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PREFACE  TO  THE  SECOND  EDITION 


Pharmacology  comprises  some  broad  conceptions  and  generalizations, 
and  some  detailed  conclusions,  of  such  great  and  practical  importance 
that  every  student  and  practitioner  of  medicine  should  be  absolutely 
familiar  with  them.  It  comprises  also  a  large  mass  of  minute  details, 
idiich  would  constitute  too  great  a  tax  on  human  memory,  but  which  can- 
not safely  be  neglected.  It  is  the  ambition  of  this  book  to  present  both 
types  of  information  without  confusion.  The  matter  in  the  larger  print 
aims  to  give  a  connected  and  concise  statement  of  the  essentials  of  pharma- 
cology. The  smaller  print  need  not  be  considered  by  the  reader  who 
wishes  to  obtain  merely  a  general  knowledge  of  pharmacology.  It  con- 
tains more  detailed  data  for  consultation.  Side  headings  have  been  intro- 
duced liberally  to  facilitate  this  use.  The  bibliographic  references  are 
intended  to  put  the  student  on  the  track  of  further  details. 

The  volume  can,  therefore,  serve  both  for  study  and  reference. 
There  may  be  some  question  as  to  the  general  advisability  of  combining 
text-books  and  reference  books;  but  in  Pharmacology  this  appears  to  be 
necessary,  since  every  student  may  need  more  detailed  information  at  any 
time. 

Snce  the  first  edition  of  this  work  was  printed,  the  development  of 
^  pharmacology  has  been  repaid  and  extensive,  notwithstanding  the  war,  and 
in  some  directions  because  of  it.  There  has  not  yet  been  time  thoroughly 
to  (figest  all  this  material.  However,  it  has  been  possible  to  make  impor- 
tant additions  and  changes  in  all  parts  of  the  text;  and  to  introduce 
airiy  thorough  discussions  of  new  topics;  such  as  the  *' war-gases:"  the 
aew  antiseptics;  cuprein  derivatives:  etc  These  additions  have  enriched 
the  bibliography  by  over  twelve  hundred  titles. 

CucrBLAXD.  Ohio. 
Jtmmavy,  1932. 
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PHARMACOGNOSY 


Definitions. — Pharmacognosy  deals  with  the  origin  and  the  anatomic 
id  chemic  structure  of  crude  drugs. 

J/o/^Ttd  \fedka  is  an  older,  obsolescent  title,  which  was  used  to  include  also  the 

Bctions.  uses  and  dosage.    Organic  Materia  Medica  is  limited  to  the  drugs   derived 
directly  from  the  vegetable  and  animal  lungdoms. 

Importance  of  Pharmacognosy. — An  accurate  knowledge  of  this 
branch  is  necessar>'  to  the  pharmacist  to  insure  the  quality  of  his  wares. 
It  is  much  less  important  to  the  physician.  However,  it  is  useful  to 
know  the  appearance,  odor,  taste,  solubility,  and  perhaps  the  origin,  at 
least  of  the  more  important  drugs. 

Vegetable  Drugs. — The  crude  organic  drugs  are  derived  mainly  from 
plant:^,  either  Avild  or  cultivated;  collected  at  the  proper  season  to  insure 
the  maximum  activity;  and  properly  dried  or  otherwise  prepared. 

Parts  Used. — The  active  principles  are  often  diffused  throughout  the 
plant;  but  they  are  generally  more  abundant  in  one  particular  part, 
which  is  then  used.  The  parts  are  designated  by  their  usual  botanic 
names.  The  following  are  the  most  important,  with  some  characteristic 
examples. 

Root  {Radix), — The  underground  part  of  the  plant,  generally  devoid 
of  chlorophyl  (green  coloring  matter),  and  which  does  not  produce  leaves 
{Dandelion,  Belladonna,  Ipecac,  Rhubarb). 

Tuberous  Roots. — Roots  swollen  with  accumulation  of  reser\'c  food 
materia!  (Sweet  Potato,  Aconite,  Jalap),  They  are  often  called  tubers; 
but  true  tufccrs  (Potato)  are  similar  formations  on  rhizomes, 

Corm. — A  thickened  undergroimd  stem  (Colchicum). 

Bulb. — Very  fleshy,  closely  crowded  leaves,  enfolding  the  underground 
base  of  the  stem  (Onion,  Squills). 

Rhizome. — Underground  stems  which  bear  leaves  (Podophylltmi, 
Hydrastis.  Ginger,  Aspidium). 

Wood  (Lignum). — The  wood  of  trees,  in  fragments,  chips  or  coarse 
powder  (Quassia,  Hcmatoxylon.  Sandalwood). 

Bark  (Cortex). — The  outer  layer  of  the  stem  (Cinchona,  Cascara, 
Wild  Cherry),  or  of  the  root  (Sassafras,  Cotton-root).  Sometimes  only 
the  inner  bark  is  collected  (Ceylon  Cinnamon,  Elm). 

Leaves  (Folia). — Digitalis,  Uva  Ursi,  Belladonna,  Senna. 

Herb  (Hcrba  or  Spaies). — The  smaller  leafy  and  flowering  or  fruiting 
stems  (Peppermint,  Cannabis  Indica,  Savin). 
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Flowers  (Flores) . — Chamomile,  Arnica.  Unexpanded  flowers  are : 
Cloves,  Santonica. 

Fruit  (Fructus). — ^The  ripened  ovary,  with  any  persistent  parts  of  the 
flower,  and  containing  the  seeds  (Pepper,  Cardamom,  Hops,  Colocynth, 
Anise). 

Seed  (Semen). — ^The  essential  part  of  the  fruit  (Nux  Vomica,  Strophan- 
thus,  Physostigma,  Mustard,  Linseed). 

Microscopic  Structure  of  Plants. — ^This  differs  from  the  animal  cells, 
especially  by  the  thick  cell  walls,  and  by  the  frequent  presence  of  proto- 
plasmic enclosures,  starch,  fats,  calcium  oxalate,  protein  crystals,  etc. 
The  cell  walls  are  chiefly  responsible  for  the  shape  and  physical  properties 
of  the  cell.  They  consist  primarily  of  cellulose,  variously  modified 
by  certain  allied  substances  (lignin  in  wood,  suberin  in  cork).  These 
are  all  insoluble  in  ordinary  solvents  and  in  the  alimentary  canal  of  man. 
They  are  therefore  so  much  useless  "ballast"  in  the  administration  of 
the  drugs.  The  processes  of  pharmacy  consist  largely  in  isolating  the 
active  constituents  from  this  useless  material. 

Pharmacognostic  Importance  of  Bficroscopic  Structure. — ^The  appearance,  size  and 
arrangement  of  the  cells  and  their  inclosures  (starch  grains,  etc.)  is  often  the  most 
important  aid  in  identifying  a  drug,  particularly  when  in  the  form  of  powder.  The 
pharmacopeias  therefore  include  microscopic  descriptions,  whenever  these  are  important. 

IMPORTANT  PLANT  CONSTTTDEITrS 

Elementary  and  Proximate  Constituents. — The  dementary  or  ultimate^ 
constituents  of  plants,  as  of  animals,  are  mainly  C,  H,  O,  and  N.  The 
chemical  compounds  formed  from  these  are  called  the  proximate  principles 
or  constituents  of  the  plant.  These  belong  to  the  chemical  groups  of 
proteins,  fats,  carbohydrates,  tannins,  resins,  alkaloids,  glucosids,  adds, 
terpenes,  etc.     Plants  also  contain  inorganic  salts. 

Cellulose. — This  is  found  in  the  cell  walls.  It  exists  in  almost  pure 
form  in  cotton.  It  is  chemically  an  isomer  of  starch,  having  the  ele- 
mentary formula  (C«Hio06)n.  It  is  insoluble  in  all  the  ordinary  solvents, 
and  is  not  affected  by  boiling  water.  It  dissolves  without  change  in 
Schweitzer's  reagent  (ammoniated  solution  of  copper  sulphate).  In 
older  cells  it  is  often  modified  by  the  introduction  of  allied  molecules: 
wood  (lignin)  or  cork  (suberin).  Cork  is  very  resistant  to  reagents  and 
impermeable  to  water,  and  hence  protects  the  plant  against  evaporation 
and  chemic  injury.  The  cellulose  may  also  imdergo  a  retrograde  meta- 
morphosis into  gum  or  pectin. 

Starch  (CJHioOs)!!- — ^This  is  produced  as  one  of  the  first  stages  in  the 
assimilation  of  CO2.  It  occurs  in  the  form  of  granules,  usually  showing 
a  laminated  structure  aroimd  a  center  (hilus).  The  character  of  this 
lamination,  as  well  as  the  average  shape  and  size  of  the  granules,  are 
important  in  distinguishing  between  different  plants. 

Starch  can  be  easily  recognized  by  the  blue  color  which  it  gives  with 
iodin.  It  is  insoluble  in  all  the  ordinary  solvents,  but  with  boiling  water 
swells  and  forms  a  peculiar  colloidal  solution  (paste). 

Gums. — ^These  are  colloidal  carbohydrates,  swelling  or  dissolving 
in  water  to  viscous  adhesive  fluids  (mucilages  or  pastes).  They  are  pre- 
cipitated by  alcohol.  They  are  formed  in  the  plant  by  the  transformation 
of  cellulose  and  cell  contents,  especially  as  the  result  of  pathologic  proc- 
esses.   Pectins  are  closely  related  substances,  occurring  in  fruits,  and 
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lusing  the  boiled  fruits  to  set  into  jelly.     Gums  and  pectins  do  not  color 
with  iodin;  they  reduce  copper  only  after  inversion. 

Sugar. — The  various  forms  of  sugars  have  a  wide  distribution  in  the 

vegetable   kingdom.     Some   reduce   copper  in   alkaline  solution;  others 

so  only  after  inversion.     All  turn  the  plane  of  polarized  light.     They 

re  soluble  in  water;  much  less  so  in  alcohol.     The  most  important  types 

&re: 

Glucose  {Dextrose  and  LcmUose),  CaHisOt;  Maltose  and  Saccharose, 
CijHmOu;  Mannitr  CsHnOo. 

Glucosids. — These  are  ester-like  combinations  of  sugars  with  various 
other  substances,  frequently  with  phenols.  Acids  or  appropriate  ferments 
hydrolyze  them  into  sugar  and  the  other  substance.  Many  do  not  con- 
lain  nitrogen.  Most  glucosids  are  neutral  or  weakly  acid;  a  few  are 
Ikaloidal.  They  are  widely  distributed  in  plants,  and  include  active 
rinciples  such  as  the  digitalis  constituents,  saponins,  tannins,  etc. 
Saponins. — These  are  neutral,  non-nitrogenous  substances  distin- 
^juished  by  foaming  with  waters,  emulsifying  oils,  and  laking  red  blood 
)rpuscles.  Many  have  the  formula  CnH^n-gOio.  Some  are  glucosids. 
*hose  which  are  markedly  toxic  are  sometimes  called  sapotozins.  The 
)nins  are  also  of  wide  occurrence 

Tannins. — This  term  is  applied  to  a  group  of  phenol  derivatives, 

[distinguished  by  giving  a  bluish  or  greenish  color  with  ferric  sails.     The 

reatcr  number  also  form  insoluble  compounds  with  other  metallic  salts, 

ith  alkaloids,  proteins,  etc.     This  precipitation  leads  to  an  astringent 

action. 

Tannins  occur  in  many  plants,  especially  in  the  leaves  and  bark,  and 
oi  pathologic  formations  (nut-galls).  They  are  non-nitrogenous;  some  are 
glucosids.  They  are  soluble  in  water  and  in  alcohol;  but  since  they  form 
[insoluble  compounds  with  so  many  substances,  they  often  occur  in  plants 
fa  granular  form. 

Phlobaphens. — Tannins  are  easily  decomposed  uito  resin-like  substances  called 
^i^phcns.  These  exist  naturally  in  plants,  but  are  usually  formed  as  artificial  de- 
composition products  in  all  extracts.  They  are  dark-colored,  soluble  in  alcohol  and 
iOuulioc  liquids,  insoluble  in  water. 

Tannins  and  phlot)aphens.  as  well  as  most  other  plant  constituents,  are  easily  con- 
verted bto  a  group  of  substances  called  humins,  Tbese  do  not  exist  in  living  tissues, 
Ukd  arise  on  the  death  of  the  cells,  by  the  action  of  air  and  moisture.  They  cause  tJie 
brBwn  color  which  plants  assume  on  dr>-inK;  they  are  also  present  in  the  brown  bark. 

Ttnnins.  phlobaphens,  and  humins  form  a  series,  without  sharp  demarcation.  They 
V* rather  resistant  to  the  action  of  bacteria,  and  in  this  way  protect  plants  against 
ilttfaciion. 

Alkaloids. — These  comprise  many  of  the  most  active  and  important 

tlant  constituents.     They  may  be  defined  as  natural  nitrogenous  organic 

15*^  (generally  tertiary  amins);  i.e.,  they  are  organic  substances,  coniain- 

mirogen,  of  basic  character,  combining  with  acids  without  the  elimina- 

i  of  hydrogen,  forming  well-defined  and  usually  crystalline  salts.    The 

li  with   halogens  are  called  hydrochlorids,  hydrobromids,  etc.   (not 

orides,  etc.). 

The  names  of  alkaloids  are  often  spelled  with  a  &nal  r,  to  distinguish  them  from 
ftnttf&l  principals  (thus  morphinr,  an  alkaloid;  aalicin,  a  glucosid).  This  distinctioii 
»  nnhcr  arbitrary,  and  i.s  not  followed  here. 

Oiiiotrry  of  the  Alkaloids.- — This  is  an  achievement  of  the  igth  century  (Morpbin, 

Scrtuemer.  1805  to  1817;  Strychnin,  i8r8;  Quioin  and  Caffcln,  1820;  Nkotln,  1829; 

>pin.  r833). 
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Occurrence.— On\y  a  few  alkaloids  occur  in  the  animal  kingdom,  the  most  important 
example  being  epinephrin,  the  active  principle  of  the  suprarenal  gland.  Alkaloidal 
principles  are  aLso  formed  by  the  action  of  bacteria,  and  are  called  piomains.  Amongst 
the  higher  plants  the  occurrence  of  alkaloids  is  very  common,  the  same  plant  containing 
usually  several  alkaloids,  which  are  often  formed  from  one  another.  They  are  often 
found  in  all  parts  of  the  plants,  but  sometimes  they  are  strictly  localized  in  certain 
portions. 

The  alkaloidal  content  of  plants  varies  considerably  according  to  the  climate,  culture 
and  other  conditions.  Individual  plants  also  show  considerable  variations  (Sievers, 
1913).  They  can  be  improved  by  selective  breeding,  although  this  is  technically 
rather  difficult  (Sievers,  1916). 

Some  alkaloids  contain  oxygen,  others  do  not.  Those  containing  oxygen  are  solid 
and  comparatively  non-volatile,  whereas  those  free  from  oxygen  (nicotin  and  coniin) 
are  liquid  and  volatile. 

Properties  oj  Alkaloids. — ^All  alkaloids  have  certain  properties  in  com- 
mon: bitter  taste,  alkalinity  to  litmus,  nitrogen  reaction;  generally  pro- 
found physiologic  action,  without  postmortem  lesions. 

Solubility  Characters. — Free  alkaloids  are  soluble  in  ether,  chloroform, 
and  oils,  much  less  soluble  in  alcohol,  and  comparatively  insoluble  in 
water.  Alkaloidal  salts,  on  the  other  hand,  have  just  the  opposite  solu- 
bility: They  are  soluble  in  water  and  alcohol,  insoluble  in  chloroform  and 
ether.  With  the  alkaloidal  salts,  the  combined  acid  plays  a  prominent 
r61e  in  the  solubility. 

Precipitation  Reactions. — ^Alkaloidal  salts  are  precipitated  by  iodin, 
mercuric-potassic  iodid  (Mayer's  reagent);  phospho-molybdic  acid;  picric 
acid;  gold  chlorid,  platinic  chlorid,  etc.  Many  also  precipitate  mercuric 
chlorid,  potassium  bichromate,  tannin,  etc. 

Color  Reactions. — Many  alkaloids  give  characteristic  colors  with  con- 
centrated acids,  with  or  without  the  addition  of  oxidizing  or  reducing 
agents. 

Chemic  Constitution. — ^The  structure  of  many  alkaloids  is  well  under- 
stood; others  are  still  obscure.  The  greater  number  are  fairly  complex 
derivatives  of  pyridin  (coniin,  nicotin);  pyrrolidin  (cocain,  atropin); 
quinolin  (quinin,  cinchonin,  strychnin,  brucin);  iso-quinolin  (hydrastin, 
narcotin,  cotamin,  berberin);  morpholin  or  phenanthren  (morphin,  codein, 
thebain). 

Neutral  or  Bitter  Princq)les. — This  class  comprises  a  heterogeneous 
collection  of  substances,  which  have  not  been  assigned  to  other  classes. 
The  principles  usually  have  a  bitter  or  sharp  taste,  and  are  usually  crys- 
talline and  non-nitrogenous.  A  number  are  lactones^  i.e.,  derived  from 
alcohol-acids,  by  the  elimination  of  H2O. 

Resins. — ^These  are  also  a  heterogeneous  collection;  including  solid, 
non-volatile,  amorphous  substances  of  obscure  composition,  generally  non- 
nitrogenous.  The  distinguishing  character  is  their  insolubility  in  water, 
and  solubility  in  alcohol,  most  fat  solvents  (except  petroleum  ether)  and 
strong  akalies.  The  resins  are  often  contained  in  special  vessels,  from  which 
they  are  usually  obtained  as  exudations  after  incising  the  plant. 

Mixed  Resins. — When  the  resins  occur  mixed  with  essential  oils,  they 
are  natural  oleoresins;  when  mixed  with  gums,  gum-resins.  If  they  contain 
aromatic  acids  (cinnamomic,  benzoic,  etc.,  or  essential  oils),  they  are  called 
balsams. 

Resifwids. — ^These  are  artificially  isolated  principles  soluble  in  alcohol 
and  insoluble  in  water.  They  are  generally  mixtures,  often  containing 
true  resins. 
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Volatile  Oils  (Essential  Oils).— These  are  odorous  principles,  of  the 
physical  characters  of  faity  oils,  from  which  they  diflfer  by  being  volatile 
and  soluble  in  alcohol.  They  are  responsible  for  the  odor  of  plants. 
Chemically,  they  are  mixtures  of  esters,  aldehyds,  alcohols,  ketones,  and 
especially  the  terpens  (Kremers,  i8g8). 

The  constituents  may  separate  on  cooling,  the  liquid  part  being  called  tlropUn, 
the  solid  Uttiropicn.  Camphors  are  analogous  substances,  but  solid  at  ordinary  tempera- 
"ire.     Rubber  (caoutchouc  and  gulla-pcrcha)  is  related  to  the  terpens. 

Plants  also  contain  many  other  alcohols,  aldehyds,  organic  adds, 
aromatic  derivatives,  etc. 

Fats  and  Fixed  Oils. — T>T>ical  fats  (esters  of  fatly  acids  and  glycerin) 
ire  abundant  especially  in  seeds,  occurring  within  the  cells  as  drops  or 
'Cr>'5iAls.  The  fats  are  greasy  liquids  or  soft  solids;  when  heated,  they 
Undergo  decomposition,  denoted  by  acrid  acrolein  vapors.  They  are  in- 
soluble in  water  or  glycerin,  sparingly  soluble  in  alcohol,  and  freely  soluble 
in  ether,  chloroform,  benzin  (petroleiun  ether),  carbon  disulphid,  turpen- 
tine, etc.  ijat  solvents). 

Waxes. — These  are  more  solid  substances  with  the  solubility  charac- 
ters of  fats.  Chemically,  they  are  esters  of  fatly  acids  with  alcohols  other 
than  glycerin. 

Proteins.— These  are,  of  course,  represented  in  all  vegetable  cells,  but 
are  especially  abundant  in  seeds,  sometimes  as  crystals  (aleuron).  Several 
dasses  of  the  proteins  are  i)eculiar  to  plants. 

ChlorophyL — This,  the  green  pigment  of  plants,  is  insoluble  in  water, 
soluble  in  alcohol  and  fat  solvents.  It  is  allied  to  blood  pigment,  but  con- 
tains no  iron.    It  is  readily  changed  and  discolored  by  reagents. 

The  chlorophyl  nccurf  in  the  cells  as  granule*  (chloroplasts),  made  up  of  a  colorless, 
K**^.  protein  groundwork,  containing  in  its  meshes  the  chlorophyl  pigment.  The 
utter  consists  really  of  a  mixture  of  green  and  yellow  colors  (chlorophyl  and  xanlho- 
pM),  These  chlorophyl  granules  are  found  mainly  in  the  higher  plants,  and  serve  in 
tht  presence  of  light  to  assimilate  COi.  and  consenuently  to  form  starch,  etc.  During 
the  process  of  dPtTng.  especially  if  this  (Kcuns  slowly,  the  pigmeat  is  acted  on  by  acids, 
elf.  developed  under  these  conditions,  and  undergoes  various  changes,  usually  t)c- 
OQming  brown 

Other  Pigments. — Plants  are  rich  in  colors,  belonging  to  x'arious 
chcniic  ^^roups,  often  unidentified.  Many  alter  with  changes  of  reaction. 
Thc  browTi  coloring  matter  of  barks,  etc.,  is  allied  to  the  tannins  and 
pHlobaphens. 

Cvotin. — This  is  the  principal  yellow  pigment  of  plants.     It  is  practically  non-toxic 
peritoneal  injection,  and  also  with  intradcrmic  tests  (Wells,  H.  G.  and  Hedcnburg, 

t0i6) 

Enzymes. — Different  plants  contain  almost  every  imaginable  kind 
of  ferments,  a  few  being  used  in  medicine. 

ExtractiTe  Matter.— ^This  term  is  applied  to  the  mixture  of  unidentified 
ic  constituents;  especially  to  the  colloidal  smear>-  mass  which  remains 
cN'aporating  any  extract  from  which  the  important  constituents 
been  remo\fd. 

Mineral  Salts. — ^These  arc  fairly  abundant  in  plants,  constituting 
Uk  ash  which  remains  on  incineration.    Ca  and  K  are  especially  important. 

alts  seem  to  be  combined  largely  with  the  protoplasm,  and  exist  partly  dis- 
tly  as  crystals.     Growing  tissues  are  always  rictier  in  salts  than  those  fully 
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PHARMACEUTIC  STAin>ARDS 

Objects. — Pharmacy  deals  with  the  preparation  and  compounding 
of  drugs  for  the  purpose  of  administration.  It  has  for  its  objects  the 
separation  of  the  active  principles  of  drugs,  their  combination,  and  their 
presentation  in  a  pleasant  form. 

The  Weed  of  Phaxmacy. — The  necessity  for  such  an  art  will  be  readily  understood. 
Drugs  may  be  divided  according  to  their  origin  into  mineral,  vegetable,  and  animal 
drugs.  The  last  two  are  often  too  bulkj^  to  be  conveniently  used,  and  the  substances 
which  detennine  their  action  are  often  in  such  a  condition  that  they  can  not  readily 
be  separated  in  the  body,  and  so  can  not  fully  develop  their  action.  One  drug  alone 
may  not  meet  all  the  indications  in  a  disease,  and  when  several  are  given  it  is  necessary 
to  combine  them  in  such  a  way  that  they  may  not  interfere  with  one  another,  either 
chemically  or  mechanically.  Lastly,  having  chosen  and  prepared  the  drugs  in  a  proper 
manner,  and  having  decided  how  to  combine  them,  it  is  highly  desirable  to  give  them 
in  such  a  form  as  will  be  least  objectionable  to  the  taste,  smell,  or  ^ght  of  the  patient. 

Official  Drugs. — ^A  certain  degree  of  uniformity  in  the  strength  and 
preparation  of  pharmaceutic  products  is  absolutely  indispensable.  Ac- 
cordingly, practically  all  civilized  countries  have  standards  established 
by  law,  to  which  dj-ugs  and  preparations  in  the  shops  must  conform. 
The  book  in  which  these  standards  are  published  is  usually  called  the 
Pharmacopeia,  Preparations  listed  in  these  official  books  are  termed 
"official."  A  pharmacopeia,  therefore,  is  an  official  book  of  standards 
for  official  drugs. 

Internatiopoal  TlDifonnity. — The  first  effective  step  in  this  direction  was  taken  by 
the  Brussels  Conference  of  i()o6,  the  "International  Conference  for  the  Unification  of 
the  Formulas  for  Potent  Medicines."  This  conference  drew  up  a  list  of  the  potent  drugs 
for  which  uniformity  was  most  important,  and  established  standards  of  strength  for 
them  and  their  preparations.  These  have  been  adopted  essentially  by  most  of  the 
civilized  nations.  These  formulas  of  the  Conference  are  designated  as  "I.A."  (Inter- 
national Agreement)  by  the  B.P.;  as  "P.I."  (Protocol  International)  by  the  U.S.P. 

Scope  of  the  Pharmacopeias-^These  usually  aim  to  include  only 
"standard  drugs,"  i.e.,  those  of  established  value.  There  is  a  healthy 
tendency  to  restrict  the  admission  of  complex  mixtures. 

Galenic  Preparations. — ''Galenicals"  are,,  strictly  speaking,  medicines 
prepared  after  the  formulas  of  Galen.  The  term  is  now  used  to  designate 
standard  preparations  containing  one  or  several  organic  ingredients, 
as  contrasted  with  pure  chemic  substances. 

Proprietary  Drugs. — Drugs  which  are  protected  by  a  monopoly — 
by  patents,  trade  marks,  secrecy,  etc. — are  generally  not  admitted  into 
the  pharmacopeias,  and  are  therefore  non-official.  They  are  thus  not 
subject  to  legal  control,  and  are  often  advertised  under  extravagant, 
misleading  and  false  claims.  However,  some  of  the  most  valuable  drugs 
are  proprietary,  and  many  are  marketed  in  a  strictly  legitimate 
manner.  The  pharmacopeias  will  doubtless  give  increasing  recognition  to 
patented  drugs  that  are  really  valuable,  non-secret,  and  otherwise 
unobjectionable. 

Patent  Medicines. — This  term  is  to  applied  proprietary  drugs  that  are  advertised, 
directly  or  indirectly,  to  the  laity.  They  are  not  usually  patented,  as  the  name  would 
imply;  most  manufacturers  preferring  to  rely  upon  secrecy  to  impose  on  the  public. 
The  medical  profession  is  generally  opposed  to  patent  medicines  as  a  class,  and  to  lay 
advertising  in  particular.  "The  impossibility  of  controlling  the  irresponsible  claims 
which  are  usually  made  in  advertisements  to  the  public,  the  well-known  dangers  of 
suggesting  by  descriptions  of  symptoms  to  the  minds  of  the  people  that  they  are  suffer- 
ing from  the  many  diseases  described,  the  dangers  of  the  unconscious  and  innocent 
formation  of  a  drug  habit,  and  the  evils  of  harmfulself-medication,  including  the  dangers 
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ie  spread  of  many  infectious  and  contagious  diseases  when  hidden  from  the  physician, 
and  similar  well-known  considerations,  are  the  reasons  for  discouraging,  in  the  interest^ 
and  for  the  safety,  of  the  public,  this  reprehensible  form  of  exploitation"  (N.X.R.). 

The  United  States  Pharmacopeia. — This  is  issued  decennially ;  the  revi- 
sion started  in  1920  being  the  "U.S.P.X."  It  furnishes  mainly  the 
standard  definitions,  tests  and  formulas.     It  is  a  legal  standard. 

The  U.S. P.  was  first  published  in  1830.  It  is  revised  by  a  Pharmacopeial  Revision 
Committee,  appointed  by  the  United  Slate*  Pharmacopeial  Convention,  which  con- 
Bfits  of  delegates  from  pharmaceutical  and  medical  organizations.  The  current 
cummlttcc  of  revision  consists  of  50  members,   headed  by  an  executive  committee. 

The  British  Phannacopeia. — The  B.P.,  fifth  edition,  wtis  issued  in 
IQI4.     It  resembles  the  U.S. P.  in  scope  and  arrangement. 

The  B.P.  is  published  by  the  General  Medical  Council,  and  revised  at  irregular 
intervals. 

tfatioiul  Formulary  (N.P.) — This  is  a  collection  of  formulas  for  less  important 
preparations,  issued  by  the  American  Pharmaceutical  Association.  It  is  also  a  legal 
siaodard. 

New  and  Kon-official  Remedies  (N.N.R.). — ^This  contains  descriptions  of  the 
characters.  aclion>  and  uses  of  those  propHelarj*  drugs  that  are  marketed  in  a  proper 
mnner.  It  is  issued  by  the  American  Mcdictd  Association  and  revised  annually  by 
its  Council  on  Pharmacy  and  Chemistry. 

Dispensatories. — These  are  commentaries  which  enlarge  and  explain 
the  official  texts,  and  generally  also  describe  unofficial  preparations. 
The  National  Dispensatory  antJ  the  U.S.  Dispensator>*  are  principally 
used  in  the  U.S.  The  British  Pharmaceutical  Codex  (B.P.C.),  and 
Ekger's  Praxis  are  similar  works. 

Useful  Drugs. — This  is  a  small  manual  issued  by  the  American  Medical 
Association,  which  contains  only  the  most  useful  drugs  with  such  informa- 
tion as  is  of  especial  interest  to  physicians. 

Physicians*  Epitome  of  U.S.P.  and  N.F. — This  is  another  A.M. A. 
publication,  giving  a  brief  but  critical  abstract  of  all  U.S.P.  and  N.F, 
preparations.  

PHARMACEUTIC  METHODS 

In  the  making  of  pharmaceutic  products  different  methods  must 
be  used,  de(>ending  upon  the  physical  and  chemic  nature  of  the  crude 
drug,  and  upon  the  character  of  the  desired  product. 

These  may  be  roughly  classified  into  those  used  in  the  making  of  many 
different  preparations — general  metfwds — and  those  used  in  only  a  limited 
number  of  cases — special  methods. 

The  methods  may  be  studied  in  the  order  in  which  they  are  usually 
applied  to  the  drug. 

PREPARATORY  PROCESSES 

Desiccation  or  Drying. — This  is  usually  the  first  operation  to  which 
the  crude  drugs  are  subjected  after  their  collection.  It  serves  a  three- 
fold purpose:  It  reduces  the  bulk,  assists  preservation,  and  facilitates 
comminution. 

'ty  the  drying  was  done  by  spreading  or  hanging  the  drugi^  in  airy  lofts.     .\l 
I  /  arc  usually  placed  on  perforated  trays  in  special  dr>ing  closets  and  heated 

1.  *.4iis    i.stcam,  etc.).     They  are  often  cut  into  smaller  pieces  before  this  drying. 
decree  of  heat  must  not  be  so  high  as  to  injure  the  sometimes  very  unstable  in- 
its.     The  U.S.P.  designates  32  to  ig^C.  as  "gentle  heal." 


24  MANUAL   OF  PHARMACOLOGY 

Conimiiiution. — The  next  step  is  comminution,  or  reducing  of  the  sub- 
stance to  smaller  pieces. 

This  is  usually  done  by  machinery.  Crude  vegetable  drugs  are  £rst  sliced  or 
chopped,  often  before  drying.  They  are  then  bruised  by  pounding  in  a  mortar  and 
finally  ground,  the  finer  grades  of  powders  often  several  times,  the  grinding  surfaces 
being  brought  closer  together  each  time.  The  mills  for  this  purpose  are  constructed 
on  the  same  general  principles  as  flouring  mills,  employing  stones,  rollers,  etc.  The 
details  of  the  process  used  depend  upon  the  physical  character  of  the  drug. 

On  the  small  scale,  drug  mills,  constructed  more  or  less  on  the  principle  of  the  coffee- 
mill,  are  used  for  fibrous,  and  mortar  and  pestle  for  friable  drugs.  Mortats  are  made 
of  iron,  wedgewood,  porcelain,  and  glass. 

Pulverization  is  comminution  to  a  powder. 

Trituration  is  the  process  of  rubbing  (not  pounding)  a  substance  to  a 
powder  in  a  mortar. 

Some  points  deserve  special  mention.  Often  a  substance  will  not  powder  by  itself, 
but  will  do  so  when  mixed  with  another  substance — e.g.^  sugar  of  milk.  This  is  called 
"pulverization  by  intervention."  Sometimes  it  is  well  to  moisten  the  drug — e.g., 
camphor  with  alcohol,  nux  vomica  with  steam,  etc. 

Fineness  of  Powder. — In  the  process  of  jxrcolation,  presently  to  be  described,  it  is 
often  essential  to  use  a  powder  of  a  certain  degree  of  fineness.  The  powders  are  there- 
fore sifted,  and  are  classified  according  to  the  size  of  the  meshes  of  the  sieve  throui^ 
which  they  pass,  thus: 

No.  So  =  So  meshes  to  linear  inch,  very  fine. 
No.  60  =  60  meshes  to  linear  inch,  fine. 
No.  50  B  moderately  fine. 
No.  40  »  moderately  coarse. 
No.  20  =»  coarse. 

Since  the  different  structures  in  a  crude  drug  do  not  powder  with  eqxiat  readiness, 
it  is  essential  that  the  whole  of  the  drug  to  be  powdered  should  be  passed  through  the 
sieve,  else  the  different  portions  will  not  have  tne  same  composition. 

Levi^tion. — This  is  employed  to  obtain  very  fine  powders  of  insoluble  substances. 
by  makmg  them  into  a  tuck  paste  with  water,  and  rubbing  this  between  polished 
slabs. 

EiutrUtion  is  used  to  separate  fine  insoluble  powders  by  suspending  them  in  water 
and  decanting. 

PROCBSSBS  OF  SEPARATION 

For  the  separation  of  the  desired  ingredients  from  the  inert  material 
three  methods  are  in  vogue,  depending  upon  the  nature  of  the  active  con- 
stituents. If  volatile  constituents  are  to  be  separated,  this  may  be  readily 
done  by  the  application  of  heat — distillation  and  sublimation.  If  they 
are  not  volatile,  the  separation  is  usually  effected  by  exposing  the  drug 
to  the  action  of  some  solvent  in  which  the  desired  principles  are  soluble, 
and  the  undesired  constituents  are  insoluble,  fii  certain  cases  some 
mechanical  means  are  suflSicient,  as  in  the  separation  of  fixed  oils  from 
seeds,  etc.,  by  pressure. 

Separation  by  Means  of  Heat — ^This  may  be  used  whenever  the  sub- 
stances to  be  separated  have  different  boiling-points,  and  are  not  them- 
selves destroyed  by  the  necessary  degree  of  heat.  The  methods 
vary  according  to  whether  the  fixed  or  the  volatile  portion  is  desired, 
and,  if  the  latter,  according  to  whether  it  is  liquid  or  solid. 

Desiccation,  Torrefaction,  Carbonization,  Ignition. — With  all  these, 
the  object  is  to  drive  oflF  some  volatile  constituent  from  a  solid,  the  fixed 
residue  being  the  portion  desired. 

When  the  heat  employed  is  of  such  degree  as  not  to  change  the  chemic 
composition,  the  process  is  spoken  of  as  desiccation. 
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efaciion. — The  process  of  roasting;  the  object  being  to  employ  such  a  degree 
ol  heat  IS  will  alter  some  of  the  constituents  without  atTecting  others.  The  roasting 
of  coffee  is  a  familiar  example. 

Corbonisaliou. — The  heating  of  organic  substances  under  exclusion  of  atr.     The  ob- 
ject Is  to  destroy  the  chcmic  composition  without  oxidation;  carbon  results  in  the  pro- 
(vrgetable  or  animal  charcoal). 
Jgnition. — This  is  the  process  of  heating  a  substance  strongly,  usually  in  a  crucible, 
full  access  of  air,  so  as  to  effect  complete  oxidation;  nothing  but  the  ashes  remain. 

Evaporation  consists  in  \'aporizing  the  solvent  from  a  solution,  the 
object  being  the  concentration  of  the  dissolved  substance. 

Since  the  rapidity  of -the  evaporation,  aside  from  the  quantity  of  heat  applied, 
depends  upon  the  extent  of  the  liquid  exposed  to  the  air  and  to  the  heat,  dishes  as  flat 
possibLe  arc  chosen.  For  ordinary  pharmaceutic  and  chemic  purposes,  those  made 
)tcelaiD  are  of  most  frequent  ser\*ice.  Vessels  made  of  glass,  iron,  platinum,  etc., 
application  in  special  cases.  The  heat  may  be  applied  directly,  say  by  means  of  a 
flame,  only  a  piece  of  wire  gauze  or  a  plate  of  asbestos  or  iron  being  interposed, 
nxthod  can  be  used  only  when  there  is  no  danger  of  injuring  the  solution  by  cxces- 
■ve  heat,  either  the  substance  being  incapable  of  change,  or  the  solvent  sufficient  in 
UKMUl  so  that  the  temperature  can  not  rise  much  beyond  its  boiling-point.  If  this  is 
M  the  case,  some  method  must  be  used  of  regulating  the  amount  of  heat  applied,  and 
thUisdone  by  applying  the  heal  indirectly  through  a  bath.  This  consists  of  an  outer 
vestti  filled  with  water  (steam),  oil,  sand,  or  air. 

The  rapidity  of  evaporation  may  be  considerably  increased  by  slirrinc,  thus  exposing 
t  constantly  renewed  surface  to  the  air. 

Iq  cases  where  the  evaporation  must  be  carried  on  at  a  temperature  below  the  boiling- 
point  of  the  solvent,  this  may  be  done  either  by  evaporation  over  HaSO*.  or  in  a  vacuum, 
or  by  passing  a  current  of  dried  air  through  the  liquid. 

Sublimation. — ^The  process  of  separating  a  volatile  from  a  non-volatile 

solid  by  heat. 

Thij  may  be  done  in  a  distilling  apparatus,  provided  that  the  cooling  tube  has 
cicni  lumen  to  prevent  its  clogging  by  the  condensation  of  the  sublimate.  The 
nilus  is,  however,  usually  modified.  A  simple  illustration  of  this  process  is  the 
method  of  manufacturing  benzoic  acid  from  gum  benzoin,  a  paper  hood  being  used 

u  condenser. 

Distillation. — The  process  of  separating  a  volatile  liquid  from  a  less 
volatile  liquid  or  solid.  (The  difference  between  sublimation  and  distilla- 
tion consists  in  this,  that  the  product  is  solid  in  the  former,  liquid  in 
the  latter.) 

Although  distillation  is  such  a  readv  and  simple  means  of  separation  that  one 
^uld  think  it  must  have  been  discovered  at  a  very  early  time,  such  does  not  appear  to 
^  ft  been  the  case.     We  find  the  first  record  of  it  in  the  writings  of  the  fourth  century 
lemists. 

:'  diitillaiion  is  the  process  of  separating  a  mixture  of  liquids  of  different 

by  distillation. 
r.(-  distiUalion  is  the  name  ap[)lied  to  the  drkcss  of  heating  a  substance  so 
Cly  as  to  decompose  it.  and  cullcLtiriK  the  volatile  products  arising  from  this  dc- 
o'tion:  ir.,  in  the  case  of  organic  bodies,  tar. 

Solution. — This  consists  of  incorporating  a  solid  into  a  liquid  in  a  state 
of  "molecular  subdivision." 

That  is.  the  molecules  of  the  solid  disperse  themselves  in  the  liquid  and  become  so 
Wy  separated  that  no  solid  particles  are  by  any  means  discernible.  In  other  words, 
>o|id  15  liqueticd  and  its  molecules  intermingle  with  those  of  the  solvent. 

'fipU  solution  is  one  occurring  in  the  manner  described,  the  change  in  the  solid 
Viical.     When  a  chemic  change  takes  place,  the  process  is  called  ckrmU  solution 
i««j^n  25  the  solution  of  a  metal  in  an  acid). 

A  solvent  ib  capable,  under  given  conditions,  of  dissolving  but  a  limited  amount  of 
■  f!i-*n  .rtllr*  A  solution  which  contains  as  much  of  the  solid  as  the  liquid  can  dissolve 
B'  onditions  is  called  a  saluraud  solution.     The  condition  which  has  the 

(rc-  icnce  upon  solubility  is  the  temperature.     A  liquid  can  usually  dissolve 
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the  more  of  the  soUd^  the  higher  the  temperature.  There  are,  however,  a  few  exceptions 
to  this  rule. 

If  a  solution  saturated  at  a  high  temperature  is  allowed  to  cool,  the  originally  dis- 
solved substance  will  be  in  excess  of  saturation.  Under  certain  conditions  it  may  stil 
remain  in  solution  at  the  lower  temperature,  this  being  a  supersaturated  solution. 
Ordinarily,  however,  the  excess  will  separate,  usually  in  crystalline  form.  This  process 
is  called  crystallization.    It  is  frequently  used  as  a  means  of  purification. 

A  solution  which  contains  less  of  the  solid  than  it  is  capable  of  dissolving  is  an  un- 
saturated solution.  A  solution  which  is  saturated  with  one  substance  is  still  capable 
of  dissolving  others. 

Solution  is  effected  by  placing  the  solvent  in  contact  with  the  substance  to  be  dis- 
solved. The  proems  ma^  be  hastened  by  am>lying  heat,  or  by  exposing  the  largesl 
possible  surface  to  the  action  of  the  solvent.  The  latter  may  be  done  by  using  the  sub- 
stance in  a  pulverized  condition,  and  bv  constant  stirring.  With  circulatory  solution 
the  substance  is  suspended  near  the  surface  of  the  solvent.  As  this  takes  up  the  sub- 
stance, it  gains  in  specific  gravity,  and  hence  sinks  to  the  bottom,  a  new  portion  o) 
liquid  taking  its  place.  The  same  object  may  be  secured  by  a  process  analogous 
to  percolation,  the  powder  being  placed  in  a  funnel  partly  occluded  by  a  pledj^t  oJ 
cotton,  etc.,  and  the  solvent  allowed  to  percolate  through  it. 

The  process  Qf  solution  applied  to  crude  drugs  has  for  its  purpose  the 
separation  of  the  active  ingredients  from  the  insoluble  inert  material. 
The  object  is  to  dissolve  out  the  greatest  possible  amount  with  the  least 
possible  menstruum.  This  accomplishes  two  results:  We  obtain  a 
strong  extract,  and  we  waste  neither  drug  nor  menstruum.  There  are  a 
number  of  methods  of  accomplishing  this,  each  with  its  advocates.  They 
are  combinations  of  two  extremes:  maceration  and  percolation.  Neither 
of  these  is  commonly  used  alone  in  this  country,  the  practice  being  to  com- 
bine the  two. 

Maceration  is  by  far  the  simpler  process.  It  consists  in  simply  leaving 
the  solvent  in  contact  with  the  drug  under  suitable  conditions  for  a  suffi- 
cient length  of  time. 

When  maceration  alone  is  employed,  a  gpven  quantity  of  the  drug  is  put  in  a  bottle 
or  other  suitable  vessel  with  a  definite  proportion  of  the  solvent  (call^  menstruum) 
and  left  a  certain  time,  usually  a  week  or  two.  The  liquid  is  then  strained  off,  the  residue 
(marc)  is  expressed  and  the  mixed  extract  filtered.  The  details  of  the  process  are 
influenced  by  the  fineness  of  the  powder,  the  time  of  maceration,  and  the  temperature. 

Different  names  are  given  to  the  process  according  to  the  temperature  at  which  it 
is  carried  out.  Maceration  proper  =  room  temperature;  30°  to  4o*'C.  =  digestion; 
boiling  —  decoction.  Possible  injury  to  some  constituents  by  heat,  or  evaporation  of 
a  constituent  or  of  the  solvent,  are  objections  to  the  application  of  heat  in  certain  cases. 

This  process  of  maceration  is  the  one  almost  exclusively  employed  in  Europe;  and 
it  offers  certain  advantages,  not  the  least  being  its  simpliaty  and  the  constant  results 
which  it  gives.  Its  main  disadvantages  are  the  required  time  and  the  loss  of  the  extract 
retained  in  the  insoluble  residue  or  "marc."  Certain  drugs  are  physically  unfit  for 
percolation,  since  the  moistening  causes  them  to  form  into  a  tough  mass,  as  good  as 
impenetrable  to  the  solvent. 

The  loss  of  menstruum  does  not,  of  course,  weigh  when  an  aqueous  solvent  fe  used 
and  only  small  quantities  are  prepared.  Hence  maceration  is  used  in  making  infusions 
and  decoctions. 

Percolation  consists  in  passing  a  solvent  through  a  thick  layer  of  the 
powder  to  be  exhausted.  This  exposes  a  large  surface  of  the  latter;  the 
nearly  saturated  solvent  flows  off  and  fresh  unsaturated  portions  contin- 
uously replace  it,  insuring  very  rapid  solution. 

The  principle  of  the  method  is  to  pack  the  powder  into  a  tall  vessel, 
with  an  opening  at  the  bottom,  and  to  let  the  solvent  trickle  through  it. 
Usually  the  process  is  preceded  by  a  short  maceration. 

The  U.  S.  Pharmacopeia  defines  percolation  as  consisting  in  *' subjecting  a  substance 
or  a  mixture  of  substances,  in  powder,  contained  in  a  vessel  called  a  percolator,  to  the 
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ictioD  of  successive  porlions  of  a  certain  menstruum,  in  such  a  mnnncr  that 
liquid,  as  it  traverses  the  powder  in  its  descent  to  the  receiver.  sh:iU  he  charged  with 
soluble  portion  of  it,  and  pass  from  the  percolator  free  from  insoluble  matter." 
The  details  are  as  follows: 
The  |x>wder  (the  fineness  of  which  depends  upon  the  nature  of  the  drug  and  is 
Erected  for  each  case  by  the  Pharmacopeia)  is  moistened  in  a  jar  with  some  of  the 
flienstnium.     This  moistening  is  for  the  purpose  of  swelling  the  drug,  fur  if  this  look 
in  Lfie  percolator,  the  drug  would  become  so  firmly  impacted  that  the  menstruum 
I  not  penetrate  through  it;  or  it  could  even  burst  the  percolator.    The  moistened 
is  then  passed  through  a  coarse  sieve  and  transferred  to  the  prepared  percolator, 
should  fill  about  two-tlurds. 

choice  of  the  shape  of  the  percolator  depends  upon  the  nature  of  the  dru§. 
the  drugs  have  a  tendency  to  swell,  particularly  if  they  arc  in  fine  powder  or  if 
ly  alcoholic  menstruum  is  used,  a  conical  percolator  is  employed;  otherwise,  the 
idrical 

Anditfirmtmi  of  Percolator. — The  percolator  is  prepared  in  the  following  manner 
'    ii:  Into  the  small  end  there  is  msertcd  a  cork  perforated  by  a  short  glass  lube 

1  projects   about    i   cm.  inside  the  percolator.     The 

Iter  end  of  tliis  tube  is  attached  to  a  piece  of  rubber 

ll'inj;,  about  one-fourth  longer  than  the  pcrcofator,  and 

to  a  U-shaped  glass  tube.     This  is  held  to  the  perco- 

r  by  u  rubber  band  in  such  a  way  that  it  can  be  raised 

)wered.     The  percolator  is  then  set  in  the  stand.     A 

:t  of  absorbent  cotton  is  loosely  packed  In  the  neck  of 

percolator  and  this  is  covered  by  a  layer  of  clean  sand, 

'Jjl^Byer  this  goes  a  well  fitting  disk  of  filter-paper.    Then 

iSnhoisteocd  drug  is  pressed  in — and  this  is  the  part  uf 

tte  process  which  requires  the  greatest  skill  and  judj;mcnl, 

*i«i  on  it  depends  the  success  of  the  product.     It  should  be 

'It^oc  very-  evenly,  else  tlic  menstruum  will  choose  the  path 

'if  lost  resistance  and  some  portions  of  the  powder  wnl  be 

tfilircly  c.\hausled  whilst  others  are  still  scarcely  afTccted. 

1       I'^mness  of  the  packing  is  also  of  great  importance;  if 


Fic. 


I.— Method  of  percola- 
tion (Thomluu). 


rra  enough,  the  menstruum  will  run  through  too  rap-' 

"3ty  and  the  percolate  will  consequently  be  weak.     If  too 

fcra  h  can  not  run  at  all;  and  if  any  swelling  occurs  the  percolator  will  be  broken. 

j\r,„...  ij,  coarse  powder  should  be  packed  more  firmly  than  fine  powders.     An  alcoholic 

i:um  requires  firmer  packing  than  a  watery  one. 

■■  f  _  packing  being  completed,  the  menstruum  is  poured  on  until  it  stands  an  inch 

Of  two  above  the  drug;  the  percolator  is  then  covered  and  set  aside  for  maceration 

f'^'  s  tpccitied  time,  the  tube  being  raised  so  that  no  liquid  flows  out.     When  the  lime 

'  r.ition  is  completed,  the  tube  is  lowered  and  fixed  at  such  a  level  thai  the  outflow 

jt  the  rate  of  ^  to  15  drops  per  minute.     New  menstruum  is  poured  on  in  the 

'  that  the  old  Hows  out.     Care  should  be  taken  always  to  maintain  the  layer  of 

iIkjvc  the  powder;  els^cracks  may  appear  in  the  latter,  necessitating  repacking. 

■  '  -f  55  is  continued,  m  the  case  of  tmctures,  until  a  certain  volume  of  percolate 

The  quality  of  the  percolate  will,  of  course,  depend  u[xtn  the  care  and  skill 

.'.MX,  and  the  product  is  apt  to  vary.     Maceration  would,  therefore,  be  a 

-s  for  tinctures. 

.  ult^*  is  avoided  in  the  case  of  extracts,  for  here  the  percolation  is  continued 

It  drug  IS  exhausted;"  i.e.,  until  the  active  ingredients  have  become  completely 

■Moul.    This  is  recognized  by  testing  the  last  portions  of  the  percolate  in  the 

nate  manner,  such  as  Ma)'er's  reagent  for  alkaloids,  water  for  resins,   etc.     A 

iisuaJly  more  rapidly  exhausted  of  its  active  ingretHents  than  of  its  coloring- 

^"  '  h;it  the  last  portions  of  percolate  may  be  colored  and  )'et  devoid  of  activity, 

nf  a  nunstruum  must  be  determined  by  the  nature  of  the  constituents,  so 

I  all  the  active  ingredients  and  the  minimum  of  inactive.     .Vlkaloids  and 

Mijuire    strong  alcohol;   gums,   weak  alcohol;  licorice.  alka.line  alcohol;  san- 

■  ■i  and  ergot,  acidified  alcohol;  gentian  and  quassia,  water  plus  alcohol  enough  to 

Utp. 

Phannaceutic  Solvents, — The  most  useful  are  the  following: 
Waitr   or  Glycerin. — Dissolve   salts    (including   those   of    alkaloids), 
fligar,  gums,  tannin,  acids,  alkalies,  etc. 

Dii^  Ac€tk  Acid, — Especially  for  alkaloids. 
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Alcohol. — Dissolves  alkaloidal  salts,  neutral  principles,  resins,  volatile 
oils.    Precipitates  gums  and  most  inorganic  salts. 

Ether,  Cfuorofornij  Acetone, — Dissolve  free  alkaloids,  neutral  principles^ 
resins,  volatile  and  fixed  oils,  and  fats. 

Petroleum  Bemin. — Solvent  properties  as  the  preceding,  except  resins. 

Aromatic  Spirits  of  Ammonia. — Dissolves  resins  and  organic  adds. 

Ezpressioii. — ^The  process  of  separating  a  liquid  from  a  solid  by 
pressure. 

Its  principal  employment  in  pharmacy  is  for  the  recovery  of  tinctures  from  the 
"marc,  i.e.,  the  liquid  retained  by  the  drug  residue  after  maceration  and  percolation. 
It  is  also  a  process  of  separating  fixed  oils. 

The  drug  is  put  in  a  coarse  strong  cloth  and  subjected  to  pressure  in  a  press.  These 
are  of  various  patterns;  screw,  lever,  hydraulic,  or  centrifugal,  llie  pressure  must 
be  applied  gradually  to  prevent  the  bursting  of  the  cloth.  Small  quantities  can  often 
be  pressed  suffidenUy  by  putting  them  into  a  cloth  and  tightly  twisting  the  end. 

Straining  or  Colation. — ^The  process  of  separating  coarse  solid  particles 
from  a  liquid  by  pouring  it  through  a  cloth  or  strainer. 

FiltratiioiL — ^The  process  of  separating  solid  particles  (fine  or  coarse) 
from  a  liquid  by  pouring  it  through  a  finely  porous  material,  such  as 
filter-paper. 

There  are  two  principal  methods  of  folding  a  filter — plain  and  plaited.  These  two 
filters  have  different  uses.  The  plaited  filter  offers  a  much  larger  surface  for  filtration 
and  is  therefore  more  rapid;  it  is  the  form  usually  employed  in  pharmacy.  The  plain 
filter,  on  the  other  hand,  facilitates  washing  and  removal  of  the  predpitate,  and  is  of 
more  frequent  use  in  chemistry. 

Other  materials  are  sometimes  employed  instead  of  paper.  A  very  useful  filter  for 
Urge  quantities  of  liquid  is  made  from  felt.  A  plug  of  glass-wool  or  asbestos  placed  in 
the  tube  of  the  funnel  is  especially  useful  for  strong  adds  or  alkalies.  A  cell  of  porous 
clay  is  also  employed,  as  in  the  various  forms  of  the  Chamberland  filter.  With  this 
a  vacuum  is  inaispensable. 

Dialysis. — This  is  sometimes  used  to  separate  crystalloids  (alkaloids^ 
salts,  etc.)  from  colloids  (extractives). 

Decolorization. — It  is  often  desirable  to  remove  the  coloring-matter  from  a  solution. 
This  may  sometimes  be  accomplished  by  choosing  appropriate  solvents.  More  often, 
however,  the  solution  is  filterea  through  recently  calcineci  animal  charcoal.  This  very 
often  retains  some  of  the  active  constituents  as  well  as  the  coloring-matter. 

Clarification. — The  process  of  rendering  turbid  mixtures  clear  and  transparent,  by 
removing  the  suspended  solid.  When  filtration  does  n<^  suffice,  the  object  is  accom- 
plished by  agitatmg  the  mixture  with  insoluble  powders  (talcum,  phosphate  of  Ume, 
aluminum  hydrate)  or  by  adding  egg-albumen  and  boiling;  or  sometimes  by  the  cen- 
trifugal machine. 

Sterilization. — The  destruction  of  bacteria  and  their  spores  is  accom- 
plished by  the  various  customary  methods. 

Glass  and  metal  utensils  may  be  sterilized  by  dry  heat  of  i6o  to  lyo'C.  for  two  hours; 
by  superheated  steam  of  1 15  to  1 2o°C.  for  fifteen  minutes;  heating  in  a  current  of  steam 
for  thirty  minutes  or  boiling  for  fifteen  minutes,  especially  in  o.i  per  cent,  sodium  bicar- 
bonate.   This  kills  all  non -spore-bearing  organisms. 

Solutions  that  are  not  readily  decomposed  by  heat  may  be  boiled  in  a  current  of  steam 
for  one-half  or  better  one  hour. 

Solutions  that  are  readily  decomposed  by  heat  are  either  prepared  aseptically  or  filtered 
through  porcelain. 

Emulsions  in  glycerin  or  oil  are  prepared  aseptically,  the  solvent  being  first  sterilized 
by  heat. 

PHARMACEUTIC  ASSAYING 

Different  samples  of  vegetable  drugs  may  vary  widely  in  the  quantity  of  active 
constituents  whicn  they  contain.    These  variations  are  very  undesirable  from  a  thera- 
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itk  standpoint,  esprdaJly  when  they  occur  in  potent,  so-called  "heroic"  drugs. 
)rt;anic  drugs  or  otncr  definite  chemic  compounds  arc  not  subject  to  this  variation; 
It  in  many  cases  the  removal  of  the  last  traces  of  innocuous  impurities  would  greatly 
their  cost  without  adding  to  their  therapeutic  usefulness.     The  pharmacopeia 
;fore  aimed  to  furnish  quantitative  methods  of  estimation,  assays,  wherever 
and   to  establish  practical   standards  to   which  medicinal  substances  must 
onionn.    With  inorganic  drug's,  it  states  the  largest  permissible  quantity  of  innocuous 
(usually  less  than  2  p>er  cent).     With  crude  vegetable  drugs,  it  f^tales  the 
*rmissible  percentage  of  active  ingredient,  wherever  practical  methods  fnr  ihcir 
ition  are  available.     Assayed  galenic  preparations  are  directed  to  be  diluted 
to  contain  a  deBnitc  proportion  of  active  constituents,  corresponding  to  the 
limum  permitted  in  the  crude  drug.     These  preparations  should  therefore  be  pre- 
ffutd  to  tnc  crude  drug  whenever  accurate  dosage  is  desired. 

The  asiay  of  inorganic  drugs  involves  the  well-known  methods  of  ordinary  quanti- 
uitve  analysis,  volumetric  processes  being  preferred.  Special  tests  are  furnished  for 
^tcrmininK  the  permissible  limits  of  accidental  impurities,  and  the  presence  of  liarmful 
sulutAiiiTc^,  ^uch  as  metals. 

A  9er\c5-  of  volatile  oils  are  assayed  for  their  most  important  ingredient.  Fats  and 
fiiTttl  oils  arc  tested  for  their  "iodin  absorption"  and  "saponification  values;"  resins 
fw  ibc  "acid  number;"  some  vegetable  products  for  their  ash.  These  testA  serve 
miialy  for  identification  and  the  exclusion  of  willful  adulterations. 

l^psin  is  assayed  for  its  digestive  power  for  proteins,  pancreatin  for  starch.  In 
renonuK  drugs,  such  as  Jalap,  Scammony,  or  Ouaiac,  the  proportion  of  ether-  or  alcohol- 
rJuble  matter  is  determined. 

Tilt  most  important  class  of  assays  refers  to  drugs  containing  aUuUoidal  principles, 
Elifiang  the  method  of  immiscible  solvents,  as  in  toxicologic  analysis.  This  rests  on 
thclact  that  free  alkaloids  are  generally  soluble  in  chloroform  or  ether,  whilst  their  salts 
in  insoluble  in  these,  but  soluble  in  water.  In  principle,  alkaloids  are  extracted  by 
cUoroform  or  ether,  or  a  mixture  of  both,  in  alkaline  reaction.  This  solution  is  then 
tbkca  in  a  separator  with  acidulated  water,  which  converts  the  alkaloids  into  salts  and 
dioohres  them,  leaving  the  impurities  behind.  For  further  purification,  the  watery 
aolimon  is  again  rendered  alkaline  and  extracted  with  chloroform  or  ether.  This, 
4a evaporation,  leaves  the  fairly  pure  alkaloid  whicli  may  be  weighed;  or  titrated,  by 
AuK-m^  it  in  a  known  amount  of  acid,  and  titrating  back  with  alkali.  Each  cubic 
(ectimrtrr  r .f  acid  corTcsponds  to  a  definite  quantity  of  each  alkaloid.  It  is  important 
'■  directions  minutely  to  obtain  reliable  results.  The  process  for  extracts 
acts  differs  merely  in  details  flhe  percolation  being  omitted,  etc.).  Tinc- 
torc*  are  first  concentrated  by  evaporation. 

This  method  estimates  the  sum  of  all  the  alkaloids  present  in  the  drug,  and  suffices 
•bfn  the  important  one  predominates  very  largely  over  the  others.  When  this  is  not 
lie  CMC.  it  is  necessary  to  confine  the  assay  to  the  particular  alkaloid  desired,  generally  a 

I't:     1.  n,aiter.     In  Hydrastis,  advantage  is  taken  of  the  comparatively  greater 

ydrastin  in  ether;  in  Opium,  of  the  comparative  insolubility  of  the  mnrphin 

1 1.     In  Nux  Vomica,  tlic  brucin  is  removed  by  oxidising  it  with  nitric  acid. 

— Drugs  which  depend  for  their  activity  on  neutral  principles  arc  often 

hemic  assay;  there  being  no  reliable  chemic  method  for  estimating  the 

1  uLs  of  Apoc>'num,  Cannabis  Indica,  Convallaria,  Digitalis,  Ergot.  Srilla,  etc. 

I-  have  been  made  to  supply  this  deficiency  by  physiologic  standardization — 

ie  strength  of  a  preparation  by  comparing  its  effects  on  animals  with 

ndard  product.     A  just  fatal  dose  is  genemlly  the  best  criterion  for  quan- 

Individual   differences   of  susceptibility   and   absorption   in  diflcrent 

■-  largely  eliminated  by  using  an  extensive  scries  of  animals.     The  expense 

-ircely  warranted  by  the  results,  except  in  a  vcr>'  few  cases,  for  instance 

Qualitative  physioloK'c  tests  of  drugs  of  veri'  uncertain  activity,  such 

Indica  or  Krgot,  are  more  simple.     The  U.S. P.  describes  the  most  impor- 

tMi  tno-«asays,  but  usually  leaves  their  employment  optional  with  the  manufacturer. 


CLASSES  OF  PHARMACEUTIC  PREPARATIONS 

The  pharmaceuticals  are  grouped  into  certain  definite  classes,  estab- 
lished by  long  usage,  such  as  Waters.  Spirits,  Tinctures,  Extracts,  Pills. 
Pbfiters^  Ointments,  etc.  The  student  should  learn  to  distinguish  clearly 
between   tbese  preparations,  according  to  the  definitions  given  below. 
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WATERY  SOLUTIONS 

These  include  the  Waters,  Liquors,  Mucilages  and  Syrups.  Their 
advantage  lies  in  the  fact  that  water  is  a  cheap  solvent  of  very  wide 
applicability,  itself  devoid  of  any  therapeutic  property.  In  the  case  of 
substances  which  are  insoluble  in  it,  it  can  not  of  course  be  employed. 
The  greatest  drawback  lies  in  the  fact  that  watery  solutions  of  organic 
substances  tend  to  spoil  rapidly  by  the  development  of  bacteria  and  infu- 
soria. Solutions  of  cheraic  substances  are  less  subject  to  this  change,  as 
they  do  not  furnish  a  pabulum,  and  are  often  themselves  antiseptic. 

Aqiue,  Waters  (singular,  Aqua;  abbreviated,  Aq.). — Clear  aqueous 
solutions  of  volatile  substances.  Two  very  dissimilar  classes  of  prepara- 
tions come  under  this  heading: 

Aquae  Aromatic^,  Aromatic  Waters,  IT.SP.  (Flavored  Waters). — 
Saturated  solutions  of  volatile  oils  (Aquae  Cinnamomi,  etc.).  These  are 
alone  included  under  Aquae  in  the  B.P.  They  are  prepared  either  by 
distilling  the  plant  or  oil  with  water  (B.P.);  or  by  triturating  the  oil  with 
an  absorbent  substance  (talc,  etc.)  until  it  is  finely  subdivided,  and  then 
extracting  this  with  water. 

The  quantity  of  active  substance  in  them  is  just  large  enough  to 
give  them  a  pleasant  flavor  without  imparting  to  them  any  noticeable 
therapeutic  properties.  The  absence  of  alcohol  makes  them  good  sol- 
vents for  salts,  which  are  generally  insoluble  in  this  liquid.  Hence  their 
main  use  is  as  a  pleasant  vehicle  (a  vehicle  being  the  substance  which 
serves  for  the  conveyance  of  another  substance). 

The  dose  of  flavoring  waters  is  practically  unlimited  (15  c.c,  4  drams, 
U.S.P.);  except  Aqua  Amygdebe  Amarse,  4  c.c. 

Waters,  as  a  rule,  do  not  keep  well.  Their  keeping  qualities  may  be  improved  by 
adding  to  them  some  of  the  oil  of  which  they  are  solutions.  This  floats  on  the  surface, 
and  in  this  way  excludes  air  and  bacteria,  and  at  the  same  time  insures  permanent 
saturation. 

The  second  class  of  Waters  (included  under  Liquores  by  the  B.P.)  are 
fairly  strong  solutions  of  gases  (ammonia,  etc.)  prepared  by  passing  the 
gas  into  water.    Their  doses  are  relatively  small. 

Liquores  {lAquor^  Liq.) ;  Solutions. — Aqueous  solutions  of  solid  chemic 
salts  or  hydrates,  made  either  by  dissolving  the  pure  salt  directly  in  water 
by  trituration  or  heat;  or,  more  often,  by  chemic  decomposition  (simple 
and  chemic  solution).  (The  Briti^  Pharmacopeia  includes  solutions  of 
gases  under  this  heading.) 

The  advantage  of  the  solutions  consists  mainly  in  the  convenience  of 
measuring  the  relatively  large  volumes  of  the  solution  against  weighing 
the  small  quantity  of  salt.  Water  is  chosen  as  the  solvent  because  salts 
are  but  little  soluble  in  alcohol,  and  because  the  ther^>eutic  qualities 
of  the  latter  are  not  desired. 

Solutions,  when  used  for  special  purposes,  receive  special  names,  thus: 
Injectiones  (Hypodermioe;  Urethrales),  Collyria  (Eyewaters),  Lotions 
(Washes),  Gargarismae  (Gargles),  etc. 

Injectiones  Hypodennic»  (B.P.)  (Inject.  Hyp.). — These  are  watery  solutions  of 
active  drugs,  intended  for  subcutaneous  administration,  and  of  such  strength  as  to  be 
used  in  the  dosage  of  0.3  to  0.6  c.c,  5  to  10  minims.  They  are  sometimes  preserved 
sterile  by  the  addition  of  phenol  or  salicylic  acid.  Manufacturers  also  market  a 
variety  of  unofficial  hypodermic  solutions  in  aseptic  ampoulsj  i.e.,  small  sealed  glau 
vials  containing  a  single  dose  of  the  sterilized  solutions. 
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Mucilagines  {MucUago;  Muc,);  Mucilages. — Aqueous  solutions  of 
gummy  substances.  They  are  used  as  vehicles  and  demulcents.  Since 
gums  are  insoluble  in  alcohol,  mucilages  are  incompatible  with  this  sul>- 
slance.  They  should  be  recently  prei>ared  because  ihey  are  very  apt  to 
mold. 

Mucil&ges  are  made  by  either  hot  or  cold  process:  the  former  being  solution  by 
bnt.  the  latter  by  percolation.     Heat  should  be  used  only  when  necessary  (tragacantbJt 

ts  it  usually  causes  discoloration  of  the  product. 

Syiupi  (Syrupus;  Syr.);  Syrups. — Dense  saccharine  solutions  of  medic- 
inal substances.  The  syrup  serves  mainly  as  a  vehicle  and  preservative. 
The  dose  of  flavoring  syrups  is  practically  unlimited  (15  c.c,  4  drains, 
U.S.P.), 

Simple  syrup  is  a  practically  5;aturated  solution  of  cane-sugar,  containing  ^5  Gm. 
in  100  c.c,  U.S. P.  (66.7  Um.  of  sugar  in  100  Gm.  of  syrup,  B.P.).     Syrups  are  usually 

Ereptred  by  &rst  making  an  infusion,  and  dissolving  in  this  the  sugar,  cither  by  heat  or 
y percolation,  according  tn  whether  or  not  the  drug  is  injured  by  a  high  temperature. 
Is  ipcool  cases  modifjcations  may  be  introduced.     Sonic  syrups  are  prepared  by  mixing 
thf  flnidextract  and  syrup.     Uoncy  is  sometimes  used  instead  of  cane-sugar,  making  a 
dau of  preparations  called  nullita.    If  acetic  acid  is  added  to  this,  we  have  oxynt^iOta. 
CoDlections  {Conjniio:  Con/.)  are  thick  medicated  Jams. 

They  wcrcformerf>*verypopulttr.  but  have  now  been  almost  abandoned.  Eltctuarits 
wtrt  similar  but  somewhat  thinner  preparations. 

Elixiria  (Elixir;  Elix.) ;  Elixirs.^Sweetened  aromatic  alcoholic  liqueurs, 
used  as  rta\oring  vehicles,  similarly  to  the  syrups.  Their  content  in 
ikohol  (about  25  per  cent.)  is  apt  to  lead  to  abuses,  which  must  be  kept 
in  mind. 

The  official  Aromatic  Elixir  b  flavored  with  orange  peel,  lemon,  cori- 
lodcr  and  anise.     This,  mixed  with  licorice,  constitutes  Elixir  Adjuvans. 

Glycerites  {Glycerittim^  U.S.P.;  Glycerinum,  BJ'.;  Clyc). — Solutions 
ta  glycerin.  Glycerin  is  a  good  solvent  for  many  substances.  It  keeps 
wQ.  and  is  useful  especially  for  external  application  on  account  of  its 
idhesivencss.  Glycerin  is  also  less  irritant  than  alcohol  and  devoid  of 
tltt  pharmacologic  action  of  the  latter  agent. 

ALCOHOLIC  SOLUTIONS 

Alcohol  is  a  specific  solvent  of  certain  substances  (volatile  oils,  alka- 
loids, resins).  In  prescribing,  these  should  not  be  mixed  with  an  aqueous 
iDhitioii.  Alcohol  is  also  a  good  preservative;  but  it  has  distinct  thera- 
p«utic  qualities,  which  may  or  may  not  be  useful. 

Spirits  (Spiriius,  genitive  Spiritus;  Sp.). — Alcoholic  solutions  of  vola- 
tile rtugs.  They  are  all  fairly  strong.  They  are  prepared  by  simple  or 
cbcmic  solution  or  by  distillation.  Flavoring  spirits  contain  10  per  cent, 
of  the  respective  volatile  oils.  Their  dosage  is  i  to  2  c.c,  15  to  30  mhiims. 
Spirits  other  than  flavoring  vary  in  strength  and  dose. 

PREPARATIONS  MADE  BY  EXTRACTION 


In  these,  only  a  part  of  the  crude  drug  is  dissolved.  They  comprise 
the  aqueous  Infusions  and  Decoctions;  and  the  alcoholic  Tinctures  and 
Fltiid  and  Solid  Extracts. 

Infttsums  {Infusum;  Inf.). — Aqueous  solutions  of  the  soluble  principles 
of  \'egetable  drugs,  obtained  by  brief  maceration  in  hot  or  cold  water. 
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Decoctions  (Decoctum;  Dec.) . — Analogous  preparations,  in  which 
the  ingredients  have  been  boiled  with  water  for  at  least  fifteen  minutes. 

Infusions  and  decoctions  are  especially  useful  when  it  is  wished  to 
extract  some  principle  which  is  more  soluble  in  water,  or  when  the  ther- 
apeutic effect  of  alcohol  or  the  mechanical  incompatibility  of  alcohol 
with  salts  is  to  be  avoided.  There  are  some  inconveniences  connected 
with  their  use:  They  take  some  time  to  prepare.  Like  all  watery  solu- 
tions, they  spoil  quickly,  and  must,  therefore,  be  made  fresh.  The  decoc- 
tion can  only  be  used  if  there  are  no  delicate  constituents  to  be  destroyed 
by  boiling. 

The  solvent  being  so  very  cheap  and  having  no  action,  it  is  usual  to 
make  decoctions  considerably  weaker  than  tinctures.  In  prescribing 
infusions  or  decoctions  of  potent  drugs,  the  proportion  should  always  be 
stated  by  the  prescriber.  When  the  strength  is  not  stated,  the  pharmacist 
is  supposed  to  use  5  per  cent,  of  the  drug.  The  dose  of  non-poisonous 
infusions  and  decoctions  lies  between  15  and  120  c.c.  (^^  to  4  ounces). 

Type  Formulas  (U.SJ*.). — Infusa. — 1,000  c.c.  of  boiling  water  are  poured  on  50 
Gm.  of  the  coarsely  comminuted  drug,  the  vessel  is  covered  tightly,  and  allowed  to 
stand  for  half  an  hour  in  a  warm  place.  It  is  then  strained  with  expression,  and  enough 
water  is  poured  through  the  strainer  to  make  the  infusion  measure  x,ooo  c.c. 

Decocta. — 50  Gm.  of  the  coarsely  comminuted  drug  and  1,000  c.c.  of  cold  water  are 
boiled  in  a  covered  vessel  for  fifteen  minutes,  cooled  to  about  40°C.,  strained  and 
expressed,  and  cold  water  added  through  the  strainer  to  make  the  decoction  measure 
x,ooo  c.c. 

Preservatives. — The  amount  of  preservative  which  must  be  added  to  a  watery  solu- 
tion to  insure  its  keeping  qualities  varies  with  its  nature,  and  in  the  same  direction 
as  the  ampunt  of  "extractive."  The  proportions  generally  necessary  are:  Alcohol, 
30  to  25  per  cent.;  glycerin,  xo  per  cent.;  sugar,  66  Gm.  to  too  c.c.  of  ^nished  product. 

A  bibliographv  of  the  deterioratioa  of  drugs  and  pharmaceutic  products  is  given 
by  Eberhardt  and  Eldred,  19x4. 

Tinctures  {Tinctura;  Tr.), — ^Alcoholic  or  partly  alcoholic  solutions  of 
the  useful  constituents  of  such  drugs  as  are  not  wholly  soluble  in  the  mens- 
truum. 

Exceptions  of  this  definition  are  tincture  of  iodin^  tincture  of  cHorid  of  iron,  and 
tincture  of  tolu^  in  which  the  solution  is  complete. 

The  drug-strength  of  the  tinctures  varies  from  0.4  to  50  per  cent.; 
but  those  containing  potent  drugs  conform  to  an  international  standard 
of  10  per  cent. 

The  tinctures  are  in  many  respects  the  most  useful  therapeutic  prepa- 
rations: The  dose  is  relatively  large  and  uniform  (about  2  to  4  c.c.  for 
the  non-toxic);  the  quantity  of  solvent  is  sufficiently  large  to  keep  the 
principles  in  solution;  the  use  of  heat  in  the  preparation  is  avoided. 

The  greater  number  of  tinctures  are  prepared  by  percolation;  a  few 
by  maceration.  The  menstruum  is  alcohol  or  alcohol  and  water;  acetic 
acid  or  glycerin  are  added  in  a  few  cases;  aromatic  spirit  of  ammonia 
is  used  in  the  ammoniated  tinctures. 

I^roe-process  for  Percolation  Tinctures  (U.SJ*.)* — The  powdered  drug  is  moistened 
with  the  menstruum,  transferred  to  a  percolator  without  pressing,  and  allowed  to  stand 
covered  for  six  hours.  It  is  then  packed  firmly,  and  menstruum  poured  on  to  more 
than  cover  the  powder.  When  the  liquid  begins  to  drop,  the  lower  orifice  of  the  per- 
colator is  closed,  and  the  maceration  prolonged  for  twenty-four  hours.  The  percola- 
tion is  then  allowed  to  proceed  slowly,  gradually  adding  sufficient  menstruum  to  the 
percolator  until  the  percolate  measures  the  required  volume. 


PHARMACEUTIC  PREPARATIONS 


33 


\       fori 


Type-process  for  Macention  Tinctures  fU.S.P.). — The  drug  is  macerated  in  a 
modcralely  warm  place  with  the  menstruum,  using  four-fifths  of  the  final  volume. 
Tliii  i^  continued,  with  frequent  shakinj;.  for  at  least  three  days.  It  tfi  then  Bltered, 
tbe  &Uer  beini;  washed  with  menstruum  sufficient  to  make  the  required  volume. 

DdamnaUti  iindurfs  are  tinctures  from  which  the  tanoin  has  been  removed  (as  by 
powdered  skin).     Tbcy  do  not  precipitate  with  iron  salts. 

EJkrrfoi  tinctures  are  made  with  ethereal  spirit,  a  mixture  of  7  parts  of  ether  and  j 
pirts  of  alcohol. 

Gmn  Tirulures. — Since  some  drugs  are  supposed  to  lose  part  of  their  activity  by 

drying  and  keeping,  a  class  of  tinctures  made  from  the  freshly  collected  green  drugs  has 

bna  utroduced  under  the  name  of  Tinctura;  Herbarum  Recentium.     The  directions 

art  111  macerate  500  Gm.  of  tbe  fresh  herb  with  1,000  c.c.  of  alcohol  for  fourteen  days, 

.s  and  filter.     These  preparations  arc  justly  unpopular.     They  are  of  very 

lit  ?.lrength,  since  the  natural  moisture  of  plants  is  variable.     Acain,  they  can 

U  prcpAfcd  only  in  the  localities  where  the  plants  are  native  and  where  there  often 

ire  Brt  nrltjihle  facilities  for  their  manufacture.     These  remarks  apply  equally  to  the 

,*  Sure.)  of  the  British  Pharmacopeia,  made  by  using  1  part  alcohol  and 

freshly  expressed  juice. 

V.iut»    .  inum:  Vinj. — These  are  tinctures  in  which  wines  have  been  substituted 

forilcohol.     They  have  a  more  pleasant  taste,  but  inferior  keeping  qualities,  and  are 

Yer>'  little  used. 

Aetta  {Actt.)  are  medicated  vinegars,  prepared  by  maceration  with  dilute  acetic 


FItiidextracts.  U.SJ>. ;  Liquid  Extracts,  BJ*.  (Fluidcxtractum;  FldexL— 
Esiradum  Liquidum;  Exi,  Liq.). — These  are  liquid  alcoholic  extracts, 
100  c.c.  representing  approximately  100  Gm.  of  the  drug.  The  men- 
struum is  in  certain  cases  modified  by  the  addition  of  glycerin,  acetic 
acid.  etc.  They  are  the  most  concentrated  fluid  preparations,  and  were 
wipposed  to  possess  considerable  advantages,  but  many  arc  of  doubtful 
vaJuc. 

Tbe  «tmple  ratio  of  drug-strength  has  no  special  advantAge  in  therapeutics,  and 
'  rious  abuses  such  as  the  practice  of  preparing  tinctures,  infusions,  etc., 
n  of  the  Buidextracts.    This  is  highly  reprehensible,  since  these  dilutions 
Urn  iiitiLr  materially  from  the  orthodox  preparations. 

Comtntration  may  sometimes  be  desirable  to  reduce  the  bulk  of  the  dose,  but  it  is 
Urn  -^  ,r,,|  at  the  cost  of  efficiency.  The  heat  wluch  must  necessarily  be  used  in 
ion  is  never  beneficial.  [Precipitates  arc  apt  to  form  on  standing,  and  while 
m  inactive  they  may  contain  the  active  principles.  They  arc  also  much 
Bfc'c  subject  to  precipitation  on  mi.xture  with  other  liquids,  and  the  dose  is  usually 
so  snail  that  they  require  some  such  admixture. 

Fluidexlracts  are  usually  prepared  by  percolation,  the  first  four-fifths 
of  the  percolate  being  set  aside^  the  remainder  evaporated  to  the  consist- 
Mc)'  of  a  soft  extract,  dissolved  in  the  reserved  portion,  and  menstruum 
added  to  make  the  required  volume. 

Type-processes  for  Fluidextracts. — The  following  are  described  by  the  U.S.P.: 
Tyft  ,!. — The  powdered  drug  is  moistened  and  macerated  with  the  menstruum  as 
doolhed  under  tinctures,  the  maceration  being  prolonged  to  forty-eight  hours.    The 
pcRobtion  is  then  started,  and  continued  by  the  addition  of  menstruum,  until  S50 
?c  of  percolate  have  been  collected  for  1,000  Gm    of  drug.     This  Is  reserved  and 
-itinued,  with  additional  menstruum,  until  the  drug  is  exhausted.     These 
-;■■>  arc  evaporated  to  a  soft  extract,  below  6o°C.,  dissolved  in  the  reserved 
.ij<j  diluted  with  menstruum  to  make  1,000  c.c. 
-  B, — This  is  employed  when  two  successive  menstrua  are  used,  the  first  con- 
lyccrin.  acid,  etc.     In  this  case,  the  powdered  drug  is  moistened  and  macerated 
6r»t  menstruum.    The  percolation  is  then  started,  and  continued  with  the 
iholi(   rrirtn-truum.     Otherwise,  the  process  is  identical  with  Type  A, 

i'\n<il  or  Divided  Percolalion. — This  is  used  for  drugs  containing  con- 

^  olatile  or  injured  by  heat.     It  may  also  be  used  in  place  of  Tvpe  A . 

divided  into  three  portions  of  500  Gm.,  300  Gm.  and  200  Gm.     The  first 

:(  moistened  and  macerated,  as  usual.    The  ftrst  300  c.c.  of  percolate  arc 
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reserved;  and  the  percolation  then  continued,  collecting  five  additional  portions  of  300 
c.c.  each. 

The  second  300  Gm.  portion  of  drug  is  moistened  with  the  first  300  c.c.  percolate 
of  the  preceding  percolation;  and  macerated  and  percolated,  as  usual.  The  first 
300  c.c.  of  percolate  are  reserved;  and  the  percolation  continued  with  the  succe^ve 
portions  of  the  percolate  from  the  first  drug,  until  exhausted.  These  weaker  percolates 
are  collected  in  300  c.c.  portions. 

The  third  200  Gm.  portion  of  the  drug  is  moistened  with  the  first  200  c.c.  percolate 
of  the  second  drug,  macerated  and  percolated  with  the  successive  weak  portions  of  the 
(>ercolate  of  the  second  drug,  until  500  c.c.  are  obtained.  This  is  mixed  with  the  reserve 
portions  of  the  two  first  drugs. 

Type  D. — In  this,  the  drugs  are  exhausted  with  water  and  preserved  by  the  subse- 
quent addition  of  alcohol.  1,000  Gm.  of  the  ground  drugs  are  mixed  with  5,000  c.c. 
of  boiling  water  and  macerated  for  two  hours.  They  are  then  transferred  to  a  per- 
colator, gradually  adding  boiling  water  until  the  drug  is  practically  exhausted.  The 
percolate  is  evaporated  on  a  water-bath  to  the  specified  volume.  It  is  then  cooled, 
and  sufficient  alcohol  added  to  make  1,000  c.c. 

Solid  Extracts  (Exiractum;  Ext.,  U.S.P.  Extractutn  Siccum;  Ext, 
Sice;  BJ^.). — Must  not  be  confused  with  the  fluidextracts.  They  are 
solid  or  semisolid  preparations  obtained  by  evaporation  of  solutions  of 
the  medicinal  principles  of  drugs.  Some  of  the  solid  extracts  are  dry, 
others  of  a  "pilular"  consistency,  i.e.,  like  a  pill-mass.  They  are  con- 
venient for  acfininistration  in  solid  form,  e.g.,  in  pills,  ointments,  plasters, 
etc.  Nearly  all  the  potent,  and  most  of  the  other,  extracts  are  adjusted 
to  four  times  the  strength  of  the  fluidextracts. 

**Powdered  Extracts"  are  dried,  and  mixed  with  sufficient  diluent 
(milk-sugar)  to  give  them  the  same  strength  as  the  solid  extracts.  Most 
extracts  are  prepared  by  percolating  and  subsequent  evaporation;  the 
last  and  weaker  portions  of  the  percolate  being  evaporated  first,  to  avoid 
the  deleterious  actions  of  prolonged  heat  on  the  main  portion.  Some  of 
the  extracts  are  obtained  by  evaporating  the  fluidextract.  The  men- 
struum is  sometimes  water,  or  alcohol,  or  a  mixture  of  both;  acetic  acid 
being  added  in  some  cases.  The  finished  product  is  assayed,  if  possible, 
and  adjusted  to  a  definite  standard  by  the  addition  of  sugar  of  milk. 

Artificial  resins  are  precipitates  obtained  by  mixing  alcoholic  solutions 
with  water.  Where  they  constitute  the  active  principle,  this  is  a  conven- 
ient method  of  isolating  it  in  a  concentrated  although  somewhat  impure 
form.  Their  strength  is  fairly  constant.  They  are  practically  identical 
with  the  eclectic  "resinoids." 

Oleoresin$  {Oleoresina,  Oleores),  are  extracts  containing  the  resinous 
and  oily  constituents  of  the  drug;  obtained  by  evaporating  ethereal,  acetone 
or  alcoholic  percolates. 

BiaXTURES 

Mixtures,  in  the  wider  meaning  of  the  word,  are  fluids  resulting  from 
the  mixture  of  fluids  with  other  fluids  or  with  solids.  They  comprise: 
Linimenta,  Misturae,  Emulsa. 

Liniments  (Linimentum,  Lin.). — ^These  are  solutions  of  irritant  drugs 
in  oily,  soapy  or  alcoholic  vehicles,  intended  to  be  rubbed  on  the  skin  as 
counterirritants. 

Mixtures  (Mistura;  Mist.). — In  the  narrow  meaning  of  the  term, 
these  are  generally  suspensions  of  a  solid  in  a  liquid,  sometimes  by  the 
use  of  a  gummy  substance;  for  heavy  pwwders  can  not  be  evenly  distrib- 
uted in  a  light  liquid  without  this  aid.  The  B.P.  also  includes  some 
emulsions  under  this  title. 
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mulsions  (Emulsum:  EmuL). — These  are  mixtures  of  a  milky 
appearance,  made  by  suspending  fats,  oils,  or  resinous  substances  in 
iqueous  liquids  by  the  intervention  of  some  vised,  usually  gummy, 
substance. 

The  object  of  emulsification  is  to  break  up  the  insoluble  oil  into  very 

le  particles  and   to  envelop  each  of  these  m  a  coating  of  the  emulsi- 

ig  agent,  which  will  keep  them  from  reuniting.*     This  allows  of  dilu- 

m,  of  the  admuture  of  other  substances,  and  it  facilitates  absorption. 

Milk  is  a  natural  emulsion  in  which  the  butter-fat  is  kepi  suspended  by  the  casein, 
riiuy  be  taken  as  a  t>-pc  to  which  artificial  emulsions  must  conform.     The  globules 
■X  be  uniform  and  of  about  the  same  s\zc  as  those  in  milk. 
Emulsions  may  be  divided  into  the  fullowing  classes: 
iSiil$iral  fmidhions,  such  as  are  found  ready  formed  in  nature.     Instances  of  these 
are  milk,  the  yolk  of  egg,  and  some  plant  juices. 

(^m-Ttsin  and  seed  emulsions;  that  is,  emulsions  made  from  such  substances  as  con- 
Iheir  own  emulsifier.     Examples  of  such  gum-resins  arc  ammoniac,  asafetida,  and 
The  drugs  are  reduced  to  a  coarse  powder  and  water  is  added  gradually.    Seeds 
tdi  yield  such  emulsions  are  popp^,  hemp,  and  almond. 

/n  artificial  emiUsiotis  an  emulsifier  must  be  added.  A  variety  of 
jubstances  may  be  used  for  this  purpose,  especially  gum  acacia,  traga- 
itli,  yolk  of  egg,  Irish  moss,  soap  bark,  and  extract  of  malt.  The 
ibstance  most  commonly  employed  is  gum  acacia.  This  emulsifier  is 
impatible  with  large  quantities  of  alcohol,  borax,  tincture  of  iron,  or 
cerin.  It  may  be  used  by  either  the  Continental  method,  where  a 
:us  is  first  formed  from  gum,  oil,  and  water,  and  to  which  the  remain- 
of  the  water  may  then  be  added,  or  by  the  English  method,  where 
I  mucilage  is  first  made,  to  which  the  oil  and  water  are  added  in  alternate 
small  portions. 


The  Corttinenl^  mrthod  descrx'cs  the  preference.  To  form  a  nucleus  there  should  be 
iu«!  lor  each  part  of  oil  ^  to  H  part  of  acacia  and  i  part  of  water,  ^tir  the  oil  with  the 
in  granular  powder,  then  add  the  water  at  once.  The  mixture  of  ihc  oil  and  the 
must  not  be  allowed  to  stand  too  long  before  adding  the  water,  otherwise  it  will 
4e.  In  the  English  method  the  acacia,  the  amount  of  which  should  be  half  that  of  the 
"il,  «  rubbed  up  with  an  equal  volume  of  water  and  then  small  portions  of  oil  and 
"ttrr  are  added  alternately.  Tf  this  addition  should  be  done  too  rapidly,  there  is  danger 
ttat  the  emulsion  will  separate  or  "crack."  This  does  not  necessarily  spoil  it.  for  it 
iMy  be  rc-cmulsionijted  by  adding  it  to  a  fresh  portion  of  acacia  and  repeating  the 

In  mnking  medicated  emulsions  the  ingredients  should  be  mixed  in  the  following 
"'  ' '  the  nucleus,  then  the  Savoring,  then  the  syrup,  and,  lastly,  the  water  an 
>  'Is  have  been  dissolved. 

<r.  1',-'  f'ntdsions,  the  yolk  of  egg  is  used  in  place  of  the  nucleus  in  the  Continental 

methijtt.     Tlie  yolk  is  triturated  in  a  mortar  and  the  oil  and  water  are  added  alternately 

in  -r-  nil  portions.    One  yolk  suflSccs  for  from  i  to  2  ounces  of  oil.    The  yolk  emulsions 

npatible  with  the  same  substances  as  gum  emulsions  and  do  not  keep  nearly 

\\&s  saponin  for  its  emulsifying  agent.  It  is  not  incompatible  with  any 
named  substances,  but  possesses  very  decided  therapeutic  properties, 
k'  its  use  in  many  cases.  It  is  used  in  the  prop^irlion  of  i  part  of  the 
I  arts  of  the  oil:  Place  the  tincture  in  a  dry  bottle,  add  the  oil  m  portions, 
'  r  each  addition.  Finally  add  the  water  Crude  saponin  (0,3:100  of  oil) 
nployed. 
>ri.iJl  emulsifies  its  own  weight  of  oil.     It  is  used  as  the  nucleus  in  the 

.liUs  may  also  be  used  for  emulsification,  unce  they  form  soaps,  but 
l^y  4iit  u^Uitily  not  desirable. 

01  &.  PhyMtal  signifiak.nce  uf  cinuUions. 
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SOLID  PREPARATIONS 

These  comprise  the  Powders  and  the  various  dosage  forms,  Pills,  etc., 
for  internal  use;  and  Ointments,  Plasters,  for  external  applications. 

Powders  {Pulvis;  Fulv.j  Gen.j  Ptdveris)  are  finely  powdered  drugs 
intended  for  either  external  or  internal  administration. 

When  intended  for  internal  use,  they  are  generally  folded  in  papers 
{chartula;  tkartul.).  It  must  be  borne  in  mind  that  hygroscopic  (deli- 
quescent) substances,  such  as  potassium  acetate  or  citrate,  can  not  be 
prescribed  as  powders,  nor  such  substances  as  become  a  fluid  when  mixed 
{e.g. J  camphor  and  chloral). 

In  making  compound  powders,  one  should  begin  with  the  smallest  ingredient  and 
add  the  others  in  the  order  of  their  amount,  triturating  thoroughly  after  each  addition. 
In  dividing  the  powder,  it  is  not  always  necessary  to  weigh  out  each  powder.  The  object 
is  often  accomplished  with  sufficient  accuracy  by  flattening  the  powder  on  a  piece  of 
paper,  squaring  off  the  edges,  and  dividing  into  a  number  of  equal  parts  by  means  of 
a  spatula.  In  the  case  of  more  bulky  powders,  such  as  Seidlitz  powders,  measures  are 
used. 

When  intended  for  external  use,  as  for  dusting-^ wders,  extreme  fineness  is  the 
main  desideratum.  They  should  in  this  case  be  mixed  with  a  spatula  and  not  in 
a  mortar,  since  the  former  insures  greater  smoothness. 

Triturations  {THiuratio;  Trit.). — These  are  powders  obtained  by  triturating  the 
active  substances  with  some  inert  material  such  as  sugar  of  milk.  Their  advantage 
lies  in  the  greater  ease  in  weighing  out  a  comparatively  large  amount  of  substance. 
When  no  special  directions  are  given,  triturations  are  made  of  a  strength  of  10  per  cent. 
The  trituration  of  elaterin  is  the  only  one  official. 

Eltosacchara  are  triturations  of  volatile  oils  with  sugar  in  the  proportion  of  1  :  30. 
They  are  used  for  the  purpose  of  flavoring  other  powders. 

Effervescent  {Ef.)  Salts. — These  are  dried  salts,  mixed  with  sodium 
bicarbonate  and  tartaric  acid,  etc.,  so  as  to  evolve  carbonic  acid  when  they 
are  dissolved  in  water.    This  aids  in  disguising  the  taste. 

DOSAGE  FORMS 

Pills,  capsules,  tablets,  lozenges,  cachets,  etc.,  are  used  to  divide  the 
drug  into  definite  doses,  to  avoid  the  inconveniences  of  dry  pwwders,  and 
to  reduce  the  bulk.  Care  must  be  used  in  prescribing  the  dosage  forms 
so  as  not  to  make  them  too  large  to  be  swallowed. 

The  administration  of  drugs  in  compact  solid  form  delays  solution  and 
absorption.  This  is  especially  true  of  old  pills,  in  which  the  excipient  may 
become  so  impervious  that  they  pass  unchanged  into  the  feces;  but  it 
applies  also  to  many  tablets.  A  mere  delay  in  solution  may  be  an  advan- 
tage if  an  intestinal  action  is  to  be  procured;  but  difiicultly  soluble  sub- 
stances (salol,  bismuth,  etc.)  should  not  be  administered  in  tiese  compact 
forms.     Corrosive  substances  are  also  unsuited  for  solid  administration. 

Pills  (Pilula;  Pil.y  ^.5.P.). —These  are  defined  as  spherical  or  elongated 
masses  of  medicinal  substances,  of  such  size  as  to  be  convenient  for 
swallowing;  that  is  to  say,  containing  up  to  5  gr.  (0.35  Gm.)  of  active  sub- 
stance. If  the  pill  is  of  larger  size,  it  is  called  a  bolm.  Very  small  coated 
pills  are  spoken  of  as  granules.  The  quantity  of  drug  in  the  official  pills 
is  adjusted  so  as  to  make  the  average  dose  two  pills. 

Pill-Masses  {Massa;  Mass.,  U.S.P.  Pilula;  PH.,  5J>.).— These  are 
soft  solid  preparations  of  such  consistency  that  they  can  be  formed  into 
pills. 

A  pill  consists  of  the  active  ingredient  and  of  the  eoccipient  (cohesive). 
In  order  to  make  pills,  the  substance  is  first  made  into  a  mass  by  means 
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this  cxcipicnt.  The  mass  must  be  sufficiently  soft  to  admit  of  mold- 
;,  but  on  the  other  hand  it  should  be  sufficiently  consistent  not  to  lose 
shape.    It  should  neither  harden  nor  soften  nor  crumble  on  keeping. 

The  quantity  of  drug  in  the  6. P.  pills  i»  adjusted  so  as  to  make  their  dose,  with  few 
cutptiimft,  O.J5  to  0.5  Gm.,  5  to  8  gr.  (The  exceptions  are  Pil.  Phosphori;  Pil.  Ferri; 
Pil.  Piumbi  c.  Opio;  Pil  Saponis  Co.). 

Exdpients. — Syrup,  glycerin,  acacia,  vegetable  extracts  (Extr.  Gen- 
iiw).  and  a  great  variety  of  other  substances  are  used,  according  to  the 
meters  of  the  active  drug.    The  choice  may  usually  be  left  to  the 

larmacist. 

iioist  ExfipUnis. — Glyccritc  of  acada  or  tragacanth,  thick  flour  paste,  glycerin, 
rup,  confections,  or  extracts. 

5("i?d  Excipients. — Acacia,  tragacanth,  starch,  althea.  licorice  powder,  soap. 
For  chemicals  which  are  destroyed  by  organic  substances  the  bestexcipicnt  is  formed 
4  roLcturc  of  petrolatum  and  kaolin. 

Absorptioii  Influenced  by  Excipients. — These,  being  colloidal,  all  delay  absorT>tion 
rhal.     For  iodid  pills.  Ricben.  1Q07,  found  the  greatest  delay  with  waxy  ana  oily 
ipicnL<i.  the  least  with  vegetable  extracts  and  syrups.    Silver-toil  coating  produced 
^tsittitjcnible  delay. 

Preparation  of  IHIls. — The  ingredients  are  first  triturated  to  a  fine  powder,     in 

lise  cn'MflUinc  salts  are  used,  these  must  be  desiccated.     The  excipient  is  then  added 

1'  "nail  portions  and  thorouRhly  trituniled  with  the  powder  until  the  proper  con- 

'  ^ttn..  V  i*i  obtained.     If  acfidcnliilly  too  much  cxcipicnt  is  added  this  can  be  remedied 

'  '  i 'ion  of  some  inert  powder,  such  as  starch,  gum  acacia,  or  powdered  licorice. 

having  been  formed  by  thorough  trituration,  it  is  placed  on  a  glass  or 

li)  marked  with  equal  divisions      It  is  well  to  put  a  little  dusting -powder 

■  M-  ^bib  to  prevent  the  moss  from  sticking  to  it.     The  best  duslingpowder^  are 

■j'  ii    lyropodium,  or  licorice,  according  to  the  color  of  the  pill-muss.     This  mass  is 

'■'■•-■  foiled  out  by  means  of  a  broad  spatula  into  a  cylinder  of  uniform  diameter,  and 

I   ■  -  rut  with  a  sharp  knife  into  the  requisite  number  of  equal  parts.     These  are  formed 

"t.  -phrricil  shape  by  rolling  them  between  the  thumb  and  the  first  two  fingers.     The 

-  i  h  :tj:.v  he  rendered  more  perfect  by  placing  the  pills  with  a  liberal  amount  of  dust- 

■:?  jJi/^vdcr  in  the  lid  of  the  pill  box  and  gently  rolling  them  with  the  ball  of  the  thumb. 

Pill-coatings. — Pills  are  often  coated  with  sugar,  gelatin,  chocolate, 
eic,  to  disguise  their  taste  while  being  swallowed.  The  coatings  tend  to 
interfere  somewhat  with  absorption. 

Tn  coating  with  sugar,  the  pills  are  moistened  n*itb  a  thick  s>'rup  and  rapidly  rotated 

^cd  in  a  current  of  warm  air  until  they  acc^uire  a  sufficiently  thick  coating  and  a 

iwh      The  latter  is  often  enhanced  by  a  httlc  wax.     For  a  gelatin  coating  they 

'  :nto  a  strong  hot  solution  of  gelatin,  which  is  allowed  to  harden  in  the  air. 

lesired  to  exclude  the  air  from  the  pills,  they  are  sometimes  varnished  by 

5  into  an  ethereal  solution  of  tolu.     This  is  the  official  preness  for  keeping 

l•il!^.     A  still  finer  polish  may  be  given  to  pills  by  coating  them  with  silver 

■  'lone  by  shaking  them  in  a  box  with  silver  foil. 

Enteric  Pills. — These  are  pills  coated  with  some  substance  (keratin, 

stearic  acid,  or  formaldchyd-hardencd  gelatin),  supposed  to  protect 

rum  the  gastric  juice,  but  which  dissolves  in  the  intestines.     They 

be  useful  when  the  drug  is  intended  to  act  only  after  passing  the 

-v-.....n.h.     Unfortunately,  they  fail  to  accomplish  their  purpose,  for  soluble 

dnig«i  diffuse  through  them  rapidly  (Linossier,  1911). 

tnproved  directions  for  tlie  salol-coating  of  pills  are  given  by  Peacock,  1915;  for 
tfouic  »cid  by  Toplis,  1915.  The  latter  claim*  that  the  stearic  coating  apparently 
hMAi  il4  purpose. 

Kmriin  in  protein  derived  from  horn,  goose,  quill,  etc.)  was  tried  extensively;  but 
Linsuitahle,  since  commercial  specimens  are  largely  soluble  in  artifict«l 
Puckncr.  191 1). 
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Farmaldehydized  Capsules. — These  are  prepared  by  immersing  the  ^ed  capsules 
in  water  containing  i  per  cent,  of  absolute  formaldehyd,  and  drying.  The  capsules 
should  become  insoluble  in  acid-pepsin  solution,  but  remain  soluble  in  0.5  per  cent, 
sodium  carbonate.  The  degree  of  msolubility  is  governed  by  the  duration  of  the  im- 
mersion. If  they  are  to  be  used  on  the  next  day,  the  immersion  should  last  six  minutes; 
but  these  will  have  become  quite  insoluble  in  the  carbonate  after  they  have  been  kept 
a  week.  With  immersion  of  thirty  seconds,  the  capsules  will  be  properly  hardened  only 
after  storing  them  for  two  weeks;  but  they  will  preserve  their  proper  solubility  in 
carbonate  for  one  year  (ScoviUe,  19x5). 

Capsules. — These  are  small  containers,  usually  of  gelatin,  intended  to 
be  filled  with  the  drug  and  swallowed.  Those  used  for  powders  are  hard, 
and  consbt  of  a  body  and  a  cap.  In  filling  these  capsules,  the  powder  is 
divided  into  the  requisite  number  of  parts,  forced  into  the  body  with  a 
spatula,  and  the  caps  placed  on.  Soft  capsules  are  used  for  oils,  etc. 
These  are  sealed  with  a  drop  of  melted  gelatin.  These  soft  capsules 
may  be  made  to  hold  as  much  as  4  Gm.  Hard  capsules  should  not  hold 
more  than  0.3  Gm.  or  at  most  0.5  Gm.  A  somewhat  larger  amount  may 
be  used  by  making  the  powder  into  a  pill-mass.  The  purpose  of  capsules 
is  to  disguise  the  taste  of  the  substance. 

Ci^adly  of  Capsules  for  Dry  Powders. — The  capsules  are  marketed  bv  numbers* 
which  have  about  the  following  average  capacity  (Caldwell,  1913);  probably  differing 
somewhat,  however,  for  the  various  makes: 


Capacity  in 

xDiniPttft 

Avenge  capacity  £<»-  most  powden 

Size  of  capsules 

In  grains 

In  grams 

3 

3 

I 

0 

00 

6-5 

8.4 

10. 0 

3-0 
4.0 
5  5 
7  5 
10. 0 

0.20 
0.25 

0.35 
0.50 
0.65 

Parke,  Davis  &  Co.  state  the  capacity  of  their  capsules  as:  No.  o,  I3  minims;  No. 
I,  9  minims;  No.  2,  6  minims;  No.  3,  4^^  minims;  No.  4,  3  minims;  No.  5,  2  minims. 

Pill-Masses  in  Capsules. — Capsules  can  be  made  to  hold  larger  quantities  of  powders 
when  these  are  made  into  pill-masses.  A  wax-mass  may  be  used  for  solidifying  creosote 
or  volatile  or  fixed  oils,  so  as  to  make  them  suitable  for  capsules.  Such  a  mass  may  be 
prepared  by  mixing  3  parts  of  castor  oil  with  x  part  of  melted  beeswax  (N.  S.  Davis, 
1910)- 

Wafers  are  thin  sheets  formed  of  a  dried  flour-paste;  in  which  the  powder  is  envel- 
oped. They  are  immersed  in  water  and  swallowea.  They  possess  the  advant^;e  that 
larger  quantities  of  the  drug  (up  to  i  Gm.)  may  be  administered. 

Cadiets  are  wafers,  molded  into  concave  circular  forms. 

Troches  or  Lozenges  {Trockicus,  Troch.). — ^These  are  made  by  punch- 
ing or  cutting  out  circular  or  oblong  disks  from  a  mass  made  up  from  the 
active  substance,  sugar,  and  mucilage  or  fruit  base.  These  are  then  dried 
in  the  air.  They  are  usually  intended  for  solution  in  the  mouth,  especially 
for  throat  medication. 

Tablets  {Tobella^  Tab.). — ^These  are  small  disks  composed  of  medicated 
powders.  Tablet  trituraUs  are  prepared  from  the  powdered  drug  and  milk- 
sugar  or  sugar,  made  into  a  paste  with  alcohol^  and  pressed  into  molds. 
Compressed  tablets  are  formed  by  strong  dry  compression.  These  forms 
are  used  similarly  to  pills,  and  dissolve  more  readily,  especially  the  tritu- 
rates.   By  suitable  choice  of  ingredients,  they  may  be  made  very  ac- 
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ceptable    to   children    (Tabella   Dulces,    *' Candy   medication"    Fantus, 
1912-19141. 

Vanabiiity  of  Commercial  Tables. — Commercial  tablets  arc  often  unreliable.  Varia- 
tiou  of  10  per  cent,  may  be  excusable,  but  Kebler,  IQ14,  found  that  nearly  a  &fth 
el  tiu  samples  bought  varied  by  30  per  cent,  or  more;  and  this  even  with  toxic 
nbittiices 

Hypodermic  tablets  are  similar  to  the  tablet  triturates,  especial  care 

being  exercised  to  secure  quick  solution. 

UmellK  (B  P)  (Lam.)  are  thin  gelatin  disks,  softened  with  glycerin,  and  impreg- 
•uttd  vrith  substances  acting  on  the  pupil.    They  are  intended  to  be  placed  under  the 

eyelkis. 

Suppositories  {Suppositorium,  Supp.). — These  are  suitably  shaped 
nuisstsof  solid,  medicated  usually  fatty  substances,  intended  for  introduc- 
tion into  the  rectum,  vagina,  or  urethra  (Fig.  a).  They  take  the  place  of 
(untments  for  local  treatment  where  these  can  not  be  readily  applied. 


ferent  fonna  of  supfXHitones  (H.  Blair).  Natiml  uu:  Tbe  lai^est  ts  for  u«e  m 
cylinder  is  k  urethral  suppocitory  or  bougie;  the  others  Hfe  various  ihapcs  and  sitei 
itories- 

Suppositories  are  made  by  incorporating  the  medicinal  substance 

to  a  suitable  base,  and  molding  into  masses  of  suitable  shape  and  siise. 

le  ideal  base  is  one  which,  whilst  solid  at  the  ordinary  temperature,  is 

jltcd  by  the  heat  of  the  body.    Such  is  cacao-butter  (Oleimi  Theobro- 

"'"V    Glycerinated  gelatin  or  a  soapy  base  is  also  sometimes  used, 

illy  with  urethral  suppositories  for  which  cacao-butter  would  be 

ittle.     Rectal  suppositories  are  usually  made  with  su&cient  base 

jh  1  or  2  Gm.;  vaginal,  4  Gm. 

Urethral  suppositories  are  pencil-shaped,  pointed  at  one  end,  and  measure  7  or  14 
.  -^riyhini?  j  or  4  Gm. 

L.i  suppositories  are  made  either  by  the  hot  or  cold  process.     The  hot 

1-15  in  melting  cacao-butter  at  a  temperature  not  exceeding  isT.  and 

tivc  substances,  then  pourinK  the  mixture  into  cold  molds.     In  the  cold 

-  live  substances  arc  irituralca  with  grated  cacao-butter  with  the  addition 

n   imaunt  of  castor-oil,  sufficient  to  make  it  into  a  suitable  mass,  which  is 

d  out  and  divided  as  for  pills.     They  may  also  be  formed  by  pressure. 
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Suppository  cafsuUs,  whether  of  gelatin  or  of  cacao-butter,  largely  defeat  the  object 
for  which  suppositories  are  employ^.  They  are,  however,  more  convenient  to  pre- 
pare than  the  suppositories,  and  may  sufl&ce  when  the  object  is  merely  internal  medi- 
cation. Glycerin  is  made  into  a  suppository  by  means  of  a  very  hard  soap  formed  from 
stearic  add  and  sodium  carbonate. 

Ointnents  (Unguentum,  Ung.)  are  soft  fatty  masses  intended  for 
external  application.    They  consist  of  the  active  ingredient  and  the  base. 

Ointments  are  prepared  by  fusion,  mechanical  admixture,  or  chemic  reaction* 
In  mixing  ointments  by  fusion,  that  constituent  of  the  ointment  which  has  the  highest 
melting-point  is  first  melted,  and  the  others  are  then  added  in  the  order  of  their  melting- 
points.  The  active  substance  is  added  last,  to  obviate  the  prolonged  action  of  heat 
upon  it.  The  mechanical  admixture  is  usually  done  on  a  slab  or  in  a  mortar.  It  is 
needless  to  say  that  powders  must  be  in  the  finest  stage  of  subdivision.  If  the  quantity 
of  powder  is  large,  it  is  usually  first  mixed  with  some  of  the  melted  ointment. 

Ointment  Bases. — The  base  of  ointments  is  formed  by  lard,  by  petrolatum,  by  wool- 
fat  (lanolin)  or  by  various  mixtures,  such  as  the  "simple  ointment,  consisting  of  4  parts 
of  lard  and  x  part  of  white  wax.  The  choice  of  the  base  depends  on  the  object  for 
which  the  ointment  is  employed,  whether  absorption,  protection,  or  local  action  is 
desired.  Petrolaium  (vasehn),  which  consists  of  the  less  volatile  parts  of  petroleum, 
is  simply  protective,  or  useful  as  a  vehicle  for  substances  intended  to  have  a  mere  local 
action,  since  it  is  not  absorbed.  Lanolin  (Adeps  Lame  Hydrosus)  consists  of  a  mixture 
of  cholesterin-like  substances  obtained  from  sheep's  wool.  It  does  not  become  rancid, 
and  mixes  with  its  own  weight  of  water.  This  latter  property  is  of  advantage  when 
it  is  desired  to  use  crystalline  salts  in  ointment  form,  since  these  can  be  incorporated  in 
the  form  of  solution,  making  a  much  smoother  ointment.  Lard  is  the  cheapest  ointment 
material;  but  it  rapidly  becomes  rancid.  This  tendency  can  be  diminished  by  the  in- 
corporation of  antiseptic  substances.  Official  Benzoinated  Lard  is  an  attempt  in  this 
direction. 

Emollient  or  soothing,  and  antiseptic  ointments  should  not  be  absorbed,  and  are, 
therefore,  best  made  with  petrolatum.  Stimulating  and  absorbent  ointments  are 
intended  to  penetrate,  and  therefore  require  lard  or  lanolin.  With  astringent  ointments, 
*  the  base  should  vary  according  to  the  intended  depth  of  action  (Corlett,  1910). 

Oleates  {Oleaium,  Oleat.). — These  are  solutions  of  metals  or  alkaloids  in  oleic  acid. 
They  are  used  similarly  to  ointments. 

Cerates  (Ceratumj  Cerat,). — These  are  preparations  similar  to  oint- 
ments but  made  of  a  firmer  consistency  by  the  addition  of  wax. 

Plasters  {Emplastrum;  Emp.). — These  are  made  by  spreading  on  a 
thin  cloth  or  leather  support  a  mass  or  base  which  is  hard  at  an  ordinary 
temperature,  but  is  softened  and  rendered  adhesive  at  the  temperature 
of  the  body.  They  are  applied  as  adhesive  or  for  counterirritation.  A 
rubber  composition  is  the  base  for  most  modern  plasters. 

Plasters  are  now  usually  obtained  from  manufacturers,  and  are  but  rarely  made 
to  order.  The  typical  old  plaster,  had  for  its  base  diachylon,  Burgundy  pitch,  or  other 
resins.  Diachylon  is  a  lead  soap  made  by  precipitating  soap  with  lead  acetate.  This 
alone,  or  with  the  addition  of  a  httle  rubber  and  petrolatum  forms  the  base  of  the  other 
official  plasters.  The  base  is  fused  and  the  active  ingredients  incorporated  into  it  by 
stirring. 

To  spread  the  plaster,  the  cloth,  cut  to  the  proper  size  and  shape,  is  tacked  on  a 
board  and  the  mass  is  heated  and  spread  evenly  with  a  trowel  or  spatula.  A  margin 
)^  in.  wide  must  be  left  to  allow  of  handling.  To  avoid  the  irritation  resulting  from  the 
confinement  of  the  secretions  of  the  skin,  plasters  are  now  frequently  made  porous. 
Isinglass  plaster  is  made  by  spreading  a  thick  solution  of  isinglass  on  silk. 

Chartae  are  medicated  papers,  i.«.,  pieces  of  paper  covered  or  impreg- 
nated with  a  medicinal  substance.  Charta  Sinapis  is  used  as  a  plaster, 
Charta  Potassii  Nitratis  for  fumigation. 

Collodia  {Collodiufftj  Collod.). — Solutions  of  pyroxylin  (gun-cotton) 
in  a  mixture  of  ether  and  alcohol,  or  in  acetone.  By  the  evaporation  of 
the  solvent  they  form  a  film  on  the  skin,  and  thus  act  like  plasters.  Col- 
lodia must  not  be  brought  near  fire. 
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Poultices  {Cataplasmay  CaiapL). — These  are  used  mainly  for  the 
purpose  of  supplying  heat.  Linseed  poultice  may  be  taken  as  a  type: 
It  is  prepared  by  pouring  a  cup  of  linseed  meal  into  2)4  cups  of  boiling 
water,  stirring  constantly.  The  mush  is  spread  thickly  on  a  piece  of  flan- 
nd,  folded  so  as-  to  form  a  sack,  and  applied  as  hot  as  can  be  conveniently 
borne.    Other  pasty  materials  (flour,  clay,  etc.)  are  also  used. 
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Insoluble,  except  those  of 
alkali  metals. 


It  is  well  to  have  a  general  idea  of  the  solubility  of  the  substances 
usually  prescribed.  The  subjoined  compilations  will  be  found  useful  in 
this  connection.  A  knowledge  of  analytic  chemistry  and  of  incompati- 
bilities can  be  utilized  here,  for  a  substance  appearing  as  a  precipitate  is, 
of  course,  relatively  insoluble. 

GENERAL   SOLUBILITY   OF   COMMONLY  USED   SALTS   IN   WATER 

L  Arranged  by  Adds. — 

Gioup  A :  Salts  Mostly  Soluble.— 

1.  Acetates  and  Nitrates:  all  soluble  (except  bismuth  subnitrate). 

2.  Halogen  group  (=  iodids,  bromids,  and  chlorids):  Soluble,  except 
Ag;Hg(ous);Pb;Bi. 

3.  Sulphates:  Soluble,   except   Pb,   Sr,   Ba;   Ca  sparingly   soluble. 

4.  Tartrates  and  Citrates:  mostly  soluble. 
(koap  B :  Salts  Mostly  Insoluble.— 

I.  Arsenates 
Ar seniles 
Carbonates 

Hydrates  (Ca  sparingly  soluble) 
Oxids 
Oxalates 
Borates 
Phosphates 
n.  Arranged  by  Base. — 

The  salts  considered  in  this  table  are:  Acetates  (Ac),  Halogens  (H), 
Oxids  (0),  Sulphates  (SO4),  Phosphates  (PO*),  Oxalates  (Ox),  Carbonates 
(COi),  Sulphids  (S),  Nitrates  (NOa),  Citrates  (Ci).  Hydrates  agree 
with  oxids. 

Those  of  the  above  salts  which  are  not  mentioned  with  the  respective 
base  are  insoluble. 

1.  Alkali  Metals  {--  Na,K,NH4):  all  soluble. 

2.  Lithium:  Soluble,  except  O  and  CO3,  sparingly  soluble,  and  PO4, 
insoluble. 

3.  Mg,  AU  Soluble:  NO3,  Ac,  H,  Ci,  SO4,  S. 

4.  Ca,  Ba,  Sr:  Soluble:  NO3,  Ac,  H,  Ci,  S;  sparingly:  O. 

5.  Z»,  Mny  Nij  Co,  Fe       1  Soluble:  NO3,  H,  Ci,  SO4  (mercuric  iodid 
Hg{iCj)  Cu,  Sn  J     is  insoluble). 

6.  ^g;  Soluble:  N03,S04. 

7.  Pb:  Soluble:  NO3,  Ac. 

8.  Bi,  Sb:  Only  soluble  in  form  of  double  organic  salts,  e.g.,  Bismuth 
and  Ammonium  Citrate;  Antimony  and  Potassium  Tartrate. 

9.  Mercurous:  Insoluble. 
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Strength  of  wateiy  solution,  in  which  commonly  used  salts  may  safely 
be  prescribed.  (It  must  be  remembered  that  where  several  salts  are 
pr^cribed  in  the  same  mixture,  the  solubility  of  each  b  apt  to  be  lowered.) 

The  following  table  gives  the  amount  of  very  commonly  used  drugs 
which  can  be  safely  prescribed  in  water  enough  to  make  loo  ex.  These 
should  be  memorized: 

50  per  cent,,  or  grams:  (=  3iv  in  water  q.  s.5j)  Tannin;  Antipyrin;  Ace- 
tate, Citrate,  Salicylate,  lodid  or  Bromid  of 
Potassium  or  Sodium;  AgNOa;  ZnS04;  Chloral 
Cocain  Hydrochlorid. 

5  per  cent.y  or  grams:  (=25  grains  in  water  q.s.  3  j)Alum;  Carbolic  Acid; 
Borax;  KClOa;  NaHCOsl  HgCU;  Tartar 
Emetic;  Quinin  Bisulphate;  Citrated  Caffein; 
the  majority  of  the  soluble  salts  of  alkalic^; 
earths,  and  metals. 
smaller  quantities:  Boric  Acid,  4;  Morphin  Sulphate,  4.5;  Quinin 
4  to  0,1  per  cent,  Hydrochlorid,    3;    Quinin    Sulphate,     0.13; 

Strychnin  Sulphate,  2. 

Solubility  in  Different  Media. — As  a  general  rule,  inorganic  sub- 
stances are  more  soluble  in  water  than  in  alcohol. 

Basic  alkaloids  are  insoluble  in  water,  more  soluble  in  alcohol. 

Alkaloidal  salts  are  soluble  in  either  alcohol  or  water. 

Gums  are  soluble  in  water,  insoluble  in  alcohol.  Resins  and  essential 
oils  are  the  reverse. 

(In  making  mixtures,  it  must  be  remembered  that  spirits,  tinctures, 
and  fluidextracts  all  contain  alcohol.) 

Glycerin  stands  intermediate  between  alcohol  and  water  as  a  solvent. 

The  following  substances  are:  Much  more  soluble  in  glycerin  than  in 
water;  Boric  acid,  alum,  phenol,  mercuric  chlorid. 

Terms  Used  in  Defining  Solubility. — The  following  terms  (Wilbert, 
1909)  are  employed  in  "Useful  Drugs"  to  describe  the  approximate  solu- 
bility, which  is  often  sufl&cient  for  prescribing.  Substances  that  are  solu- 
ble in  less  than  i  part  of  solvent  =  very  soluble.  From  i  to  10  parts  of 
solvent  =  freely  soluble.  From  10  to  100  parts  of  solvent  =  soluble. 
From  100  to  1,000  parts  of  solvent  =  slightly  soluble.  From  1,000  to 
10,000  parts  of  solvent  =  very  slightly  soluble.  From  10,000  to  100,000 
parts  of  solvent  =  nearly  insoluble.  More  than  100,000  parts  of  solvent 
=  practically  insoluble. 

Official  Solubilities.— The  U.S.P.  and  B.P.  state  the  solubility  of 
articles,  as  grams  of  substance  to  cubic  centimeters  of  solvent;  i.e,,  a 
solubility  of  1:10  means  that  i  Gm.  of  substance  requires  10  c.c.  of  sol- 
vent for  solution,  at  the  standard  room  temperature,  25'*C.,  77*'F.,  U.S. P.; 
iS-S°C.,  6o°F.,  B.P.  The  standards  given  in  this  book  are  those  of 
the  U.S.P.  In  percentage  solutions,  10  per  cent,  signifies  that  100  c.c. 
of  solution  contain  10  Gm.  or  c.c.  of  the  substance. 


INCOMPATIBILITY 


This  is  a  subject  usually  very  confusing  to  the  student,  since  it  consists  of  what 
appears  at  first  sight  a  vast  array  of  details.  However,  it  rests  only  upon  an  applica- 
tion of  the  ordinary  chemic  reactions,  and  when  the  latter  have  been  mastered,  the  sub- 
ject is  comparatively  easy  and  simple.  It  may  be  laid  down  as  a  general  rule  that 
substances  are  incompatible  if  they  are  used  in  testing  for  each  other  or  if  they  form  antid^ttes. 
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In  the  following  compilatioo  it  has  been  attempted  to  armngc  the  incompatibilities 
Into  general  groups 

In  this  gcneraUzation.  it  is  not  feasible  to  take  account  of  IndiNadual  exceptions. 
Caxc  ba5  been  taken  lu  err  on  the  safe  side.  It  b  much  more  important  fur  the  physician 
to  icmember  that  mercuric  chlond  is  generally  incompatible  with  alkaloids,  than  it  is 
to  kflow  that  it  may  be  prescribed  with  some. 

Definitions. — Incompatibility  is  said  to  exist  when  the  constituents  oj 
a  mixture  inUrJere  with  one  another  in  a  way  not  intended  by  the  prescriber. 

n  an  interference  is  intentional,  it  is  called  an  intentional  incompatibility. 

If  a  chemical  change  occurs,  the  incompatibility  is  called  chemical. 

When  it  consists  in  a  precipitation  of  the  substance  by  a  change  in 
the  solvent,  or  when  a  chcmic  incompatibility  does  not  interefere 
with  the  active  substance,  but  produces  an  luisightly  appearance^  the 
incompatibility  is  pharmaceutic. 

If  the  interference  is  with  the  solubility,  or  if  liquefaction  or  deliques- 
cence occurs,  the  incompatibility  is  mechanic. 

When  without  causing  any  chemic  changes  it  interferes  with  the 
phyaologic  action  of  the  ingredients,  it  is  therapeutic, 

Chemic  Incompatibility.— This  may  result  in  explosion,  precipitation, 
or  the  pnxiucljon  of  new  substances  with  undesired  properties. 

Explosives. — Powerful  oxidizing  agents  are  apt  to  explode  when  mbced 
in  concentrated  form  with  easily  oxidizable  substances. 

The  most  important  oxidizing  agents  are:  chromic  acid;  concentrated 
nitric  acid  and  nitrates:  permanganates;  chlorates:  peroxids. 

The  most  important  oxidizable  substufues  are:  All  organic  substances; 
Sulphur,  sulphids,  sulphites,  and  hyposulphites;  lodin  and  iodids;  Phos- 
phorus, phosphites,  and  hypophosphiles;  Reduced  iron. 

Explosions  may  also  result  from  mixing  iodin  with  ammonia  or  turpen- 
tine; and  chlorin  with  ammonium  chlorid. 

Explosions  occur  only  when  the  substances  are  dry  or  at  least  con- 
centrated, and  when  they  are  heated  or  percussed. 

Dilute  solutions  may  be  mixed  without  danger  if  not  heated.  Glycerin, 
pbcnol,  and  in  some  cases  alcohol,  behave  like  dry  solids. 

Permanganate  of  potash  or  chromic  acid  or  nitrate  of  silver  decom- 
po« organic  substances  even  in  solution,  but  in  this  case  without  explosion. 

Pnaders  may  be  mixed  without  concussion,  but  even  this  should  be  avoided,  since 
temfilians  favorable  to  explosion  may  arise  after  they  leave  the  hands  of  the  dispenser. 

PUli  containing  these  easily  decomposed  substances  arc  best  made  ^^ith  inorganic 
esopicol  (clay  and  vaselin). 

^bstances  containing  loosely  combined  0T>'gen  may  explode  on  concussion  or 
facilSsg  when  no  reducing  substanccf;  have  been  added;  this  is  due  to  their  containing 
<5ast  or  other  organic  matter.     They  should  therefore  be  bandied  with  care. 

Gradual  Evolution  of  Gas. — This  occurs  especially  on  mbcing  acids 
with  carbonates  or  sulphids;  also  when  mixing  strong  acids  with  alcohols 
{=  "-"T^  I.  or  with  chlorate  (=  CI);  also  on  mixing  strong  HCl  and  HNO». 
1  yd    effer\'esces  copiously    with  oxidizing  substances,  even  in 

wjijiH-Ti  '  iiydrogcn  peroxid). 

Incompatibility  by  Precipitatioii. — Alkalies  precipitate  earths,  metals 
*nd  alkaloids  from  their  salts.  Under  alkalies  may  be  included  oxids, 
hydfQjdds,   carbonates,   phosphates,    borates,   arsenates   and   arsenites. 

CkUrids,  bromids  and  iodids  precipitate  salts  of  Ag,  Pb,  and  some 
alkaloids.     lodid  also  precipitates  mercuric  salts,  redissolving  in  an  excess. 

Sulfkaies  precipitate  Pb,  Ca  and  the  other  earthy  metals^  except  Mg. 
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Salicylates^  phenol  and  tannin  precipitate  or  color  iron  salts.  Tannin 
also  precipitates  most  other  metals,  alkaloids,  and  some  glucosids  and 
neutral  principles.     Salicylates  precipitate  quinin. 

Salts  of  metals  are  precipitated  by  alkalies,  sulphids,  tannin  and  pro- 
teins. They  precipitate  some  alkaloids  and  acacia.  Mercuric  salts  are 
often  incompatible  with  other  metals.  Silver  and  lead  salts  are  precipi- 
tated by  chlorids,  bromids,  and  iodids.  Silver  salts  are  also  incompatible 
with  organic  substances.  Iron  salts  are  colored  by  tannin,  salicylate  and 
phenol. 

Calcium  salts  are  precipitated  by  alkalies,  phosphates  and  sulphates; 
Magnesium  salts  by  alkalies  and  phosphates. 

Alkaloidal  salts  and  synthetic  bases  (antipyrin,  etc.)  are  precipitated 
by  alkalies,  tannin,  iodin,  potassium-mercuric  iodid,  and  some  by  iodids 
or  metallic  salts. 

Acacia  is  precipitated  by  alcohol,  borax,  Tr.  Fern  Chlor. 

Production  of  Substances  with  XTndesired  Qualities. — Iodids  liberate 
iodin  on  the  addition  of  acid  and  oxidizing  agents,  including  H2O1,  ni- 
trites, salicylic  acid,  etc.  They  oxidize  mercurous  to  the  dangerous 
mercuric  salts^  ' 

Chlorates  liberate  chlorin  with  concentrated  acids. 

Chloral  liberates  chloroform  with  alkalies. 

Glucosids  (J.i.j  glycyrrhizin)  are  destroyed  by  acids. 

Pharmaceutic  Incompatibilities. — Alcohol  should  not  be  added  to: 

Acacia,  gelatin,  proteins,  emulsions,  strong  salt  solutions. 

Water  should  not  be  added  to: 

Alcoholic  liquids  in  general  (such  as  tinctures,  spirits,  fluidextracts, 
with  some  exceptions) ;  or  to  ethereal  liquids  (oleoresins),  or  oils. 

(Phenol  should  not  be  mixed  with  collodion.) 

Liquefaction  occurs  when  chloral  is  rubbed  with  camphor,  menthol^ 
phenol,  salol,  etc.  Any  of  these,  when  rubbed  together,  or  with  coal-tar 
antipyretics,  are  apt  to  liquefy. 

Especially  Incompatible  Drugs. — ^The  following  are  most  likely  to  ^ive 
incompatibilities,  and  any  combinations  should  therefore  be  scrutinized 
with  special  care:  Acids,  alkalies  and  carbonates;  permanganates;  iodids. 
Mercury,  iron,  silver  and  lead  salts;  tannin;  alkaloids. 

METROLOGY 

A  ready  working  knowledge  of  weights  and  measures  is  indispensable 
in  prescribing. 

Formerly  every  country,  even  ever>'  State,  and  some  cities,  had  their  own  system 
of  weights  and  measures,  resulting  in  endless  confusion  and  loss  of  time.  This  state  of 
affairs  still  exists  to  some  extent.  In  the  United  States  and  Great  Britain  no  less  than 
five  different  systems  are  in  common  use.  It  is  a  hopeful  sign  that  the  United  States 
and  British  Pharmacopeias  and  the  U.  S.  government  medical  services  employ  the  metric 
system.  This  system  originated  in  France  near  the  close  of  the  i8th  century.  It  has 
been  adopted  in  science  to  the  exclusion  of  all  others,  and  possesses  a  number  of  ad- 
vantages which  should  cause  all  other  systems  to  be  discarded.  This  is  the  ultimate 
tendency,  and  the  student  is  urged  to  learn  the  doses  and  practice  prescription-writing 
in  the  metric  system.  Since,  however,  the  common  systems  are  still  used  in  many 
hospitals  and  journals,  these  must  also  be  mastered,  and  the  conversion  of  the  systems 
practiced. 

The  Metric  System. — ^This  is  based  on  the  decimal  system,  and  has  for 
the  unit  the  measure  of  length,  the  meter  (M.). 
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This  was  intended  to  be  a  natural  unit,  vu.,  the  ten-miUioiiLii  part  of  the  distance 
from  the  pole  to  the  e<^uator  of  the  earth  at  a  particular  meridian.  Subsequent  measure- 
ments have  given  a  shghtly  di£Eerent  value  to  this  distance.  The  meter  is  therefore  an 
arbitrary  standard — the  length  of  a  platinum  bar,  the  original  of  which  is  preserved  in 
Paris. 

The  meter  is  divided  into  10,  100,  and  1,000  parts,  called  respectively 
decimeter  (dm.),  centimeter  (cm.),  and  millimeter  (mm.).  The  thou- 
sandth part  of  a  millimeter  is  a  micron  (m). 

The  contents  of  a  cube  whose  edges  measure  a  decimeter,  or  10  cm.,^ 
form  the  unit  of  capacity,  the  liter  (L.)  The  thousandth,  part  of  this  is  a 
cubic  centimeter  (c.cm.,  or,  briefly,  c.c;  also  termed  a  "milliliter"  or 
"mil").  The  unit  of  weight  is  given  by  the  weight  of  a  liter  of  distilled 
water  at  4^C.  in  vacuo:  this  is  the  kilogram  (Kg.)-  A  thousandth  part  of 
thb  is  a  gram  (Gm.).  A  quantity  ten  times  the  unit  is  expressed  by  pre- 
fimg  the  Greek  numeral  Deca;  one  hundred  times,  Hecto;  one  thousand 
times,  Kilo.  The  tenth  part  of  the  unit  is  expressed  by  prefixing  the  Latin 
numeral  deci;  one-hundredth,  centi;  one-thousandth,  milli. 
Thus: 

1,000  Gm.  "  Kilogram 

zoo  Gm.  «=  Hectogram 

xo         Gm.  s  Decagram 
X  Gm.  »  Gram 

0.1       Gm.  «  ded^m 
o.oi     Gm.  »  centigram 
o.oox  Gm.  =  milligram 
o.ooi  mg.  -  Microgram  (7) 
o.ooo>oot  mg.  '-  micromilligram  (n  mg.) 

In  quantities  including  several  denominations  only  one  unit  is  used: 
thus,  1.234  Kg.  would  be  read  as  1,234  Gm.;  0.0002  Gm.  as  2mg.,etc. 
The  quantities  are  always  denoted  by  Arabic  figures  placed  before  the 
appellation.     Fractional  parts  are  always  converted  into  decimal  fractions. 

In  continental  Europe  the  liquid  measure  is  very  little  used  in  pharmacy,  liquids 
being  usually  weighed. 

UimUter. — The  B.P.  designates  the  cubic  centimeter  as  milliliter,  and  emplojrs  the 
following  divisions  and  abbreviations.  Their  use  does  not  seem  advisable,  as  they 
tend  to  introduce  complications  and  confusions  that  may  retard  the  final  adoption  of 
the  metric  system.  j— --^ 

Liter  (Lit.)               =  x,ooo        Gm.  of  water  at  4®C. 

Milliliter,  Mil,  Ml.  «  i        Gm.  of  water  at  4°C. 

Decimil,  Dl.             =  o.  i    Gm.  of  water  at  4°C. 

Centixnil,  CI.            =  o.ox  Gm.  of  water  at  4°C. 

Common  Systems  of  Weights  and  Meastires.* — ^The  denominations  are 
the  following: 

APOTHECARIES'  OR  TROY  WEIGHT 
(used  in  prkscriptions) 

Grain  (gr.) 

[Scruple  O)  -  20  gr.J 

Dram>(3)  [  =    33!    =       60  gr. 

Troy  ounce    (5)     =    85      =      480  gr. 
[Troy  pound  -  laj     -  S»76o  gr.] 

(5  j  of  water  under  standard  conditions*  measures  504.83  minims.) 

*  Some  authcTTS  begin  all  the  abbreviations  with  capitals;  others  employ  capitals  for  the  units; 
mm.  liter  and  meter,  and  their  multiples;  and  small  letters  for  fractions  (as  in  the  above  Lists). 
The  latter  plan  haa  somt;  advantages. 

s  Those  in  square  brackets  are  practically  obsolete. 

*  Also  spellea  drachm. 

*  At  4**C.  and  in  vactw. 
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AVOIRDUPOIS  OR  IMPERIAL  WEIGHT 
(a  systbu  used  in  commerce) 


X 


Grain  —  same  as  Troy  grain. 

Ounce  (02.)  =  43  7  H  grains. 

Pound  (lb.)  =        16  oz.  =  7,000      grains. 

Ton  =   2,000  lb. 

UNITED   STATES  APOTHECARIES'   OR  WINE   MEASURE 
(used  in  united  states  for  both  prescription  and  commercial  purposes) 


Minim  (HI  or  min.)  (approximately  equal  to  i  drop  or  to  i  grain  of  water — more  exactly, 
0.9s  griin). 

Fluidram  (fl  3)  =*  6oin. 

Fluidounce  (flj)  -    8  fi  3  =*  48oT1l  (flj  j  of  water  under  standard  con- 

ditions' weighs  456^  grains). 

Pint  (pt.,  or  OcUrius,  O)         =  16  flj    =  7,68oTTl. 

Quart  (qt.)  =  2  pts.     -  32  fl  5. 

Gallon  (gal-»  or  Congius,  C)  ==  8  0        =  128  fl  5  =  6i,44olH- 
A  gallon  holds  231  cubic  inches. 

Another  system  of  liquid  measure  is  in  use  in  Great  Britain,  and  must 
not  be  confused  with  the  American  system.    It  is  the 


IMPERIAL  MEASURE 

united  states  system 

Minims  (min.) 
Fluidrachm  (fl.  dr.) 
Fluidounce  (fl.  oz.) 
Pint  (0) 
Gallon  (C) 

=  60  min. 
=    8  drachms 
-  20  fluidounces 
=«*    8  pinU 

0.96  ni 
=  0.96  fl  3 
«  0.96  fl  5 
=  I.20 
=  I.2C 

In  writing  the  apothecaries'  measure  in  prescriptions,  the  figures  are 
written  in  the  Roman  system  and  placed  after  the  appellation.  Thus, 
gr.  XX,  not  20  gr.  The  ones  are  always  dotted,  and  the  last  one  is  formed 
like  a  j:  thus  Zu],  5  vj,  etc.  The  fl.  before  the  sign  is  often  omitted  with 
liquids. 

Fractions  are  written  as  common  fractions:  gr.  }4.Qj  i^ot  gr.  o.i. 

Popular  Measures. — These  are  formed  of  utensils  commonly  found  in 
the  household,  and  are,  of  course,  inexact.  They  should  be  displaced  by 
graduated  medicine  glasses,  which  can  be  obtained  cheaply.  Spoons  are 
supposed  to  be  filled  so  that  the  fluid  stands  level  with  the  rim. 

The  usually  accepted  equivalents  of  these  measures  are: 

I  drop  (gtt.) 

I  teaspoon 

X  dessertspoon 

I  tablespoon 

z  wine-glass 

I  tea-cup 

I  tumbler 

I  knifepointful  (tableknife)       =  15  to  30  gr.        =  1 .0  to  2.0  Gm. 

» At  4'*C.  and  ffi  vacuo. 

'The  sixe  of  a  drop  varies  according  to  the  nature  of  the  fluid  and  of  the  container;  there  may 
be  from  so  to  150  to  a  fluid  drachm.  The  International  Protocol  authorised  a  standard  dropper, 
designed  to  deliver  exactly  30  drops  per  cubic  centimeter  of  water. 

•  Really  from  W  to  2  fl  5- 

*  As  a  matter  01  fact,  the  actual  capacity  of  teaspoons  averages  5  c.c,  when  filled  level  (Wilbett. 
190s). 


I  minim* 

= 

0.05  c.c. 

ifl  5» 

= 

4  ex.* 

2fl3 

= 

10  c.c. 

4fl5  (H5) 

= 

IS  c.c. 

2fl5 

= 

SO  c.c. 

4fl5 

= 

X2S  c.c. 

8fl  5 

3S 

200  c.c. 
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Advantages  of  tbe  Metric  System. — These  will  now  be  manifest. 

1.  The  metric  system  is  widely  used,  and  is  understood  throughout  the 
civilized  world. 

2.  There  is  a  simple  relation  between  linear,  solid,  and  liquid  measures. 

3.  The  decimal  feature  simplifies  multiplications,  since  only  a  change  of 
a  decimal  point  is  required  to  change  one  denomination  into  another.  It 
is  also  much  easier  to  write  the  quantities.'  Calculations  involving 
specific  gravity  are  also  much  more  easily  made. 

4.  llie  adherents  of  the  common  system  claim  that  it  is  more  conven- 
ient for  dosage.  There  may  be  some  truth  in  this,  for  the  grain,  minim, 
and  dram  happen  to  be  more  convienient  doses  than  the  gram  or  cubic 
centimeter.     This  advantage,  however,  is  insignificant. 

Equivalents  of  Metric  and  Common  Systems. — ^Doses  and  formulas 
may  be  calculated  from  one  system  into  the  other.  For  this,  it  is  only 
necessary  to  remember  that  i  Gm.  =  15.4  gr.  However,  this  always 
entails  tie  possibility  of  some  error  in  reckoning,  which  may  have  serious 
consequences.  The  student  is  therefore  advised  to  learn  the  dosage 
in  both  S3r5tems,  and  to  construct  prescriptions  directly  in  whichever 
system  is  chosen.  If  a  transposition  must  be  made,  the  foUowing  approxi- 
mate equivalents  (which  should  be  thoroughly  memorized  and  practiced) 
are  sufficiently  exact  for  prescription  purposes;  and  being  simpler,  they  are 
less  apt  to  lead  to  arithmetical  errors,  than  the  exact  equivalents. 


APPROXIMATE  EQUIVALENTS 


tGm. 

ICC. 

[  Dulligrani 
I  liter 
iKik^ram 


>  —15.5  grains  or 

=  J^4grain 

«  I  quart  (  +  ). 

«  2.2  lb. 


I  grain  or  minim  »>  0.065  G™-  or  c.c. 

I  dram  -    4o(  -  )  "  "" 

I  ounce  «    30.0  (  -  )"  •'" 

I  pint  »    o.  5  Liter  (  —  ) 


Dosage  Equivalents. — In  memorizing  "average  doses"  even  this  de- 
gree of  approximation  is  needlessly  complicated.  The  following  table 
gives  the  most  convenient  figures: 


Abgvei 

Above  1$ 

0.1  la  Q.J$ 

i>S  to  la 

» to  30    i    H 

fltSl 

Below  3 

Below  H9 

Gm. 

gr. 

Gm. 

er. 

ma.      1 

Hr. 

ma- 

1 

ST. 

iSo 

UjS) 

1 

0.750 

{11  gr.) 

0 . 050          \ 

I) 

Q    0015 

SH° 

IM 

(4  5) 

18) 

0.500 

(8) 

0.03a            i 

H) 

O.OOI 

(.Hq: 

^s 

D.JOO 

is) 

0.015             * 

0,00075 

'S 

Uz) 

0.  350 

C4) 

O.OIO                 ^ 

H) 

a.0005 

(kla) 

10 

UHZ) 

0.200 

(3) 

o.ooS           1 

H) 

0.0004 

(Kflo) 

4 

(I  5) 

0-150 

uw 

0  005           ^ 

H2) 

0,0003 

(^ooJ 

J 

(45  gr) 

(30  P-) 

0.115 

i^\  . 

0.004           ^ 

\i^l 

0.00025 

^ao 

2 

'      0.100 

UH) 

0,003           1 

Hfl) 

Cl,{»02 

^^'^ 

I 

(IS  ST. 

1 

'     0.001           1 

H^) 

0,00015 

(Ktto) 

'An  example  will  make  this  clearer:  Take  40  Gm.:  in  the  United  States  system  this  must  be 
written  Sj  3'j  KT.  xvij.  Should  it  be  necessary  to  calculate  five  times  this  quantity,  one  multi- 
plication will  suffice  with  the  metric  system:  S  X  40  -  aoo  Gm.  But  with  the  Apothecaries' 
fystem.  the  operation  would  be  much  more  complicated: 

5  X   8i  5ij  gr.  xvij  -   5v  5x  gr-  Ixxxv 
This  must  be  reduced: 


|v-,v 


SJ 


gr.  Ixxxv  — 


5'J 

3jgr. 


Answer  —   Rvj  3"j  8t-  xxv 
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EXACT  EQUIVALENTS 

SPACE 

I  meter  =  39. 370  inches. 

=  3  ft.  3.370  Inches. 
■"  I  yd*  3-370  inches. 

I  inch    —    0.0254  M.  —  2.54  cm. 
I  ft.       =*  30.227  cm. 
I  yd.      =  91.440  cm. 

CAPACITY  (United  States) 

I  c.c.  =  16.23    lU. 
iL.     «  33.8x5^5. 

-    2.113  pts. 

«    0.2643  gal. 

I  TTl       =    0.06161  c.c. 
ifl3     =    3-7       c.c. 
^  I  fl  5     =  29-574   c.c. 
I  pt.      -    0.4731  L. 
1  gal.     -    3- 7854  L. 

CAPACITY  (British) 

I  L.     «  1 .  760   pints. 
-  0.2209  gallons. 

I  pint         =  0.5679  L. 
X  gallon       -»  45435  L. 

WEIGHT 

I  mg.  =  Ha           gr. 
1  Gm.=  15.432      gr. 

=  0.03527  oz.  Av. 

-  0.03215  5  Troy. 
I  Kg.  "  2 .  2046  lb. 

1  gr.            "«  64.8  mg.  «  0.0648  Gm 
I  3              -    3-888  Gm. 
I  oz.  Av.     ==  28.349s  Gm. 
1  5  Troy    -  31.1035  Gm. 
1  lb.            =  0.4536  ^* 

GENERAL  TOXICOLOGY 

Toxicology  is  the  science  of  poisons.  The  details  of  the  actions  and 
symptoms  wUl  be  considered  in  connection  with  the  individual  poisons; 
but  certain  matters  of  general  application  may  be  discussed  here. 

Definition  of  Poison. — A  poison  (from  potion,  a  draught),  by  the  broad- 
est definition^  is  a  substance  the  administration  of  which  is  injurious  to 
health.  However,  injurious  mechanical,  physical,  or  bacterial  agencies 
are  not  commonly  classed  as  poisons;  nor  are  the  substances  which 
produce  injurious  effects  only  in  very  large  doses  (say  over  50  Gm.). 
It  is  very  difficult  to  give  a  definition  which  will  not  be  ambiguous  in 
some  cases  (see, /.t.,  the  collection  of  definitions  by  Murray  and  Frame, 
1914).  The  following  covers  most  of  the  points  which  must  be  con- 
sidered in  classing  a  substance  as  a  poison: 

A  poison  is  any  substance  which,  acting  directly  through  its  inherent 
chemic  properties,  and  by  its  ordinary  action,  is  capable  of  destroying  life, 
or  of  seriously  endangering  health,  when  it  is  applied  to  the  body,  exter- 
nally, or  in  moderate  doses  (to  50  Gm.)  internally. 

Etiology  of  Poisoning. — Poisoning  may  result  through  criminal  or 
suicidal  intent,  or  through  accident. 

The  statistics  of  the  relative  frequency  of  the  difiFercnt  forms  of  poisoning  vary 
from  year  to  year,  and  with  each  country.  A  classified  list  of  deaths  from  poisoning  in 
the  U.S.  registration  area  is  given  by  Wilbert,  1916.  Suicidal  poisoning  is  probably  the 
most  frequent,  neady  a  half  of  the  suicides  in  the  United  States  being  due  to  poisoning. 

It  is  calculated  that  here  five-sixths  of  all  suicidal  cases  are  due  to  phenol.  Ther« 
is,  however,  a  fashion  in  poisons,  as  in  other  things.  This  is  greatly  fostered  by  the 
notoriety  which  the  newspapers  often  give  to  these  cases. 
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Symptoms  of  Poisoning  and  Classification  of  Poisons.— 5u^^i4m  oj 

poisoning  Ls  aroused  if  a  person,  previously  in  good  health,  manifests 
rather  suddenly  marked  pathologic  symptoms,  which  become  rapidly 
worse.  The  suspicion  becomes  more  firm,  if  the  phenomena  appear  a 
short  ume  after  swallowing  some  substance  which  may  perhaps  have  an 
unusual  odor  or  taste;*  if  they  agree  in  character  with  those  produced  by 
some  group  of  poisons,  and  if  they  do  not  agree  with  any  other  disease. 
Symptomatic  Classification  of  Poisons:  The  following  classes  are 
generally  recognized. 

I.  Ifrftmts.— These  produce  inflammation;  if  they  arc  taken  by  the  mouth,  IhcTC 
ispiio  throughout  the  alimentary  canal,  vomiting,  purging,  delirium,  coma.  So  many 
pQbon»  arc  to  some  c\tent  irritant,  that  these  symptoms  are  ver>*  commonly  present. 
TV  irrilanLs  can  be  subdivided  into  corrosivest  wnich  produce  direct  destruction  of 
thBu<s;and  simple  irritants.,  which  do  not.  If  corrosives  arc  taken  by  the  stomach,  the 
tDimlit  often  bloody. 

%*  Nerve  Poisons.^Thcsc  act  on  the  neuromuscular  apparatus,  and  include  most 
o(  the  poisons  which  are  fatal  in  minute  doses.  They  are  suudivided  into:  Convulsants, 
•hkh  cause  spasms;  Soxnniftciexits,  causing  sleep  and  coma;  and  Cardiac  poisons, 
rticb  Hop  the  heart. 

y  fitood  Poisons. — Those  which  alter  the  hemoglobin  or  blood  corpuscles.  These 
bchHlc  the  toxic  gases,  the  nitrites,  etc.     Their  action  is  generally  cnaracterized  by 

Il  must  not  be  supposed  that  the  action  of  a  poison  is  confmed  generally  to  one 
d»«of  structures  or  functions.  .\ll  functions  suffer  directly  or  indirectly,  and  whatever 
tbe  da&s  lo  which  the  poison  belongs,  the  tinal  cause  of  death  is,  in  almost  all  cases, 
pndyiis  of  respiration,  preceded  by  the  phenomena  of  asphyxia.  In  virtue  of  the 
uttir,  ar  through  other  causes,  the  urine  often  contains  sugar. 

The  irritants,  and  especially  the  corrosives,  produce  lesions  which  can  be  demon- 
*n\ti  at  Autopsy.  With  other  poisons  the  postmortem  examination  is  Kcnerally 
B«|ilire.  The  Spectbpic  of  the  Blood  shows  characteristic  changes  with  some 
poooia.  These  are  aUo  apt  to  cause  ecchymotic  discolorations  of  the  skin.  Anti- 
vpCic  poisons  dtJay  Ike.  puifefaction  of  the  body,  so  that  mummification  may  result. 
CgQvumve  poisons  quicken  the  onset  of  rigor  mortis. 

Dnties  of  the  Physician  in  Cases  of  Poisoning. — These  are  twofold: 
save  life  or  suffering,  and  lo  forward  justice.  The  former  object 
ires  the  removal  of  the  poison,  the  administration  of  chemical  anti- 
and  the  treatment  of  the  symptoms. 
the  detection  of  tlie  poison,  and  to  aid  in  fixing  the  guilt  on  the 
person,  the  physician  must  carefully  observe  the  symptoms,  take 
on  of  any  suspected  material,  medicine,  vomit,  etc.,  and  in  case  of 
y.  prescr\'e  the  stomach  and  its  contents,  the  intestines  and  con- 
,  blood,  liver,  kidneys,  and  portions  of  other  organs,  separately,  wilh- 
W antiseptics,*  in  clean,  hermetically  closed,  glass  vessels,  which  should  be 
wJcd  witli  wax."  An  exact  wriiUn  record  of  all  the  observations  shotild 
be  nude  as  soon  as  possible. 

The  symptoms  in  cases  of  suspected  poisoning  are  rarely  sufficient 
tD affirm  the  presence  or  nature  of  a  poison,  although  they  may  be  of  great 
»>  *  .-St.    The  final  proof  rests  generally  on  the  results  of  the 


a. 


i>n. 


So  much  depends  on  this  analy»s,  that  it  should  never  be  undertaken  by  anyone 
4^  hu  not  had  extensive  experience  in  this  class  of  work,  and  whu  has  not  the  neces- 


'h 


»Um  steo 


fer  cnn 


lea 


Mb 


HR^  that  ;K>ison*  which  possess  a  pmnounccd  and  disaKTcp-able  taste  could 
ntt.  except  with  infants;  but  a  m&mcnt'ft  ihaunht  will  ehow  that  if  « 
'.  the  tmate  is  not  noticed  until  a  lantv  amount  has  bo«n  swallowed. 
.irfid  poiaoni  can  be  isolated  for  a  iona  Ctmr  1 160  to  170  dayi)  frmr 
^•iri<:  puiftoni.  how«vrr,  disappear  mpidlT  (PDosphoruft,  Cyanid.  Picrutoxin, 
Sliychmn  and  morphiD  arc  vcrv'  peniatent. 

a  rare  or  ipecially  marked  coin,  or  «  key.  may  aerve  tu  imprwa  th«  seaL 
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sary  facilities.  It  lies  enUrely  outside  of  the  scope  of  the  practidng  physician.  Thi 
latter  should,  however,  be  familiar  with  the  general  outline  of  the  process  tued  for  isolat 
ing  poisons;  and  with  such  chemic  tests  as  may  be  quickly  applied.  These  tests  an 
offen  valuable  for  diagnostic  and  therapeutic  purposes.  The  physician  is  also  expectec 
to  give  expert  testimony  on  toxicologic  questions,  and  to  do  this  intelligently,  he  mus 
have  at  least  an  elementary  knowledge  of  toxicologic  analysis,  such  as  is  furnished  ii 
the  following  section. 

Some  poisons  can  be  demonstrated  much  better  by  tests  on  animals  than  by  ani 
chemic  tests.  For  this  object,  they  should  be  isolated  in  as  pure  a  forni  as  possible 
by  the  methods  laid  down  in  this  section.  The  application  of  these  life  tests,  fall 
peculiarly  into  the  province  of  the  pharmacologist. 

OUTLINE  OF  TOXICOLOGIC  ANALYSIS' 

PrecautiQii8.-^The.  first  duty  of  the  analjrst  is  to  guard  the  material  confided  ti 
him  from  ihe  wilful  or  accidetUal  introduction  of  poisons.  For  thb  purpose,  precautioi 
must  be  taken  that  no  other  person  has  access  to  the  material;  ana  every  reagent  anc 
apparatus  must  be  tested  personally. 

As  a  rule,  the  different  organs  must  be  kept  strictly  separated  throughout  the  analysis 
It  will  depend  on  circumstances  whether  the  analysis  of  the  individual  organs  is  madi 
at  the  same  time,  or  successively.  If  the  latter  is  decided  on,  the  largest  organ,  or  tha 
most  likely  to  contain  the  poison,  is  examined  first.  It  may  be  advisable,  however 
to  mix  a  weighed  quantity  (one-fourth  or  one-third)  of  the  comminuted  organs,  and  U 
use  this  mixture  for  the  first  analysis. 

Since  the  material  to  be  analyzed  is  limited  in  amount,  and  can  not  be  replaced 
the  examination  must  be  arranged  in  such  a  way  that  as  many  tests  as  possible  can  bi 
made  successively  on  a  single  sample  of  the  material.  An  economy  of  time  and  materia 
is  also  secured  by  obtaining,  as  quickly  as  possible,  some  idea  of  what  poisons  may  bi 
present.  This  may  be  done  by  some  easy  preliminary  testa,  or  by  using  so^callef 
''group-reactions"  which,  if  negative,  will  exclude  a  number  of  substances.  Thi 
symptoms  may  also  have  furnished  important  hints,  but  should  never  prevent  the  com 
plete  examination  of  the  substance. 

During  the  isolation  and  the  preliminary  search  for  the  poison,  only  the  most  im 
portant  tests  should  be  applied.  When  the  poison  has  been  isolated,  however,  it  shoul< 
be  subjected  to  every  known  test.  A  sample  of  the  isolated  poison  ^ould  be  preserved 
in  stable  form. 

Preliminaiy  Examination. — ^The  sjrstematic  examination  is  begun  by  t 
careful  inspection  of  the  portions  of  the  alimentary  canal.  These  an 
opened,  and  extended  on  an  inverted  evaporating  dish,  mucous  surfao 
upward.  Pathologic  lesions  are  looked  for,  as  also  particles  of  the  poisoi 
which  may  be  adherent.  A  magnifying  lens  should  be  employed.  (Gran 
ules  of  arsenic  have  often  been  isolated  in  this  way.)  The  contents  o 
the  alimentary  canal,  or  vomited  matter,  are  subjected  to  a  similar  clos« 
inspection.  The  odor  should  be  carefully  observed.  During  this  exami 
nation,  the  reaction  to  litmus  paper  should  be  noted  (caustic  acids  oi 
alkalies). 

Each  organ  is  then  hashed,  carefully  weighed,  and  replaced  in  hermetic 
ally  sealed  jars.' 

Isolation  of  the  Poison. — ^No  routine  schema  of  analysis  will  fit  al 
cases,  since  each  presents  its  own  problems.  However,  the  followin( 
illustrates  the  usual  procedure. 

Division  of  Material. — Ordinarily,  each  organ,  after  comminution,  is  divided  nntt 
the  following  portions  carefully  weighed:  One-third  is  reserved  for  control;  one 
twentieth  for  preliminary  tests.  The  remainder  is  divided  into  four  parts,  used  respect 
ively  for  the  search  for  volatile,  fixed  organic  and  inorganic  poisons,  and  for  reserve 

>  This  section  should  be  studied  in  connection  with  the  practical  exercises.  Gadamer's  "Lehr 
buch  der  chemischen  Toxicologie"  is  an  excellent  reference  oook. 

s  As  soon  as  the  absence  of  volatile  poisons  has  been  proven,  the  oontenta  of  the  jars  may  b 
covered  with  95  per  cei^t.  alcohol. 
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t  t  v  o»  material  U  very  scanty,  two  equal  portions  \viU  suffice:  one  is  reserved 
fi  ,  tests,  easily  decomposable  poisons,  and  control;  the  other  is  examined 

im'.ry'  \ri\  luf  casily  volatile  poisons,  for  fixed  organic  poisons,  and  for  metals. 

Volatile  Poisons. — A  portion  of  the  material  is  acidulated  with  tartaric 
acid  (adding  water  if  necessary),  and  distilled  from  a  flask  or  retort  con- 
nected with  a  Liebig's  condenser.*  It  is  advisable  to  pass  a  slow  current 
of  live  steam  through  the  mass.  The  distillation  is  continued  until  about 
two-thirds  of  the  liquid  have  been  collected,  in  three  portions.  The  odor 
is  noted  (volatile  oils,  chloroform,  ether,  etc.).  and  the  characteristic  tests 
applied  for  phosphorus,  phenol,  cyanids,  alcohol,'  chloroform,  chloral,  etc. 

Pbomhonis. — A  prcliminan'  test  (or  this  element  must  be  made  with  silver  nitrate 
ud  Iraa  acetate  papers  before  the  distillation  is  begun.  If  this  test  indicates  its 
pmcnce,  the  condenser  is  set  vertically  downward,  and  the  distillation  is  carried  on 
la  a  liflrkrned  room.  All  air  is  expelled  from  the  apparatus  by  a  stream  of  carbon 
dimid.  This  is  then  shut  off,  and  replaced  by  live  sleam,  the  Aask  l>eing  healed  at 
ll*  sune  time.  If  phosphorus  is  present,  a  luminous  ring  appears  in  the  tubes  or 
cmdcDser.  shiftin(!;  its  position  when  the  heat  applied  to  the  dask  is  altered  (Mitseher- 
ikk't  method).  The  appearance  of  this  pheoonienon  proves  the  presence  of  phosphorus 
iteolotely. 

Tlicre  urc,  however,  a  number  of  substances  which  interfere  with  the  formation 
of  tKw  rin-/.  Almost  any  volatile  substance  may  do  so;  turpentine,  chloroform,  ether, 
*■'■'  U'ohol  is  often  present,  as  it  is  usually  given  ns  an  antidote. 

'  L-  of  the  ring  does  not,  therefore,  prove  the  absence  of  phosphorus.  The 
diiiKui'.-  \\\i'  contain  phosphorus  in  the  lower  stages  of  o.\idation,  as  phosphorous  or 
bjrpcpphosphontus  acid.  The  best  way  to  prove  phosphorus  in  this  is  to  add  some  hromin 
witcr  to  the  distilUte  and  to  evaporate  to  dryness.  This  results  in  phosphoric  acid. 
»kicii  may  be  demonstrated  by  magnesia  mixture  or  ammonium  moiybdate.  The 
Waatitative  determination  of  phosphorus  is  not  important;  becauM  if  it  is  present  at 
uL  it  is  present  as  a  toxic  agent. 

Qfinids* — Merc  traces  of  hydrocyanic  acid  in  the  distillate  are  not  proof  of  poison- 
iNb  lince  these  may  have  been  introduced  in  the  way  of  food  (almonds  or  other  seeds). 
AfBMtitoiirr  eitimatum^  by  means  of  silver  nitrate,  may  be  necessary.  The  qualitative 
proof  ilw  requires  two  further  precautions: 

With  the  method  which  we  nave  gi\*en,  ferrocyanids  might  also  he  decomposed  and 

give  file  «'•  ln-I'Msnanic  acid;  aJid  since  ferrocyanids  are  not  toxic,  this  would  lead 

l»»roni:  -V.     To  eliminate  this,  the  original  liquid  is  Altered  and  the  Prussian 

ytar  (r--  it  directly.     Mercuric  cyanid  does  not  yield  its  hydrocyanic  acid  in 

t^  : .     if  it  is  suspected,  the  material  must  be  treated  with  hydrogen  sulphid. 

from  AikiUifu  Soittiion. — It  Is  sometimes  recommended  to  add  water  to 

the  retort,  to  make  it  alkaline  with  sodium  carbonate,  and  to  distill  again. 

ontains  ammonium,  amines,  chloroform  ^f  chloral  was  preset),  and  the 

ik^iiititds.     This  4tep  may  generally  be  omitted,  as  these  poisons  arc  discovered 

tiarts  of  the  process;  or  a  small  sample  may  be  heated  in  3  test-tube  with  sodium 

.*;<:.  and  the  odor  noted. 

Extraction  of  Fixed  Organic  Poisons. — The  extraction,  separation  and 

ition  of  these  poisons  are  based  on  their  special  solubility  in  certain 

As  a  rule,  they  are  fairly  soluble  in  acidulated  water  and  alcohol. 

itral  principles  are  removed  from  the  acid  wateiA'  solution  by  ether 

■    n.     The  alkaloids  are  dissolved  by  these  substances  only  after 

of  an  alkali. 

lii  biici  outline,  the  suspected  material  is  first  extracted  with  boiling 

uduiatcd  water  and  alcohol.     The  acid  watery  extract  is  then  treated 

fith  ether,  which  dissolves  neutral  prinviptes  and  various  impurities,  but 

wfclcb  leaves  the  alkaloids.     These  arc  extracted  later  by  fresh  ether,  after 

nudering  the  solution  alkaline. 


bitov  for  •pcciiil  arnrnKcmcnt  tu  l>c  used  when  phosphorus  b  present. 
Ikol  m  only  import«nt  il  it  it  pnucnt  m  large  amounu.     Smaller  quantities 
Ar  or  as  antidote. 


may  be  pnaent 


fe.iigSrirf 


52 


MANUAL    OF  PHARMACOLOGY 


Various  methcxis  arc  in  use.     The  most  pructical  is  that  of  Stas-Otto,  slight 
modified: 

§1.  The  poisons  arc  first  brought  inlo  solution  by  boiling  the  material,  if  solid,  with 
about  5  parts  of  water  for  fifteen  minutes  (or  the  residue  remaining  after  the  dblUlation 
of  the  acid  solution  may  be  used).  The  mixture  is  cooled  and  strained.  This  removes 
fai,  coagitlabU  protein,  fiber,  etc} 

%i.  The  strained  solution  is  evaporated  at  a  low  temperature  to  a  s>'Tupy  con- 
sistency, and  boiled  vinth  twice  its  volume  of  alcohol,  for  fifteen  minutes.  The  evapo- 
rated alcohol  is  replaced.  It  is  then  Bltcred,  and  the  filter  washed  with  alcohol.  This 
removes  saUs^  non-coagulabU  proteins.  el<. 

(3.  The  alcoholic  filtrate  is  diluted  with  an  equal  volume  of  water  and  filtered. 
This  removes  resins,  fats,  etc.  (The  residue  may  be  examined  for  cathartic  resins  and 
croton  oil.)     (For  further  purification,  the  filtrate  may  be  again  treated  by  §§2  and  j.) 

(4.  The  filtrate,  which  should  have  an  acid  reaction,  is  now  shalccn  in  a  separatory 
funnel  with  10  c.c.  of  ether.  This  ia  drawn  oS.  and  the  same  process  is  repeated  twice. 
The  ether  renioves  neutral  principteSf  picric  acid,  and  salicytic  acid.  It  is  filtered  and 
allowed  to  evaporate  in  a  glass  capsule,  and  the  residue  is  purified  and  tested  for  these 
acids,  for  cafTcin,  cantharidin,  cotchicin,  digitalin,  picrotoxin,  and  the  coal-tar  anti- 
pyretics. 

^5.  The  watery  solution,  remaining  from  the  extraction  with  ether  in  the  last  para- 
graph, is  now  made  fairly  alkaline  with  sodium  carbonate  (to  liberate  the  alkaloids)  and 
again  extracted  with  ether,  as  in  the  last  paragraph.  From  this  alkaline  solution,  the 
ether  remotes  all  alkaloids  except  morphin.  The  ethereal  layer  is  filtered  and  evaporated, 
the  residue  is  purified,  and  tested,  first  by  potassium  mercuric  iodid,  then  for  phvso- 
stigmin,  apomorphin,  nicolin,  coniin,  veratrin,  strychnin,  brucin,  atropin,  cocain,  coacin, 
narcotin,  emetin,  and  aconitin. 

{6.  To  isolate  the  morpkin,  the  watery  liquid  remaining  in  the  last  paragraph, 
Is  made  acid,  then  alkaline  by  ammonia,  and  shaken  at  once  with  acetic  ether,  or  with 
hot  amyl  alcohol. 

§7.  To  test  for  oxaJic  acid,  the  original  substance  is  partly  dried,  extracted  with  5 
c.c.  of  hydrochloric  acid  and  20  c.c.  of  boiling  alcohol,  fur  half  an  hour,  filtert-d.  evapo- 
rated, extracted  with  water,  and  tested.  Santonin  and  .\fe4-onic  Acid  must  also  be 
extracted  by  special  methods. 

DragendorfPs  Method. — In  this,  a  more  extensive  separation  of  the  poisons  is 
obtained,  by  multiplying  the  solvents  and  operations.    The  preliminary  treatment  is  as 

Kr  5§i,  a,  and  3.    The  acid  solution  is  then  exhausted  .successively  by  petroleum  ether, 
nzol  and  chloroform;  and  then  in  alkaline  solution  by  the  same  sequence  of  solvents, 
and  finally  by  amyl  alcohol. 

Kippenberger's  Method. — This  possesses  the  advantage  of  separating  the  poisons 
in  purer  form  from  the  start,  but  it  involves  technical  difficulties.  It  depends  on  the 
insolubility  of  the  tannates  of  proteins  in  glycerin,  whilst  the  organic  poisons  are  soluble 
in  this  medium.  The  solid  material  (say  100  Gm.)  is  digested  for  two  days  at  40^. 
with  10  Gm.  tannin,  i  Om.  tartaric  acid,  and  100  Gm.  glycerin.  The  ma.ss  is  expressed: 
the  residue  is  washed  with  tannic  glycerin.  The  fluids  are  diluterl  with  water,  hcatea 
to  5o"C.,  and  filtered.  The  filtrate  is  then  extracted  twice  with  petroleum  ether,  which 
removes  mainly  fats.  The  glycerin  layer  is  then  extracted  as  in  the  Stas-Otto  method 
(§§4  and  5),  but  using  chloroform  in  place  of  ether. 

For  tiic  purification  of  the  alkaloids,  the  residue,  left  by  the  evaporation  of  the 
chloroform,  is  dissolved  in  acidulated  water,  neutralized,  and  at  once  precipitated  by 
iodin-potassium-iodid.  The  precipitate  is  collected  on  a  small  filter,  washed  with  cold 
water,  dried,  and  dissolved  in  hot  acetone.  The  filtered  acetone  solution  is  treated  first 
with  alkali,  then  with  acid,  then  with  water;  the  acetone  is  expelled  on  a  water-bath, 
and  the  remaining  watery  solution  is  decolorized  by  sodium  hyposulphite.  The  solution 
is  then  made  alkaline  with  sodium  carUinatc  and  extracted  with  ether  or  chloroform. 
Physiologic  Tests. ^The  poisons  isolated  by  these  methods  are  often  not  sufficiently 

fiure  to  give  the  typical  chemic  tests;  furthermore,  certain  of  the  tests  arc  closely  simu- 
aled  by  ptomains.  This  holds  true  also  of  the  physiologic  tc«its,  i.r  ,  the  efifccls  on 
animals.  The  only  way  to  distinguish  anth  certainty  between  these  is  to  use  both  the 
chemic  and  the  physiologic  tests.  For,  as  far  as  is  known,  there  are  no  ptomains 
which  give  both  the  chemic  and  physiologic  tests  of  one  alkaloid. 

The  ph>'siologic  tests  can  generally  be  obtained  with  fairly  impure  preparations. 
They  are  most  t>'pical  in  the  c^se  of  strychnin,  atropin,  physostigmin,  aconite,  digitalis 
group,  picrotoxin.  veratrin,  cantharidin,  croton  oil.  The  subject  is  elaborated  in 
Fuehncr's  "Nachwciss  von  Giftcn." 

>  It  U  understood  that  the  rcnuininc  man  ihould  be  washed,  in  every  instance  of  filtntian  or 

stniininK. 
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Isolation  of  Fixed  Inorganic  Poisons. — The  residues  of  the  preceding 
operations  may  be  used  for  ihv  search  of  these  poisons.  The  usual 
methods  of  inorganic  analysis  are  followed;  but  it  is  superfluous  to  test 
for  aon-poisonous  constituents. 

The  absence  of  many  metallic  poisons  can  be  quickly  shown  by  Relnsch's  test. 
This  docs  not,  however,  clispensc  from  further  tests.     Only  an  outline  can  be  given  here: 

A:  Destruction  of  Organic  Matter  and  Solution. — \fetkod  of  Frfseniua  and  Babo. — 
OrpQSor  syrupy  residue,  plus  300  c.c.  to  500  c.c.  of  arsenic-free  HCl  (i  :j)  in  liter  Oask: 
heit  lukewarm.  Add  4  to  6  Gm.  KClOj  in  0.5  Gm,  portions,  till  dissolved.  Kvaporate 
to  About  100  c.c.  (no  free  CI).  Dilute  to  400  c.c.  Add  2  c.c.  dilute  HiSO«.  Stand 
OTwiiight      Filter,     fillratt  =  B.     Keiidue  =  /C. 

Filtrate  B. — Pass  through  filter,  add  water  to  just  500  c.c.  Use  50  c.c.  for  Marsh's 
tot  (sec  L).  If  As  is  present,  use  balance  for  quantitative  (see  C).  If  not,  evaporate 
iiuU  sample,  dis&olve  m  10  c.c.  water,  add  NH4UH:  blue  =  Cu. 

C— Heat  balance  of  filtrate  B  to  So^C.  and  pass  arsenic-free  HaS^  for  two  or  three 
boun,  until  cool.  Heat  again,  and  repeat.  Stopper  and  set  aside  in  warm  place  for 
twtDty-Iour  hours.  Precipitate  may  contain  As,  Sb,  Hg,  Cu,  Pb.  It  may  be  used 
forihc  quantitative  estimation  of  As,  or  for  further  identification  by  D.     Filtratf  —  /. 

D  '7/-5  prccipiiale  oj  C). — Wash  with  HiS  water,  warm  with  4  c.c.  ammon.  sulphid, 
KTionia,  8  c.c.  water.     Filter.     Filtrate  =  £.     Insoluble  =  F. 

r  ,  :irixif  of  D). — F.vaporale  to  drj';  heat  with  HNOj  till  pure  yellow;  heat  to  expel 
HNO»;  add  NaaCO*  and  NaNOj;  fuse;  extract  with  boiling  water;  add  2  Gm.  NaHCO*. 
Filter,  Filtrate  contains  As  and  may  be  used  for  quantitative.  The  insoluble  <=  Sb. 
(Apply  tests.) 

I  Umnlubie  of  D). — Oxidize  residue  and  filler  in  capsule  with  HCl  and  KCIO?; 
til«i  dilute;  heat;  pass  HiS;  filter;  wash  precipitate  with  warm  HNO|.  Filtrate  •■  C. 
PfKifiWe  -  H. 

G  (Fillrair  of  F). — .Add  10  drops  dilute  HtSO^;  evaporate;  take  up  with  water. 
Rsadur  =  Pb.     FiltraU  =  Cu.     (.\j)ply  tests.) 

H  {preciffitate  of  F). — Oxidire  wun  aqua  rcgia;  evaporate;  filter;  dilute;  test  for  Hg. 

I  [Filtrate  of  C). — Use  half  for  zinc,  half  for  chromium. 

Zm:  Neutralize  with  KOH;  acidulate  with  HiCaO;  precipitate  with  HtS;  wa.<(h 
pndpitate  with  HjCiOt  in  HjS  water  (i  .'5);  incinerate  precipitate  and  filter;  dissolve 
ffldihilc  HjSO»,  plus  a  little  HNOi;  evaporate  dry;  dissolve  in  H3O;  test  for  Zn. 

O:  Evaporate  to  just  moist;  mix  with  KXOa;  drv;fuse;  dissolve;  test  for  chromate. 

K  {Rmiue  of  .4).— Fuse  with  KNO3,  Na,COi.  and  NiH*NOi.    Suspend  in  H,0; 

CCOj;  boil;  filter.    Dissolve  precipitate  in  dilute  HNO>.     Test  this  solution  for 
Ba,  and  Pb. 

lCanh*6  Test  (see  B). — Produce  hydrogen  in  flask  by  acting  on  pure  xinc  with 
Wtoic-free  HCl;  pass  through  CaClj,  through  tubes  drawn  out  at  several  pbccs.  Heat 
ttrcditess  at  the  thick  portion  of  a  segment.  (This  blank  test  should  be  continued  for 
*z  bours.)  If  no  mirror  appears,  introduce  the  suspected  solution.  Black  mirror 
oonus  with  arsenic  or  antimony.     They  may  be  distinguished  as  follows: 


.'Vntimony 
Mirror  at  heated  portion. 
No  odor. 

Not. 


.UtSENlC 

^f'rrrr  hrvond  heated  portion, 

r  on  beating  in  air. 

Ill  hyp>ochlorite. 
Luiiy  volatiliEed  when  healed  in  hy- 

Healed  in  air,  yields  easily  voUtilized 
«Mte  cryvtals. 

Hnud   in   H|S,  yellow,   insoluble   in 
BO. 

DiMolved  in  HNOi.  evapor«ted,  plus 
4tMV  S>^  vapor  of  NH«,  red  or  yellow    on  beating. 
fnqplut«. 

TREATMENT   OF  POISONING 

Whilst  every  case  of  poisoning  demands  to  be  treated  by  itself,  yet 
Certain  general  principles  are  all  but  universally  applicable.  These  are 
tile  awn  important  since  the  nature  of  the  poison  is  so  often  unknown. 

*BiB  Mfiftcfl  t>r  p«anaa  through  water,  calcium  chlohd.  and  a  tube,  jo  cm.  lone,  tilled  with 
Ufi«f»  of  ^■M-WQoi  and  iij^Iin  cryitAU. 


Not  easily  volatilized. 

Amorphous  white  residue,  not  easily 
volatilized. 

Red  (black  on  strong  beating) ; 
soluble  in  HCl. 

No  color  in  cold;  black  (metallic  Ag) 
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The  first  peculiarity  of  poisoning  to  deserve  especial  attention  is 
the  rapid  course.  This  demands  that  whatever  measures  are  taken, 
they  must  be  taken  quickly.  The  physician  should  therefore  be  thor- 
oughly familiar  with  the  general  rules  of  treatment,  so  that  no  hesita- 
tion or  delay  occurs.  On  this  account  also,  the  antidote  nearest  to 
hand  should  be  used  in  preference  to  one  which  can  only  be  obtained  with 
delay,  even  if  the  latter  should  be  theoretically  preferable. 

The  treatment  of  poisoning  is  directed  against  the  cause  and  the 
s)anptoms.  The  former  consists  in  removing  the  poison^  or  in  render- 
ing it  harmless.  Since  neither  of  these  objects  can  usually  be  attained 
absolutely,  both  are  generally  attempted  at  once. 

Removal  of  the  Poison. — The  measures  directed  to  this  end  vary  with 
the  site  to  which  the  poison  was  applied. 

On  the  skin  and  on  accessible  mucous  membranes  this  will  be  accom- 
plished by  a  thorough  washing  with  water.  This  will  also  be  useful  by 
diluting  the  poison.  If  the  poison  is  only  sparingly  soluble  in  water 
(as  phenol)  alcohol  may  be  employed.  Soap  may  be  useful,  but  should 
be  avoided  if  the  poison  is  an  alkali.  The  appropriate  chemical  antidote 
should  also  be  added  to  the  wash  water  (for  aads  or  bromin:  Soap  or 
Linimentum  Calcis;  for  alkalies:  vinegar  or  lemon  juice).  The  poisons 
which  are  important  in  these  situations  are  all  irritants,  and  the  further 
treatment  consists  in  the  application  of  oils  or  salves. 

If  the  poison  has  been  applied  hypodermically  or  to  wounds  j  the  systemic 
effects  may  be  lessened  by  preventing  or  retarding  the  absorption  of  the 
poison.  The  absorption  may  be  delayed  sufficiently  so  that  the  drug 
IS  excreted  as  fast  as  it  is  absorbed,  and  doses  which  would  otherwise 
be  fatal  may  then  cause  no  effect.  The  best  means  for  this  purpose  is  a 
firm  ligature  applied  centrally  to  the  wound.  Where  this  is  not  feasible, 
sucking,  cautery,  or  excision  may  be  practiced. 

If  an  irritant  poison  has  been  taken  by  the  mouth,  the  oral  cavity  and 
the  pharynx  demand  the  same  treatment  as  would  the  skin. 

With  gaseous  poisons,  the  treatment  consists  in  free  ventilation  of  the 
lung,  using  artificial  respiration,  and  oxygen,  if  necessary. 

Removal  from  the  Alimentary  Canal. — This  should  be  attempted,  in 
case  of  poisoning  by  mouth,  unless  the  symptoms  are  already  so  far  ad- 
vanced as  to  make  it  useless.  Even  if  the  poison  has  been  administer- 
ed some  time  before  the  treatment  is  begun,  or  if  it  has  been  given 
h3rpodermicaUy,  the  alimentary  canal  should  be  cleansed,  since  many 
poisons  (notably  morphin)  are  excreted  by  this  channel,  and  then  again 
reabsorbed.  The  only  contraindications  to  the  emptying  of  the  aliment- 
ary canal  are:  extensive  corrosion,  and  advanced  strychnin  poisoning. 
Great  caution  and  careful  judgment  are  required  in  these  cases. 

The  measures  for  the  removal  of  poisons  from  the  alimentary  canal 
consist  in  emptying  the  stomach  and  intestine. 

A  catharlk,  however,  need  only  be  administered  after  the  acute  manifestations  are 
past.  Oily  cathartics  should  usually  be  avoided,  and  enemata  are  useless.  The  beat 
purgatives  in  poisoning  are  the  catluirtic  salts  (15  to  30  Gm.  of  Magnesium  sulphate). 

Evacuation  of  the  Stomach. — Vomiting  often  occurs  spontaneously, 
but  even  in  this  case,  more  active  measures  are  generally  required.  These 
consist  in  the  administration  of  emetics,  or  in  lavage. 

Lavage  deserves  preference,  if  it  can  be  used.  It  cleanses  the  stomach 
much  more  effectually,  particularly  of  small  insoluble  adherent  particles; 
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it  is  less  depressant  to  the  patient;  and  it  permits  the  convenient  use  of 
chemic  antidotes.  It  is  indispensable  with  depressant  poisons  which 
ptfiklyee  the  vomiting  center  (such  as  deep  morphin  or  chloral  poisoning). 

The  complicated  stomach  pump  has  been  gencmlly  abandoned  for  the  more  con- 
vtoicnl  stomach  lulx:.  In  emergencies,  6  feel  of  rubl)er  gas  tubing,  with  a  funnel 
UUchcd,  answers  very  well.  The  tube  should  not  hi:  forced  down,  but  should  be  grrUiy 
pDsbed  to  the  pharynat,  where  the  pharvngeal  muscles  will  grasp  it  and  push  It  further. 
Cut  should  be  taken  to  avoid  overdistenlion  of  the  stomach;  it  is  better  to  use  small 
^Dutities  of  fluid  frequently.  Against  organic  poisons,  u  o.f  :  1,000  solution  of  potas- 
snm  pennanganate  may  be  used.  If  there  is  trismus,  or  the  patient  resists,  the 
tube  may  be  passed  through  the  nose. 

Emetics  have  the  advantage  of  greater  convenience,  and  avoid  strug- 
glins;.  They  should  be  repeated  every  fifteen  to  thirty  minutes, 
if  accessary. 

Apomorpkin. — [5  mg.  (grain  }  j'n)  ii^  i  per  cent,  solution  =  0.5  c.c. 
or  X\x\  hypodermically.  This  is  the  only  emetic  which  can  be  given  by 
ihesltin,  and  is  therefore  particularly  useful  if  the  patient  resists.  It  is 
prompt  and  certain,  but  rather  more  depressing  than  the  following 
ctnclics: 

Copper  Sulphate  or  Zinc  Sulphate. — These  act  promptly  and  with  a 
minimum  of  depression,  but  should  not  be  given  if  the  poison  is  a  corrosive. 
Zinc  sulphate  is  less  irritant  than  the  copper,  and  nearly  as  efficient; 
i  Cm.  may  be  given  in  a  glass  of  water.  The  dose  of  copi>er  sulphate 
is  0.5  Gm.  at  once,  or  three  doses  of  0.3  Gm.,  fifteen  minutes  apart.  If 
*t  it  ineffective  it  must  be  removed  by  lavage. 

'     !  — A  leaspoonful  of  the  powder  in  water,  or  a  tablespoon  of  the  wine.     Un- 
md  produces  considerable  depression. 

ltd. — A  leaspoonful  stirred  m  a  tumbler  of  warm  water.    This  is  the  most 
-  'I  of  these  emetics,  but  useful  in  emergencies. 

Neutralization  of  the  Poison— Chemical  Antidotes. — The  object  of 

'*'"-  s    to  render  the  poison  incapable  of  acting,  or  of  l>eing  absorbed. 

-xompUsh  this  by  enveloping  the  poison  with  an  impenetrable 

..  or  by  precipitating  it,  or  by  destroying  it.     Since  these  antidotes 

iered  in  their  action  by  the  presence  of  food,  and  since  the  prc- 

-  are  not  perfectly  insoluble,  it  is  well  to  combine  them  with  lavage 

-i^,  adding  the  antidotes  to  the  wash  water,  or  giving  them  in 

:val  between  vomiting;  they  must  l>e  repeated  frequently. 

i-Jtmulcents  (raw  eggs,  acacia,  boiled  starch  or  flour,  milk,  ad  libitum). 

Tboc  act   by  lessening  absorption;   by  allaying  inflammation;   and  in 

Incase  of  metals,  by  precipitation. 

Predpitants. — The   most    universally   applicable   of   all   precipitanls 

i»  ii««j#f  in  teasiKKinful  of  tannic  acid,  or  preferably,  very  strong  hot 

tea   (id  libitum).     The  efficiency  will  be  increased  by  the  addition  of 

acetate  or  bicarbonate,  and  diminished  by  alcohol  and  acids, 

•e  precipitates  are  soluble  in  these  media. 

Trom  the  eTperimcnts  of  Kiefer  viBpa),  on  tannin,  and  SoUmaim  (1901),  on  tea, 
"1  nay  K  '   that  these  are  useful  against:     Apomorphin.  Cinchona  alkaloids, 

BydrnL  in,  Vcratrin,  Digitalis,  Anlipyrin,  Colchicin;  and  the  metals:  Pb. 

*-   "  1'-  Zn,  Fe. 

->t:    Cocain,   Bnxdn,  Aconittn,  Lobclin,  Nicotin,  Pilocarpin, 
. ;,.   i.siigmin.  Soianin. 

against:     Atropin.  ConUn,  Morphin,  As,  Sb,  Hg. 
prccipiltinls.  the  following  shoulcl  be  remembered: 
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For 

Alkaloids. — Tincture  of  iodin,  15  drops  in  half  a  glass  of  water. 

Metals  (especially  mercury). — Raw  eggs. 

Arsenic. — Arsenic  antidote  (see  Index). 

Barium. — Sulphates  (Glauber's  or  Epsom  salt). 

Oxalates. — Calcium  (limewater,  chalk,  whiting). 

Phosphorus. — Copper  sulphate  or  Oxidized  (old)  Turpentine.  (The 
former  envelopes  the  phosphorus  with  an  insoluble  coating  of  metallic 
copper.) 

Antidotes  Which  Destroy  the  Poison  in  the  Alimentary  CanaL — 
(These,  for  the  most  part,  will  not  be  useful  after  the  poison  is  absorbed.) 

Acids, — ^Alkalies  (burnt  magnesia,  soap,  chalk,  baking  soda). 

Alkalies. — Weak  acids  (vinegar,  lemon  juice). 

Organic  Poisons  {Alkaloids,  Glucosidsy  etc.)  and  Phosphorus. — Oxidizing 
agents,  especially  Potassium  permanganate,  2  grains  (a  pen-knife-point 
full  in  emergency)  to  the  tumbler,  repeated  as  often  as  it  is  vomited;  or  for 
lavage,  a  liter  of  0.05  per  cent.  Care  must  be  taken  that  no  undissolved 
crjrstals  are  administered.  In  case  of  snake  bite,  the  powdered  permanga- 
nate may  be  rubbed  into  the  wound,  after  free  incision. 

Hydrogen  peroxid  is  another  useful,  though  less  powerful  oxidant. 

Hydrocyanic  Acid, — ^Permanganate,  arsenic  antidote,  hydrogen  per- 
oxid, and  thiosulphate  of  sodium  (Hypo). 

■  Antidotes  Which  Destroy  Absorbed  Poisons. — ^To  be  effective,  these  must  be  given 
hypodermically  or  intravenously.  The  best  known  examples  of  this  class  are  the  anti- 
toxic sera.  The  following  are  also  useful:  Sodium  thiosulphate  against  hydrocyanic 
add;  and  sodium  carbonate  against  mineral  acids. 

Removal  of  Poisons  after  Their  Absorption. — This  can  be  attempted  by  increadng 
the  excretions,  but  is  usually  not  very  successful.  The  elimination  by  the  alimentary 
canal  has  been  discu^ed.  The  principal  remaining  channels  are  the  urine  and  sweat,  of 
which  the  former  is  more  important. 

Diuretics. — Water,  especially  as  weak  tea  or  carbonated  drinks;  theobromin;  potas- 
sium acetate  (irritant  diuretics  should  be  avoided). 

The  usefulness  of  diuresis  for  the  removal  of  poisons  is  at  best  very  Umited,  even  for 
such  substances  as  strychnin  (Hatcher).  With  tetanus  toxin,  intravenous  hypertonic 
alkaline  saline  or  glucose  failed  to  prolong  the  life  of  the  animal,  even  when  used  under 
the  most  favorable  conditions  (Sansum,  1918). 

Diaphoretics. — Hot  drinks;  heat;  pilocarpin  (if  not  contraindicated  by  pulmonary 
edema). 

Infusion  of  Normal  Saline  Solution  (i  Liter  of  0.9  per  cent,  injected  under  the  skin 
of  the  subclavicular  region)  increases  elimination  by  all  channels.  Bleeding  may  be 
resorted  to  in  some  cases.  Up  to  a  liter  of  blood  may  be  drawn,  a  double  quantity  (4 
salt  solution  being  injected. 

Symptomatic  Treatment. — The  symptoms  produced  by  poisons  can 
often  be  lessened  or  removed  by  the  use  of  drugs  having  an  opposite  action. 
These  physiologic  antidotes  may  not  really  abolish  the  action  of  the  poison; 
they  may  only  mask  its  symptoms.  But  by  tiding  the  patient  over  the 
dangerous  period,  and  by  preventing  exhaustion,  they  may  be  potent 
means  of  saving  life.  It  must  be  remembered,  however,  that  large  doset 
of  the  antidotes  often  cause  effects  similar  to  those  of  the  poison,  which 
may  add  to  the  fatality  of  the  latter.  They  must  therefore  be  used  in 
appropriate  small  doses. 

It  is  not  purposed  to  enter  in  this  place  into  the  special  physiologic 
antidotes,  but  we  shall  take  up  only  those  measures  which  are  generaUy 
useful. 

These  measures  are  directed,  in  the  order  of  their  importance,  to:  sup- 
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porting  the  respiration,  heart,  and  vasomotor  tone;  to  lessen  cooling,  pain, 
convulsions  and  coma. 

Respiratioii. — This  is  usually  the  first  function  to  fail,  and  this  accele- 
rates the  other  actions  of  the  poison  through  the  convulsant  and  paralytic 
effects  of  asphyxia,  and  by  preventing  the  destruction  of  poisons  through 
oxidation.  For  these  reasons,  it  is  well  not  to  wait  with  the  supporting 
measures  until  the  respiration  has  actually  failed,  but  to  begin  as  soon  as  it 
shows  signs  of  weakening.  The  measures  consist  in  direct  or  reflex  stimu- 
J  klion  of  the  respirator>^  center;  in  artificial  respiration;  and  in  the  adminis- 
tration of  oxygen. 

^9  Reflex  stimulation  of  the  respiratory  center  is  the  quickest,  but  can  not 
'  be  kept  up  as  long  as  the  direct  stimulation.  It  may  be  secured  by 
inhalation  of  ammonia  water  or  smelling  salts,  or  by  aromatic  sf)irits  of 
ammonia  (half  a  teaspoonful  in  a  glass  of  water);  the  alternate  application 
of  heat  and  cold  (whipping  with  wet  towels);  friction  with  alcohol;  hypo- 
ilermic  injection  of  camphorated  oil,  whiskey,  or  ether;  mustard  plasters; 

Ilpadi^ation. 
I  Direct  Stimulation  of  the  Respiratory  Center, — By  strong  hot  coffee, 
pychnin  (0.002  Gm.)  or  atropin  fo.ooi  Gm.y     The  respiration  may  also 
It  raised  by  impro-Nnng  the  circulation.     Saline  infusion  is  useful. 
Artificial  Respiration. — This  should  be  applied  whenever  the  above 
Ittasures  are  ineffectual. 

Very  prolonged  and  violent  artificial  re^iration  may  injure  the  lungs.  It  should 
*ho  be  remembered  that  artificial  respiration  is  apt  to  induce  apnea,  io  that  the  patient 
ddfi  not  breathe  spontaneously  simply  because  tliere  is  not  enough  COj  in  the  blcwMJ 
*o  stimulate  the  rcspirator>'  center.  If  the  hrnrt  is  strong,  the  artificial  respiration 
•fcooW  therefore  be  intermitted  occasionally  for  a  short  time. 

Oxygen* — This  is  useful  if  an  asphyxiant  gas  is  the  cause  of  the 
poiwniQg. 

Heart. — Attempts  to  revive  or  even  to  support  the  poisoned  heart 
directly  have  not  been  very  successful.  The  best  results  are  obtained  by 
the  injection  of  normal  saline,  possibly  with  the  addition  of  some  epi- 
Qcfthrin  (i;  100.000).  Digitalis  is  usually  unsuccessful.  Strong  rhyth- 
^ul  pressure  (rate  of  100  per  minute)  over  the  cardiac  region  of  the  chest, 
-     'r  helpful.     A  dilated  heart  can  sometimes  be  revived  by  withdrawal 

Vasomotor  Stimulation. — This  is  usually  accomplished  by  the  reflex 
stimulants  mentioned  under  respiration.  Lowering  of  the  head  and  ban- 
daging the  extremities  is  often  sufficient. 

Cooling. — This  is  prevented  by  the  application  of  external  heat;  pain 
by  morphin,  or  if  local,  by  cocain;  convulsions  are  controlled  by  the 
owtious  inhalation  of  chloroform;  coma  by  reflex  stimulants,  coffee,  and 
» tropin. 

Methods  of  Administering  Antidotes. — Physiological  antidotes  should 
be  given  h>Tiodermically  or  intravenously,  if  possible.  This  obxiatcs  the 
baa  of  the  antidote  through  vomiting,  and  the  action  is  more  prompt  and 
Btorc  certain. 

If  the  circulation  is  low  the  absorption  of  hypodermic  injections  may  also  be 
It  is  therefore  well  thoroughly  to  massage  the  site  of  the  injection,  and  if 
aUtioR  ha>  almost  stopiicd.  to  employ  vigorous  rapid  rhythmical  compression 
.  ^rt  (this  maintains  a  fairly  cf&cient  artifical  circulation  even  after  the  heart 

.  ,.,^t.i  beating). 
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R^sum^  of  the  General  Treatment  of  Poisoning — Promptness  is  of 
vital  injiportance.  The  physician  should  be  familiar  with  antidotes;  he 
should  have  these  antidotes  readily  accessible;  he  should  plan  his  treat- 
ment on  his  way  to  the  patient.  If  he  finds  the  condition  of  the  patient 
dangerous,  he  should  at  once  proceed  to  relieve  the  symptoms.  Otherwise 
he  should  first  administer  the  chemical  antidote  and  evacuate  the  stomach; 
apply  heat;  attend  to  the  respiration,  to  pain,  to  any  other  symptoms;  give 
a  diuretic,  and,  finally,  a  cathartic. 

Antidotes  for  First  Aid. — Every  physician  (and  every  drug  store)  should  keep  the 
following  antidotes  together,  in  a  special  satchel  ('^Antidote-Bag")  so  that  they  can  be 
readily  transported.  The  dose  should  be  written  on  each  container.  Amyl  nitrite 
pearls;  Apomorphin  tablets,  2  mg.;  Atropin  tablets,  x  mg.;  Caffein-sodium  benzoate 
Chloroform;  Cocain  hydrochlorid  tablets,  0.03  Gm.;  Tincture  iodin;  Copper  sulphate, 
powdered;  Lime  Water;  Magriesla,  calcined;  Potassium  permanganate,  i  per  cent, 
solution  (to  be  diluted  twenty  times);  Sodium  sulphate;  Spir.  Ammon.  Arom.;  Strychnin 
sulphate  tablets,  2  mg.;  Whiskey;  also  a  hypodermic  syringe  in  good  order,  and  a 
stomach-tube  with  funnel. 

The  following  should  be  demanded  at  the  house  of  the  patient:  Boiled  water; 
Coffee  (strong,  hot,  and  black);  Eggs;  Hot-water  bags;  Milk;  Mustard;  Salad  oil;  Salt; 
Soap;  Starch,  boiled;  Tea,  Vinegar.. 
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Parts  of  the  Prescription. — A  prescription  is  an  order  for  medicine 
sent  by  a  physician  to  a  pharmacist.  It  consists  of  the  following  parts 
(in  this  order) : 

1.  Superscription — ^The  heading  (I^). 

The  ^  stands  for  recipe,  take  thou.  The  stroke  is  generally  considered  an  ancient 
invocation  to  Jupiter;  but  probably  it  is  simply  a  sign  of  abbreviation  (McGuigan,  19x3). 

2.  Inscription. — ^The  ingredients  and  their  amounts. 

3.  Subscription. — The  directions  to  the  dispenser. 

4.  Signature, — The  directions  to  the  patient. 

The  prescription  should  also  bear  the  signature  of  the  physician,  the 
date,  and  the  name  of  the  patient. 

The  Inscription  may  consist  of  but  one  ingredient.  If  several  are  used, 
they  should  be  placed  in  the  following  order: 

Basis:  the  principal  substance. 

Adjuvant:  the  substance  which  is  used  to  aid  the  action  of  the  basis. 

Corrective:  whose  purpose  it  is  to  modify  or  correct  an  undesirable 
action  of  the  basis. 

Vehicle:  the  indifferent  substance  used  to  dilute  the  active  ingredients. 

The  following  is  the  type  of  a  complete  prescription: 

Superscription I^  Gm.  vel  CC. 

Inscription:      Basis I  Tincturse  Aconiti o   45 

Adjuvant '  Spiritus  Athens  Nitrosi 15 

Corrective 1  Liquoris  Ammonii  Acetatis 15 

Vehicle I  EUxiris  Aromatici 30 

Subscription i  Misce 

Signature | 

S.   Teaspoonful^  every  hour  in  half  a 
glass  of  water 


^Plurat,  "teaspoonfuU." 


Dr.  X.     . 

Jan.  1,  1905. 

For  Mr.  Y 
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The  names  of  the  ingredients  and  the  directions  to  the  pharmacists 
_Are  generally  written  in  Latin,  usually  vsnth  abbreviations;  but  they  may 
written  in  English.     With  liquid  mixtures,  the  directions  to  the  phar- 
jst  may  often  be  confined  to  M.  (misce,  mix). 

The  direciiofis  to  the  patUnt  (signature;  abbreviated  Sig.  or  S.,  for 

"signa/*  sign)  arc  always  written  in  English,  so  that  the  patient  can  read 

them.     The  directioos  should  be  explicit,  and  should  include  everything 

which  it  is  necessary  for  the  patient  to  know.    The  habit  of  giving  verbal 

instructions   to   patients  and   of   ha\^ng   the  medicine  labeled  ''use  as 

■^frected"   should  be  discouraged.    The  patient  or  relatives,  when  the 

^^pscription  is  given  to  them,  are  usually  in  a  more  or  less  excited  frame  of 

^^Bnd.  and  can  not  be  relied  upon  to  remember  what  is  told  them.     Medi- 

PBies  intended  for  external  application  should  be  plainly  labeled  to  that 

effect,  and  when  a  medicine  contains  pioison,  it  should  be  so  labeled,  except 

when  there  is  special  objection  to  this. 

The  custom  of  having  prescriptions  '"refilled''  obtains  in  many  locali- 
ties. If  the  physician  wishes  to  avoid  this,  he  may  write  "  non  repetatur" 
on  the  prescription. 

When  the  patient  is  very  poor,  the  druggist  may  be  invited  to  charge 
the  lowest  terms  by  writing  P,  P.  (Pauperissimus)  under  the  prescription, 
ll  is,  of  course,  not  just  to  do  this  if  the  physician  himself  receives  a 
rtijular  fee. 

Prestfiptions  for  Bahit  Forming  Drugs. — The  federal  law  requires  that 
I'rr^'  riptions  for  cocain,  or  for  opium  or  its  alkaloids  or  derivatives,  must 
m:  the  signature  of  the  physician  in  full;  his  address;  his  registry 
iuiiijii'r;  and  the  name  and  address  of  the  patient. 
Such  prescriptions  cannot  be  '* refilled. "     If  their  administration  is 
be  continued  the  ph^'sician  must  write  a  new  prescription. 
Forms  of  Administration.— If  the  medicine  is  to  be  used  iniernallyy 
may  l>e  prescribed  as: 

Solution. — If  the  ingredients  are  soluble  in  water,  alcohol  or  glycerin. 
Mixtures   or   emidsion^,    i.e.,   suspended    by   acacia,   if   insoluble    in 
Iter. 

Pffwder. — If  the  substance  does  not  have  a  very  bad  taste.  These  are 
ferrcd  to  the  following  preparations  if  the  dose  is  bulky,  or  if  the  sub- 
ice  is  to  be  dissolved  in  water  before  swallowing. 

U,  Capsules,  Etc. — If  the  sul)stances  are  solid  or  semisolid,  and  f)os- 
disagreeablc  taste;  or  if  they  are  to  act  locally  on  the  alimentary 

If  the  medicine  is  intended  for  external  u^e,  it  may  be  prescribed  as: 
Plaster. — If  the  action  is  to  be  prolonged  and  superficial. 
Ointmcnl. — If  the  action  is  to  be  deeper,  or  briefer. 
Lotions  or  Injections,  Eye-waters,  Gargles,  Etc. — If  it  is  soluble  in  water. 
Limment. — If  it  is  soluble  in  oil  or  alcohol. 

Siie  of  Prescriptions, — Fluids  should  be  prescribed  so  as  approximately 
6il  the  bottles  in  current  use  (15,  30,  60,  125,  150,  aoo,  400  c,c.)  (J^^, 
1. 1:  4:  6;  8  and  16  ounces). 

P  doses  and  eye-waters,  the  usual  amount  is  15  to  30  c.c.  (^5  to 

■  isfK)on  doses.  30  to  125  c.c.  (i  to  48  )i  for  gargles  and  injections, 

'to  150 c.c.  (2  to  6S  );  lotions,  120  to  200 c.c.  (4  to  85);  tablespoon  doses. 

to  400  c.c.  (6  to  16 5).     I'ills  are  prescribed  in  numbers  of  5  lo  25; 

pwrdcn,  I  to  12",  ointments,  10  to  30  Gm.  (J^  to  i3)> 
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The  Need  of  Practice  in  Prescription  Writing. — The  art  of  prescription  writing 
presents  considerable  difficulties  to  the  student.  Nevertheless  tne  principles  upon 
which  it  is  based  are  few,  simple,  and  easily  memorized.  When  asked  for  them,  the 
;Student  usually  has  no  difficulty  in  answering  the  questions.  The  difficulties  appear 
when  he  tries  to  put  these  principles  into  practice.  But  it  is  the  same  with  any  other 
art:  nothing  but  practice  will  give  expertness. 

The  student  who  would  master  this  subject  must  not  rest  content  with  doing  the 
few  exercises  which  can  be  given  him  in  class.  As  he  studies  each  drug,  or  as  he 
reads  up  the  treatment  of  diseases,  he  should  himself  compile  such  prescriptions  as 
the  subject  suggests.  This  will  not  only  aid  him  in  prescription  writing,  but  in  pharma- 
cology and  therapeutics  as  well.  It  is  only  in  this  way  that  he  can  acquire  the  necessary- 
self-confidence  and  skill.  In  this  home  practice,  method  and  detail  should  be  cultivated^ 
for  in  these  lies  the  secret  of. the  art.    The  following  rules  may  prove  helpful: 

Routine  Construction  of  Prescriptions. — When  writing  a  prescrip- 
tion for  a  given  condition,  put  down,  first,  the  name  of  the  best  remedy. 
Ask  yourself  whether  there  is  any  other  drug  which  may  be  employed 
to  aid  or  usefully  modify  this.    Put  this  down  also. 

Then  consider  in  which  form  the  medicine  should  be  administered, 
whether  as  liquid,  powder,  salve,  etc.  This  will  usually  determine 
which  preparation  of  the  ingredient  is  to  be  employed.  Put  this  down 
also. 

Then  ask  yourself  what  may  be  added  to  render  the  mixture  agreeable 
to  the  patient.  Add  the  vehicle.  When  this  is  written,  all  the  ingredients 
will  be  represented. 

Now  look  over  this  carefully  and  see  that  there  are  no  incompatibili- 
ties and  that  the  constituents  are  soluble  if  the  mixture  is  to  be  a  liqmd. 
Write  the  directions  to  the  dispenser.  Assure  yourself  that  the  prescrip- 
tion is  grammatically  correct  (especially  the  endings). 

Decide  how  many  days  the  mixture  is  to  be  taken,  and  how  many  doses 
a  day  (on  the  basis  of  sixteen  hours  to  the  day).  Decide  whether  the  dose 
of  the  total  mixture  is  to  be  a  teaspoonful,  tablespoonful,  etc.  By  multi- 
plying the  total  number  of  doses  with  the  size  of  the  single  dose,  ascertain 
the  approximate  size  of  the  mixture.  Round  this  off  to  a  convenient 
figure.  Multiply  the  single  dose  of  each  ingredient  by  the  total  number 
of  doses  (again  reducing  the  quantities  to  round  numbers,  unless  the 
constituent  is  very  active).^  Check  the  doses.  Write  the  directions  to 
the  patient.  Consider  whether  a  non  repetatur  is  advisable.  Affix  your 
signature,  the  date,  and  the  name  of  the  patient.  This  finishes  the 
prescription.     Look  over  the  result  carefully  in  the  same  order. 

It  would  seem  almost  superfluous  to  mention  that  it  is  extremely 
essential  in  writing  prescriptions  to  use  as  legible  handwriting  as  possible. 
It  is  astonishing,  in  view  of  the  dire  results  that  may  follow,  how  often 
this  self-evident  rule  is  disregarded.  The  same  remarks  apply  to  abbrevia- 
tions. While  it  is  justifiable  to  employ  abbreviations  even  extensively, 
it  is  necessary  to  make  these  in  such  a  way  that  they  can  not  possibly  be 
misinterpreted.  It  is,  therefore,  advisable  to  employ  the  official  abbrevia- 
tions which  are  given  under  the  "Preparations.'* 

An  efficient  aid  in  acquiring  practice  in  writing  prescriptions  is  to 
look  over  a  druggist's  prescription  file,  when  this  may  be  done. 

The  copying  of  a  prescription,  ingredient  for  ingredient  and  dose 
for  dose,  is  as  much  empiricism  as  the  use  of  any  other  ready-made  com- 
pound.   The  physician  should  be  well  enough  educated  to  devise  his  own 

>  One  may  also  write  the  quantities  fur  a  sinfile  dose,  and  state  in  the  subscription  the  aumber 
of  doses  desired:  "Pac  tales  doses  no.  XX"  (ma^e  ao  such  doses.) 
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prescriptions  and  to  select  such  ingredients  as  will  best  suit  the  special 
needs  of  the  case  in  hand. 

Simplicity  in  Prescription  Writing. — Formerly  the  ingredients  of  a 
j^rescripLion  were  ahnosl  numberless.     This  was  in  the  time  of  empiricism, 
aJid  was  simply  an  application  of  the  idea  that  in  a  large  mixture  of  sub- 
stances there  would  probably  be  one  which  would  do  good.     This  Was  the 
so-called  '*  shot-gun  prescription."    At  present  the  tendency  in  prescrip- 
tion writing  is  to  make  the  prescription  as  simple  as  possible.    This 
avoids   incompatibilities,   and,   what  is   more    important,    makes    the 
actton  of  the  medicine  more  easy  to  watch  and  control.     Especially, 
one  should  avoid  to  combine,  in  the  same  prescription,  drugs  which  differ 
markedly  in  quickness  of  action,  absorption  or  elimination;  or  habit- 
producing  drugs  with  others  that  will  presumably  be  used  for  long  periods. 

If  Lbe  prescription  includes  a  number  of  mixtures,  each  containing  several  ingredJenUi 
«ch  u  the  nurabrrlcss  preparations  now  put  on  the  market  by  many  firms,  the  result 
is,  of  course,  as  much  a  shot-gun  "  prescnption  as  if  the  prescribcr  hod  enumerated  all 
(be  ingredients. 

Posology  (Doses). — The  dosage  of  drugs  must  be  adapted  to  the 
individual  patient.  The  Pharmacopeia  states  'Wverage  Doses"  (adult) 
for  each  preparation  that  is  likely  to  be  used  internally;  but  these  are 
not  intended  to  be  binding  on  physicians.  They  are,  however,  convenient 
approximations  for  memorizing.  The  metric  and  apothecaries'  doses 
in  the  U.S.P.  are  not  intended  as  mathematical  equivalents,  but  represent 
rather  the  quantities  that  would  be  used  by  prescribers  in  these  systems. 

The  doses  of  crude  drugs  are  given  mainly  as  a  basis  for  calculating 
tile  preparations. 

^aTJTTifti  Doses. — The  pharmacist  is  supposed  to  check  the  quantities 
of  the  ingredients,  and  not  to  dispense  a  prescription  containing  an 
tmusiksJ  dose  of  a  powerful  poison  without  convincing  himself  that  the 
physician  prescribed  this  intentionally.  While  this  docs  not  in  any 
^y  lessen  the  resf>onsibiUty  of  the  physician,  it  is  a  safeguard  which 
deserves  all  encouragement.  To  avoid  delay,  it  is  customary  to  mark 
kfgr  doses  in  such  a  way  that  the  pharmacist  will  have  no  doubt 
Uat  they  are  intentional.    Thus: 

Tr.  aconiti,  3j  or  3j^  or  Sj  Q*  ^'  (quantum  rectum),  the  last  being 
the  best. 

Most  foreign  pharmacopeias  (but  not  the  U.S.P.  or  B.P.)  give  tables 
of 'Maximum  Doses;"  not  with  the  purpose  of  restricting  the  physician, 
bat  as  a  guide  to  the  pharmacist.  The  latter  is  not  permitted  to  dispense 
doaes  larger  than  these,  unless  the  physician  indicates  specifically  (as 
opiaincd  above)  that  the  larger  doses  are  intentional.  The  maximum 
doses  in  this  book  are  taken  from  the  compilation  of  the  U.S.P.  Digest, 
1012,  pp.  40-42. 

TabU  of  MaximaJ  Doses. — An  extensi\'e  table  based  on  the  data  of  foreigD  pharma- 
cepeiu  is  given  by  Wilbcrt.  1017  fU.  S.  Hyg.  Lab.  Bull.  107,  p.  22). 


PRESCRIPTION  LATIN 

It  is  customary,  but  not  compulsory,  to  write  the  inscription,  and  often 
\ht  subscription,  in  Latin.  It  is  assumed  that  the  student  who  intends 
to  use  this  language  is  fairly  familiar  with  its  grammar.  The  following 
a  iotcoded  merely  to  recall  some  of  the  more  important  facts. 
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Advantages  of  Latin. — The  use  of  the  Latin  names  of  drugs  !s  generally  urged 
because  they  are  more  definite  and  concise,  and  less  liable  to  change  than  common 
names;  and  because  they  serve  to  keep  the  patient  in  ignorance  of  the  nature  of  the 
drugs.  This  is  sometimes  desirable, /.i.,  to  guard  against  drug  habits.  However,  the 
official  English  names  are  equally  definite;  and  as  either  names  are  usually  abbreviated, 
there  is  litde  difference.  As  a  matter  of  fact,  less  than  5  per  cent,  of  the  U.S.P.  ''Latin  " 
names  are  really  Latin  (Oldberg,  19x0). 

In  the  directions  to  the  dispenser,  Latin  has  no  advantage,  except  in  the  brevity  of 
the  customary  abbreviations.  Indeed,  unusual  Latin  terms  are  apt  to  lead  to  mistakes. 
The  discarding  of  Latin  in  prescription  writing  is  being  actively  discussed  (Fantus, 
1916). 

Grammatic  Rules.— The  superscription,  R  (recipe:  "take  thou")» 
requires  the  name  of  the  substance  to  be  in  the  genitive,  if  the  quantity 
is  given,  the  quantity  itself  being  in  the  accusative  (the  latter  is,  of  course, 
very  rarely  written  out  in  full).  When  the  quantity  is  not  given,  the  name 
of  the  substance  is  to  be  placed  in  the  accusative.  Adjectives  agree  with 
their  nouns  in  gender,  number,  and  case. 

These  rules  will  generally  be  understood  by  translating  into  EngUsh: 
e.g.y  Take  thou  of  tincture  of  aconite  i  ounce. 

The  following  rules  for  the  formation  of  the  genitive  case  will  be  found  valuable 
("Mann's  Manual"): 

Rule  x. — All  nouns  ending  in  &yform  the  genitive  in  e;  as  Quinina,  Quininee.  Exce^ 
tions:  Aspidosperma,  Physostigma,  and  Theobroma  form  the  genitive  in  atis.  Folia 
is  plural;  genitive,  folionim. 

Rule  2. — All  nouns  ending  in  us,  um,  os,  on,  form  the  genilive  in  i;  as  Conium, 
Conii.  Exceptions:  Rhus,  gen.  Rhois;  Flos,  gen.  floris;  Erigeron,  gen.  Erigerontis. 
Fructus,  Cornus,  Quercus,  Spiritus  do  not  change. 

Rule  3. — AU  other  nouns  of  whaiever  termination  make  the  genitive  in  s,  or  is.  £Uxir» 
gen.  Elixiris. 

Some  lengthen  the  termination  thus: 

as,  genitive  atis;  as  Acetas,  Acetatis. 

is,        "  idis;  as  Anthemis,  Anthemidis. 

o,         "  onis;  as  Pepo,  Peponis. 

X,         "  ids;  as  Cortex,  Corticis. 

There  are  a  few  excebtions.  Asclepias,  gen.  Asclepiadis;  Mas,  gen.  Maris;  Phosphis, 
Sulphis,  etc.,  gen.  itis;  Mucilago,  gen.  Mudlaginis;  Solidago,  gen.  Solidaginis;  Pulvis, 
gen.  Pulveris,  etc. 

The  foUowinjg  words  do  not  change  in  their  genitive:  Azedarach,  Buchu,  Cannabis^ 
Catechu,  Condurango,  Cornus,  Curare,  Cusso,  Fructus,  Digitalis,  Hydrastis,  Jaborandi, 
Kino,  Matico,  Quercus,  Sassafras,  Sago,  Sinapis,  Spiritus,  Gambir,  Sumbul. 

The  accusative  is  rarely  employed.  It  is  formed  according  to  the  following  rules 
(Mann): 

Rule  i. — Nouns  singular  ending  in  a.,are  feminine,  and  make  the  accusative  singular 
in  am  and  the  plural  in  as.    Example:    Drachma,  ace.  sing.  Drachmam,  pi.  Drachmas. 

Rule  2. — Those  ending  in  um  or  us,  make  the  accusative  singular  in  um.  The  accusa- 
live  plural  of  those  in  us  is  os,  and  of  those  in  um  is  a.  Those  in  us  are  masculine,  those 
in  um  are  neuter: 

Congius,  ace.  sing.  Congium;  ace.  pi.  Congios. 
Granum,  ace.  sing,  Granum;  ace.  pi.  Grana. 

Rule  3. — Those  whose  genitive  ends  in  is,  form  the  accusative  in  em,  plural  es. 

Attention  is  also  called  to  the  fact  that  adjectives  change  their  endings, 
a  fact  which  the  student  is  apt  to  forget. 

The  following  prepositions  are  frequently  used,  and  command  the  fol- 
lowing cases: 

ad to accusative. 

ana* of  each genitive. 

cum with ablative. 

in into accusative. 

1  Prom  the  Greek. 
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The  following  Latin  words  and  phrases  occur  frequently  in  prescrip- 
tions (adapted  from  Mann) : 

ad to,  up  to 

ad  libitum at  pleasure 

adde ado  (thou) 

ana  (U) of  each 

aqua  bulUens boiling  water 

"    fontana spring  water 

"    fervens hot  water 

"    destillata distilled  water 

bene well 

bis  in  dies twice  daily 

cape,  capiat take,  Let  him  take 

charta a  paper  (medicated) 

chartula a  small  paper  for  a  powder 

cibus food 

cochleare  magnum a  tablespoon 

'*        parvum a  teaspoon 

cola,  colatus strain,  strained 

coUyrium an  eve  wash 

congius  (C.) a  gallon 

cum with 

dilute,  dilutus dilute  (thou),  diluted 

dimidius one-half 

divide  (Div.) divide  (thou) 

dividendus to  be  divided 

dividatur  in  partes  nquales let  it  be  divided  into  equal  parts 

dosis a  dose 

extende  supra spread  upon 

fac,  fiat,  fiant  (ft.) make,  let  be  made,  let  them  be  made 

fac  talcs  doses make  such  doses 

fillra filter  (thou) 

gargarisma a  gargle 

gutta,  gutte  (gtt.) a  drop,  drops 

haustus a  draught 

bora an  hour 

bora  somni just  before  going  to  sleep 

hora  decubitus at  bed  time 

in  dies daily 

imtar like  (with  genitive) 

Uc milk 

libra  (lb.) a  Troy  pound 

tntoe  primo very  early  in  the  morning 

nagnus large 

nisce  (M.) mix 

more  dictu as  directed 

MO  rcpetatur do  not  repeat 

vunerus,  numero  (No.) a  number,  in  number 

Ktuios  (O.) a  pint 

wum an  egg 

pirs a  part 

pwles  scquales  (P.  le.) equal  parts  (governs  genitive) 

puvas small 

pilala  (pil.) a  pill 

pro  re  nata  (p.r.n.) according  to  circumstances,  occasionally 

polris  (gen.,  pulveris) a  powder 

qaantom  suffidt  (q.  s.) as  much  as  is  necessary 

QUqoc  hora every  hour 

rcnm)  semisse  (ss.) and  a  half 

■ptt sign 

«ae without 

■  opus  sit if  necessary 

Kw.  solutus dissolve,  dissolved 

loiatb a  solution 
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statim immediately 

talis such 

tritura triturate 

tere  simul rub  together 

ter  in  die  (t.i.d.) three  times  a  day 

vitellus the  yolk  (of  an  egg) 


COLORING  Aia>  FLAVORING 
COLORING 

Liquid  prescriptions  intended  for  internal  administration  should  be 
dear  if  possible.  It  might  be  well  to  mark  such  prescriptions  "  filtra." 
The  appearance  may  often  be  materially  improved  by  the  addition  of  some 
coloring-matter,  and  this  may  also  prove  useful  dirough  its  suggestive 
element.  The  nature  of  the  coloring-matter  must  vary  according  to  the 
nature,  and  especially  the  reaction,  of  the  mixture.  The  usual  colors  for 
internal  use  are  red,  brown,  and  yellow.  Anilin  dyes  should  be  avoided, 
except  methylen  blue  and  gentian  violet  for  external  preparations. 

The  most  useful  dyes  are  the  following: 


Red 


Brown 


YeUow 


For  alkaline  or  neutral  fluids; 

For  acid  fluids: 
For  powders: 


Tt.  Cardamomi 

Co. 
XJQ,   Carmini 
Tr.  Peinonis 

Carmine 


Fldext.    Glycyr- 
rhizie 

Elixir    Adjuvans 
Caramel 


Tr.  Hydrastis 


Tr.  Hydrastis 
Tr.    Curcuma 


PREPARATIONS — RED   COLORS* 
P&EPAKATIONS — R£D    COLORS^ 

Coccusj  Cochineal,  U.S.P.,  B.P. — The  dried  female  insect  of  Coccus  Cacti. 

Tr.  Cocc.j  B.P. — xo  per  cent.     Dose,  0.03  to  o.i  c.c,  s  to  15  minims,  B.P. 

Carminum^  Carmine. — A  [>recipitate  obtained  from  decoction  of  cochineal  by  alum 
or  cream  of  tartar.  Soluble  in  alkalies,  brightened  and  precipitated  by  acids.  Also 
soluble  in  alcohol.    Contains  carminic  acid.     Used  in  powders,  etc.  (x  :  500). 

*Liquor  Ccurmini  (Liq.  Carm.). — A  glycerinated  extract  of  carmine.  Pink  to  deep 
red  in  alkaline  solutions,  precipitated  oy  acids.  Used  in  the  proportion  of  about  x 
per  cent. 

i*Tr.  Cardamomi  Co.  (Tr.  Card.  Co.). — An  aromatic  alcoholic  (50  percent.)  vehicle, 
colored  with  cochineal.     Used  undiluted  (see  Index). 

*Tr.  Persionis  (Tr.  Persion.);  Tincl.  of  Cudbear  (a  lichen  allied  to  litmus). — Red  in 
neutral  or  add,  purplish  in  alkaline  solutions.  Used  in  the  proportion  of  about  1.5 
per  cent. 

Santalum  Rubrum  (Santal.  Rub.),  U.S.P.;  Pterocarp.  Lign.j  B.P.,  Red  Saunders. — 
The  heart-wood  of  Pterocarpus  santalinum.     Used  in  Tr.  Lavand.  Co. 

PREPARATIONS — THROWN   COLORS 

Caramel  is  a  concentrated  aqueous  solution  of  carbonized  sugar.  Commercial 
caramel  is  generally  made  by  heating  glucose  with  a  little  alkali,  until  the  sweet  taste  is 
destroyed  and  a  uniform  dark  mass  results.  It  is  probably  a  complex  mixture.  Cara- 
mel from  cane-sugar  according  to  StoUe,  1899,  is  a  single  substance,  diHiaOt,  formed 
by  the  elimination  of  two  molecules  of  water  from  sucrose.  Caramel  is  being  tried  in 
diabetes,  being  apparently  well  tolerated  (Grafe,  1914;  Umber,  1915). 

*  Fldext.    Glycyrrhize  and  *  Elix.  Glycyrrh.  (see  Index). 

•  The  preparations  of  each  class  are  generallj^  arranged  alphabetically  under  the  crude  dnijp< 
The  important  preparations,  which  the  student  is  expected  to  study,  are  marked  •.  In  addition 
to  these,  he  should  glance  over  the  corresponding  crude  drugs. 


FLAVORS 


6s 


PREPARATIONS — YELLOW  COLORS 

C^rotnst  Saffron,  has  been  used  as  abortUacicni;  but  it  apparently  lacks  this  action 
afld  is  practically  oon-toxic  (CevidaLli,  1014). 

•Tr.  Curcumoi  (Tr.  Curcum.)  (Turmeric)  precipitates  with  water,  but  sufficient 
remains  in  solution  to  impart  a  yellow  color.  Used  in  ratio  of  i  per  cent.  Curcuma 
changes  to  reddish  brown  in  alkalies. 

*Tf.  Hydrastis  (Golden  Seal)  is  used  similarly  (sec  Index). 

FLAVORING 

This  subject,  although  often  neglected,  is  quite  important.  It  not 
only  humors  the  patient  and  secures  more  conscientious  compliance 
with  the  prescription,  but  also  often  aids  absorption  and  digestion — just 
15  condiments  do  in  foods. 

Patients  often  fail  to  take  a  disagreeable  medicine,  and  the  physician  should  always 

'Tin  the  lookout  for  such  cases.     He  should  approximately  control  the  amount  taken 

n^  as  to  the  quantity  left  in  the  container,  as  he  should  also,  in  general,  control 

ine  dispensed  by  the  druggist  as  to  iL^  appearance  and  taste. 

[>auents  carry  the  deceit  further  and  pour  away  the  appropriate  amount  of 

ine,  and  if  the  physician  docs  not  obtain  the  anticipated  results,  it  may  be 

-'ui  ID  prescribe  some  test  medicine,  such  as  salol  (0.3  Gm.),  or  potassium  iodid  (0.5 

*''m),  which  can  be  detected  in  the  urine. 

Improving  the  Taste  of  Liquid  Medicines. — This  may  be  done  by 
iWution,  sweetening;  demulcents;  aromatics;  alcoholics;  acids;  bitters; 
and  drugs  which  paralyze  the  taste-endings.  Several  of  these  means  are 
"ftrn  combined. 

Simple  Dilution. — This  is  often  most  effective  for  salts,  alkalies, 
chltiral  and  other  hypnotics;  and  in  general,  substances  with  disagreeable 
but  not  ver>'  marked  taste.  These  should  be  taken  in  a  half-glass  or 
glass  of  water,  milk,  tea.  or  carlx)nated  water. 

The  Most  Important  Flavors. — The  following  will  be  found  to  be  gener- 
ally sufficient: 

To  disguist  bitter  taste:  Aromatics  (Tr.  Cardamomi  Co.;  Elixir  Aro- 
mioc;Syr.  Aurantii);  for  children,  Glycyrrhiza,  Aq.  Anisi,  Syr.  Tolutanus. 

To  diif^uise  a<rid  taste:  Aromatics  as  above;  also  syrups,  acacia, 
wil  flavors  CSyr,  Aurant.). 

To  disguise  salty  or  alkaline  taste:  Dilution  with  simple  or  carbonated 
<Tan»matic  water  or  milk. 

Tfl  disf(uise  oily  taste:  Aromatics  (Oil  or  Spirit  of  Peppermint,  lemon, 
WMgc,  wintergreen  or  almond,  according  to  personal  preference). 

For  insipid  drugs:  Aromatics  and  acids  (Syr.  Aurantii). 


PREPARATIONS 


SUGARS    AND    HONEYS 


^StitkArum  (Sacch.),  U.S.P.>'  Saccltarum  PuriJicAium  (Sacch.  Pur.),  B.P.;  Sugar 
IU«KorBert>.Ci)IinOii- — Ver>'  sol.  in  wattr  (i  :o.5).  slightly  in  alc.^  (i  :  170).  Used 
^  wettcning  powders,  for  the  administration  of  volatile  oils  (clcosacchara),  and  the 
PKVwition  of  &yrups,  elixirs,  etc. 

*S»f?*  ,../ .'...-vj. — In  cases  where  sweetening  is  desired  and  sugar  is  excluded, 
(■Aflila  '  -.  of  diabetes,  the  artifitid.1  synthetic  product  saccharin  may  be 

*^tiii  1         -iljout  300  limes  as  sweet  as  sugar,  but  the  taste  is  not  exactly  the 

P.*  st»nd*  for  preparations  official  in  the  United  States  PharauiCDpeui;  "B.P.."  Brituh 
-^;    "  N.S.R-."     New    and     Non'Officiol    RvmediM;    "N.P.,"     National    Pormulary; 

liniUh  Ptuirmaccutic  Codex. 
'  >tio«inff  abbrevulioiu    will   be   tucd   in    connectinn    irith   anlubilitieft.      Ale:.    *  ulcuho); 
r°vio;   eth.  —  ether;  chlori.  *  chloroform.     The  Bgurefl  refer  to  the  parts  oi  the  solvent 
CO  4iao1ve  i  part  of  dnis  {f.i.,  1  :  0.5  -  i  pan  of  dnis  dissolves  in  0.5  part  of  iolveai). 
rc^eif  to  xs'C.  (room  temperature),  unless  otherwise  stated. 
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same.  The  dose  for  a  cup  of  coffee  or  tea  is  about  >^  to  i  gr.  Glycerin  is  another 
sweetening  substance  which  does  not  contain  sugar,  and  is.sometimes  employed  in  place 
of  saccharin.  A  principle  of  quite  a  different  kmd  is  the  glucosid  of  glycyrrkiza.  This 
acts  only  in  alkaline  liquids.    It  has  no  taste  if  the  liquid  is  made  acid. 

Many  other  substances  have  a  sweet  taste.  Attempts  to  connect  this  with  the 
chemic  structure  (Haycraft,  1882;  Sternberg,  1898)  have  not  been  very  successful. 

*Saccharum  Lactis  (Sacch.  Lact.),  U.S.P.,  B.P.;  Sugar  of  Milk  (Lactose);  CizHtiOir 
HaO. — White,  hard,  crystalline  masses,  or  white  powder,  feeling  gritty  on  the  tongue; 
odorless;  faintly  sweet  taste.     Freely  sol.  in  water  (i  :  4.9);  almost  insol.  in  ale. 

Glttcosum  (Glucos.),  U.S.P.,  B.P.,  Glucose  (Syrupy). — The  product  obtained  by  the 
hydrolysis  of  starch,  consisting  chiefly  of  dextrose,  maltose  and  dextrins.  Colorless,  or 
slightly  colored,  thick,  syrupy  liquid.     Very  sol.  in  water,  sparingly  sol.  in  ale. 

Its  use  as  a  food  is  apparently  not  deleterious.  White  rats  have  consumed  commer- 
cial glucose  in  quantities  equivalent  to  200  grams  per  man,  daily  for  six  months,  without 
bad  effects  (Carlson  et  al,  19x6). 

Syr.  Glucos,  B.P. — Glucose  i,  syruj)  2. 

Dextrose,  N.N.R. — Prepared  artificially  by  the  action  of  dilute  acids  on  starch;  is 
sometimes  used  as  nutrient  (to  x8o  Gm.,  6  ounces  daily);  and  as  an  addition  to  saline 
infusion  liquids  (o.z  percent). 

Mel,  U.S.P.— Honey. 

Mel  Depuratum  (Mel  Depurat.),  U.S.P.,B.P.— Clarified  Honev. 

Oxymel,  B.P. — Honey  with  H  acetic  acid.    Dose,  2  to  8  c.c,  J^  to  2  drams. 

Rosa  Gallica  (Rosa  GaU.),  U.S.P.;  (Ros  GaU.  Pet.),  B.P.— Rose  Petals. 

Conf.  Ros.  Gall.,  B.P. — 25  per  cent,  of  fresh  Rose  Petals. 

Md  Rosa,  U.S.P.;  Honey  of  Rose.— Fldxt.,  i;  Honey,  7. 

Fldext.  Ros.,  U.  S.P. — Dose,  2  c.c,  30  minims,  U.S.P. 

Syr.  Rosa  (Syr.  Ros.),  B.P. — Dose,  2  to  4  c.c,  J^  to  i  dram,  B.P. 

Rhaados  Petala,  B.P.— Red  Poppy  Petals. 

Syr.  Rhaad.,  B.P. — Dose,  2  to  4  cc,  H  to  i  dram,  B.P. 


PREPARATIONS — FLAVORING    SYRUPS 

*Syrupus  (Syr.),  U.S.P.,  B.P.;  Syrup. — A  strong  aqueous  solution  of  sugar  containing 
85  Gm.  of  sugar  in  100  c.c  of  syrup,  U.S.P.  (66.7  Gm.  in  100  Gm.  of  sjrrup,  B.P.). 
Miscible  with  water  or  alcohol.  It  is  more  commonly  employed  in  the  form  of  the 
flavored  syrups.     Their  dose  is  ad  libitum. 

*Syrupus  Acidi  CUrici  (Syr.  Acid.  Cit.),  U.S.P. — A  i  per  cent,  solution  of  citric  acid, 
flavored  with  sugar  and  lemon  peel. 

Limonis  Cortex  (Limon,  Cort.),  U.S.P.,  B.P. — ^Lemon  peel  (fresh), 

01.  Limon.,  U.S.P.,  B.P. — A  volatile  oil  obtained  by  expression  from  the  fresh,  ripe 
peel  of  Citrus  medica  var.  Limonum.  Dose,  0.2  c.c,  3  minims,  U.S.P.;  0.03  to  o.iS* 
c.c,  H  to  3  minims,  B.P. 

Syr.  Limon,  B.P. — About  50  per  cent,  of  lemon  juice,  flavored  with  lemon  peel. 

Tr.  Limon.  Cort.,  U.S.P-:— 50  per  cent. 

Tr.  Limon.,  B.P. — 25  per  cent.    Dose,  2  to  4  c.c,  )^  to  i  dram,  B.P. 

Aurantii  Amari  Cortex  (Aur.  Amar.  Cort.),  U.S.P.;  Aurani.  Cort.  Sice.,  B.P.;  BitteC 
Orange  Peel. — The  dried  rind  of  the  fruit  of  Citrus  Aurantium  amara.  Dose,  i  Gm.« 
IS  gr.,  U.S.P. 

Aurant.  Cort.  Rgc,  B.P.— The  fresh  peel. 

Fldext.  Aur.  Amar.,  U.S.P. — Dose,  i  cc;  15  minims,  U.S.P. 

Inf.  Aurant.,  B.P. — 5  per  cent.    Dose,  15  to  30  c  c,  H  to  1  ounce,  B.P. 

Inf.  Aurant.  Co.,  B.P. — 25  per  cent.,  with  lemon  and  cloves.  Dose,  15  to  30  cc.  S 
J^  to  I  ounce,  B.P. 

01.  Aur.,  U.S.P. — Dose,  0.2  cc,  3  minims,  U.S.P. 

Spir.  Aur.  Co.,  U.S.P. — 20  per  cent,  of  orange  oil,  with  oils  of  lemon,  coriander  ancS 
anise. 

*Syrup.  Aurantii  (Syr.  Aur.),  U.S.P.,  (Syp.  Aurant.),  B.P.;  Syrup  of  Orange,-^* 
Flavored  with  orange  peel.  The  U.S.P.  contains  H  per  cent,  of  citric  acid.  Doa^a 
2  to  4  c.c,  )4  to  I  dram,  B.P. 

Tr.  Aur.  Amar.,  U.S.P.,  20  per  cent.  Tr.  Aurant,  B.P.,  25  per  cent. — Dose,  4  cc^j 
I  dram,  U.S.P.;  2  to  4  cc,  3^  to  i  dram,  B.P. 

Vin.  Aurani.,  B.P. 

Aurantii  Dulcis  Cortex  (Aur.  Dulc  Cort.),  U.S.P. — From  Citrus  Aurantium  sin« 

Aurant.  Cort.  Ind.,  B.P. 
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Aq.  Aur.  Flor.,  U.S.P.;  Aq.  Aurani.  Flor.,  B.P.;  Orange  Flower  Water— A  50  per 
«nL  U.S.P.  (33  per  cent.  B.P.)  dilution  oi  the  Stronger  Water. 
^^^  Aq.  Aur,  rU/r.  Fort. ,  U.S. P.— The  satunilpci  aqueous  distillate  prepared  by  disliUing 
^^M fresh  flowers  of  Citrus  Aurantium  amani  with  water. 

^■^5yr.  Aur.  Fior.,  U.S.P.;  Syr   Aurant.  Flor.,  B.P.;  Syrup  of  Orange  Flowera. — Dose, 
^^p  4  C.C.,  Ir^i  to  I  dram. 

^^B  'Elixir  Aromaiuum  (Elix.  Arom.),  U.S.P.  (Simple  Elixir). — Syrup  containing  about 
^^■prr  cent,  of  alcohol  and  flavored  with  aromadcs  (Comp.  Spir.  Orange). 
^^M  FLUrt.  Arofn.^  U.S.P. — From  Pulv.  Arom.     Dose,  i  c.c,  15  minim<;,  US  P. 
^^  Puiv.    Arom.,    U.S.P. — Cinnamon,    Ginger.    Cardamon    and    Myristica.     Dosr,    t 
fim.  IS  ffr-v  U.S.P. 

Syr.  Aromai.^  B.P. — Flavored  with  orange  and  cinnamon.  Dose^  2  to  4  c.c,  ^^  to  r 
ilram.  B.P. 

ayfyrrkiza  (Clycyrrh).  U.S.P.;  (dycyrrh.  Rtui.),  B.P.— The  dried  rhizome  and  roots 
«>f  Glycyrrhiza  glabra  t\*pica,  Spanish  Licorice;  or  of  Glycyrrhiza  glabra  glandulifera, 
Russian  Licorice.     Dose,  3  Gra.,  ,io  gr.,  U.S.P. 
Eiix.  Glycyrrh.,  U.S.P.  (Elix.  Adju>'an5).— FIdext.  i;  Eli%.  Arom.  7. 
Eli,  Clycyrrh.,  U.S.P. — Commercial  Extract  of  Glyc>Trhiia  (licorice). 
Exi.  Glycyrrh.  Pur.,  U.S.P.;  Exi.  Gty(yrrk.,  B.P. — An  evaporated  water>',  pilular 
irt. 

'Ftuulextractum  Glycyrrhiza  (Fldext.  Glycyrrh),  U.S.P.;  Ext.  Glycyrrh.  Liq.,  B.P.— 
[titer)'  extract  of  Glycyrrhiza  (licorice  root),  preserved  with  25  per  cent,  of  alcohol. 
U.S.P.  contains  some  ammonia  to  dissolve  tlic  sweet  glucosid,  Glyeyrrhizin.     This 
Iprrcipilated  by  adds,  which  are  therefore  Incompatiblr.    It  is  miscible  with  water  or 
>hoI.     Mixed  in  the  proportion  of  i  :  7  with  syrup  or  elixir,  it  is  a  good  vehicle  for 
in,  etc.     Dose,  2  cc,  30  minims,  U.S.P.;  2  to  4  c.c.  '-5  to  1  dram,  B.P. 
Glycyrrhizin  belongs  to  the  saponins,  although  it  does  not  have  the  typical  formula 
'rfors  not  hcmolyzc  (Robert,  1915;  he  also  describes  a  new  chemic  test).     The  bark 
t'rise  contains  resins.     Composition:  Houseman,  1916. 
l^Glycyrr. — Fldext.  1;  Syrup  7. 

rkianHtn  Ammoniaium  (Glycjrrh.  Ammon.),  U.S.P. — Dark  brown  or  brown- 
ies, without  odor,  and  having  a  very  sweet  taste.     Freely  sol.  in  water  and 
»lc     Dose.  0.25  Gm.,  U.S.P. 
*5yf.  Toiutanus  (Syr.  Tolut).  U.S.P.;  Syr.    Tola.,   B.P. — Prepared    from    Tolu 
BiUun.    Do%r^  15  c.c.  4  dram.  U.S.P.;  2  to  4  c.c,  H  to  i  dram,  B.P. 

VanUlinum,  U.S.P.;  Vanillin.  Mcthyiprotocatechuic  aldehyd  (CJIr  OH-OCnrCOU 
4  1:1). — Fine,  white,  crystalline  needles;  odor  and  taste  of  vanilla.  Sol.  b  water 
(> :  100);  freely  sol.  in  ale,  glyc.  or  elh.    Dose,  0.03  Gra.,  H  gr.,  U.S.P. 


AROMATIC   WATERS,    SPIRITS    AND   OILS 


^omaik  WaUrs. — These  are  miscible  with  water  or  alcohol.    Their 
flow  is  ad  libitum. 

Spirits, — These  are  used  in  alcoholic  and  oily  liquids,  in  the 
■  >f  3  per  cent.     They  are  immiscible  with  water. 
:    •/tmiic  Oils. — These  may  be  used  for  flavoring  alcoholic   or  oily 
in  the  proportion  of  0.2  per  cent.     However,  the  spirits  are  gcn- 
1 1  referred, 
■\*('mtUk  Tinctures. — These  are  used  similarly  to  the  Spirits.     None 
"ilhe  simple  tinctures  are  especially  important. 

'^  rrie  flavors,  such  as  Gaullheria.  etc.,   have  also    more    important 
.  and  will  not  be  discussed  here. 

•>m  (.Vnis).  U.S.P.;  Anis.  Frucl.,  B.P. — The  dried  ripe  fmil  of  Pimpinclla 
Dosr.  o.5Gm.,  8gr..  U.S.P. 

U  S,P..  B. P.— Anise  Water.    Dose,  15  c.c,  4  drams.  U.S.P. 
U.S.P.,  B.P. — 10  per  cent.     Dose^  2  c.c,  30  minims.  U.S.P.;  0,3  to  1.2 
inims,  B.P. 

U.S.P..  B.P. — The  volatile  oil.     Dose,  0.2  c.c,  3  minims,  D.S.P.;  o-oj 
f  tr.  J,  minims,  B.P. 
'     -  P.  (Fennel  seed). — The  dried  ripe  fruiu  of  cultivated  varieties  of 
iWbiJ-.  .      Dnsc,  1  Gm.,  15  gr.,  U.S.P. 
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Aq.  Fcsnic.y  U.S.P.,  B.P.— Fennel  Water.    DosCy  15  ex.,  4  drams,  U.S.P. 

01.  Fwnic.,  U.S.P. — The  volatile  oil.    Dose,  0.2  c.c,  3  minims,  U.S.P. 

Penchon  is  a  constituent  of  fennel  oil.  It  is  isomeric  with  camphor,  but  is  liquid. 
It  is  used  as  a  counter-irritant,  as  such  or  diluted  with  alcohol;  to  i  :  10  (Schleslnger, 
1914). 

Aneiki  fructuSy  B.P. — Dill  Fruit.     From  Peucedanum  graveolens. 

Aq.  Anelh.,  B.P.— Dill  Water. 

01.  Aneth.f  B.P. — Volatile  oil.    Dose,  0.03  to  0.18  c.c,  H  to  3  minims,  B.P. 

Carum,  U.S.P.;  Carui  Pruct.y  B.P.— The  dried  fruits  of   Carum   Carvi.     Dose, 

1  Gm.,  IS  gr.,  U.S.P. 

Aq.  Caruiy  B.P. — Caraway  Water. 

01.  Cart,  U.S.P.;  01.  Carui,  B.P.— Voktile  oil.  Dose,  0.2  c.c,  3  minims,  U.S.P.; 
0.03  to  0.18  c.c,  H  to  3  minims,  B.P. 

01.  Ajowan,  B.P. — ^Volatile  oil  of  fruit  of  Carum  copticum.  Dose,  0.03  to  0.18  cc, 
J4  to  3  minims,  B.P. 

Cinnamomum  Zeylanicufn,JJ.S.V.;  Cinnam.  Cart.,  B.P.;  Ceylon  Cinnamon. — The 
dried  bark  of  cultivated  trees  of  Cinnamomum  zeylanicum.  Dose,  0.35  Gm.,  4  gr., 
U.S.P. 

*Aqua  Cinnamomi  (Aq.  Cinnamom.),  U.S.P.,  B.P. — Cinnamon  Water.  Dose, 
15  cc,  4  drams,  U.S.P. 

01.  Cassia,  17.S.P.,  OL  Cinnam.,  B.P. — A  yellowish  or  brown  volatile  oil  distilled 
from  the  bark  of  Cinnamomum  Cassia,  U.S.P.;  zeylanicum,  B.P.  Dose,  0.2  c.c,  3 
minims,  U.S.P.;  0.03  to  0.18  c.c,  H  to  3  minims,  B.P. 

Pulv.  Cinnam.  Co.,  B.P.  (Pulvis  Aromaticus). — Equal  parts  of  Cinnamon,  Cardamon 
and  Ginger.     Dose,  0.6  to  4  Gm.,  10  to  60  gr.,  B.P. 

5^.  Cinnam.,  U.S.P.,  B.P. — 10  per  cent,  of  oil.  Dose,  2  cc,  30  minims,  U.S.P.; 
0.3  to  1.2  c.c,  5  to  20  minims,  B.P. 

Tr.  Cinnam.,  13. S.V.,  B.P. — 20 per  cent,  of  the  bark.    Dose,  2  cc,  30  minims,  U.S.P.; 

2  to  4  c.c,  H  to  X  dram,  B.P. 

Cinnamomum  Saigonicum,  U.S.P. — The  bark  of  an  undetermined  species  of  Cinna- 
momum.   Dose,  0.25  Gm.,  4  gr.,  U.S.P. 

Oliveri  Cort.,  B.P.— The  bark  of  Cinnam.  Oliveri. 

Tr.  Oliver.  Cort.,  B.P. — 10  per  cent.    Dose,  2  to  4  cc,  J^  to  i  dram,  B.P. 

*Aqua  Mentha  Piperike  (Aq.  Menth.  Pip.),  U.S.P.,  B. P.— Peppermint  Water. 
Dose,  1$  cc,  4  drams,^  U.S.P. 

Aqua  Mentha  Viridis  (Aq.  Menth.  Vir.),  U.S.P.,  B. P.— Spearmint  Water.  Dose, 
15  cc,  4  drams,  U.S.P. 

Sassafras,  U.S.P. — ^The  bark  of  the  root  of  Sassafras  variifolium.  Dose,  xo  Gm., 
3^  drams,  U.S.P. 

Oleum  Sassafras  (Ol.  Sassaf.),  U.S.P. — A  yellow  or  reddish  yellow  volatile  oil 
distilled  from  Sassafras  root.    Dose,  0.2  c.c,  3  minims,  U.S.P. 

*Aqua  Rosa  (Aq.  Ros.),  U.S.P.,  B.P.;  Rose  Water. — A  50  per  cent,  dilution  (33 
per  cent.,  B.P.)  of  Stronger  Rose  Water. 

Aqua  Rosa  Fortior,  U.S.P. — Prepared  by  distilling  the  fresh  flowers  of  Rosa  cen- 
tifolia  with  water. 

01.  Ros.y  B.P.  (Otto  of  Rose). — The  volatile  oil  of  the  fresh  flowers  of  Rosa  damascena. 

01.  Graminis  Citrati,  B.P. — Oil  of  Lemon  Grass.  Dose,  0.03  to  0.18  cc,  H  to  3 
minims,  B.P. 

01.  Coriandri  (Ol.  Coriand.),  U.S.P.,  B.P. — Volatile  oil.  Dose,  0.2  c.c,  3  minims, 
U.S.P.;  0.03  to  0.18  cc,  H  to  3  minims,  B.P. 

Coriandrum,  U.S.P.;  Coriand.  Frud.,  B.P.;  Coriander. — The  dried  ripe  fruit  of 
Coriandrum  sativum.     Dose,  0.5  Gm.,  8  gr.,  U.S.P. 

*Tinctura  Cardamomi  Composita  (Tr.  Cardam.  Co.),  U.S.P.,  B.P. — 2  per  cent,  of 
Cardamom,  with  Cinnamon,  Caraway  and  Cochineal,  in  50  per  cent,  alcohol,  U.S.P. 
Dose,  4  c.c,  I  dram,  U.S.P.;  2  to  4  c.c,  H  to  i  dram,  B.P. 

Tr.  Card.,  U.S.P. — 15  per  cent,  in  50  per  cent,  alcohol.  Dose,  2  c.c,  30  mixkinu, 
U.S.P. 

Cardamomi  Sem^n,  U.S.P.,  B.P.;  Cardamom  Seed. — The  dried  seeds  of  Elettaria 
Cardamomum.     Dose,  i  Gm.,  15  gr.,  U.S.P. 

Tr.  Lavand.  Co.,  U.S.P.,  B.P.  (Compound  Spirit  of  Lavender). — Lavender,  Rose- 
mary, Cinnamon,  Clove,  Myristica,  Red  Saunders,  in  75  per  cent.  Alcohol,  U.S.P. 
Dose,  3  cc,  30  minims,  tJ-S.P.;  2  to  4  cc,  H  ^o  ^  dram,  B.P. 

Spir.  Lavand.,  $  per  cent,  of  oil,  U.S.P.;  10  per  cent.,  B.P.  Dose,  2  cc,  3  minims, 
U.S.P.;  0.3  to  1.2  c.c,  5  to  20  minims,  B.P. 

01.  Lavand.,  U.S.P.,  B.P. — A  volatile  oil  distilled  from  the  fresh  flowering  tops  of 
Lavandula  vera.    Dose,  0.2  cc,  3  minims,  U.S.P.;  0.03  to  0.18  cc,  M  to  3  miiums,  B.P, 


TREATMENT   OF   DISEASES 


ERIODICTYON  (YERBA  SANTA) 

The  leaves  of  this  plant  disguise  bitter  taste  (not  sweet,  salt  or  acid  taste).    It  is, 

however,  ihcrapcutically  objectionable.     It  probably  renders  alkaloids  insoluble,  ana 

ufor  ordinary  bitters,  it  is  extremely  probable  that  the  therapeutic  action  is  connected 

with  the  bitter  taste.    One  c.c.  of  the  tluidextract  covers  tne  taste  of  0.012  Gm.  of 

quinin  sulphate  or  1.5  Gm.  of  auussia. 

^^m  Similar  properties  are  founa  in  the  following  pLints:  Gymnema  sylvcstre;  Bulme- 

^Bk  clulcifica,   and    Phrynium    Danielli.     Gvmnema   contains  Kymncmic  acid,    which 

^^■ttroys  bitter  and  sweet  taste,  not  acid  or  salt. 

^W  PREPARATIONS 

tEriodictyon,  U.S.P.  (Verba  Santa). — Tlie  dried  leaves  of  Eriodictyon  colifornicum 
mposilion,  Tutin,  igio).     Dose,  t  dm.,  15  gr.,  U.S.?. 
Fldcxi.  Eriodict.,  U.S.P.    Dose,  i  c.c,  15  minims,  U.S.P.;  precipitated  by  waler. 
DtT« 
Bt  of 


THE  TREATMENT  OF  DISEASE 


I>tv«lo|nnent  of  Thenpeutics. — A  glance  at  the  hiaion*  of  therapeutics,  the  treat- 
I  of  disease,  will  serve  to  explain  errors  which  have  long  adhered  and  which  still 
ulhere  to  the  subject. 

We  may  imagioe  one  of  our  remotest  ancestors  brought  face  to  face  with  disease. 
Ko«  mysterious  must  have  seemed  to  him  the  phenomenon  that  to-day  he  is  strong, 
*ctive,  and  full  of  life,  and  to-morrow,  without  any  cause  apparent  to  him,  he  is  weak, 
iiilless,  and  about  to  die!  What  strong  hold  it  must  have  taken  upon  his  untutored 
ua^oatiool  llow  earnestly  he  must  have  sought  for  means  to  remedy  itl  Here  be 
ktppened  at  once  upon  two  apparently  ver>'  different  methods:  a  spiritual  and  a 
mterial.  On  the  one  hand,  ovei^Kiwcrcd  by  the  mysteriousncss  of  the  process,  he  lost 
Uaself  in  superstition.  He  deemed  the  disease  due  to  malevolent  spirit!>  which  cuuld 
kippeascd  by  prayers  and  incantations.  This  formed  the  principal  materia  medica  of 
^ntoric  ages,  as  it  does  of  the  modern  savage.  It  still  sur\ivcs  in  a  modihed  form 
Christian  Science." 

l^On  the  other  hand,  chance  and  the  observation  of  animals  revealed  to  him  that  ccr- 
oaterial  products  were  also  efficient.  As  long  as  he  limited  himself  to  actual  obser- 
Ihe  results  were  usually  good.  However,  he  soon  began  to  search  for  more  of 
remedial  agents.  We  must  remember  the  total  ignorance  which  then  existed 
Rguding  the  nature  of  the  action — both  of  the  disease  and  remedy.  In  this  dark- 
■a*  he  was  only  too  glad  to  he  guided  by  any  my  of  light,  without  havHng  the  means 
(0  aamine  whether  the  light  came  from  a  beacon  or  was  only  an  ignis  fatuus.  With 
tlK  Uiitastic,  half  logical  Incongruity  so  characteristic  of  the  untutored  mind  he  as- 
nmed  the  most  extraordinary  relations. 

It  is  interesting  to  ob3er\x  a  little  closer  the  principles  which  guided  the  blind  savage 
u  hit  search  for  remedies.  Having  found  that  most  active  medicines  had  a  bitter  or 
diMficcable  taste,  he  came  to  regard  any  such  substance  as  beneficial.  Thus  arose  a 
fcoBt  id  simples  most  of  which  might  now  be  disregarded  were  it  not  that  some  zealot 
oocsaonaUy  disturbs  their  re{>ose  and  attempts  to  launch  them  as  something  new. 
N*'ir  did  this  love  of  the  disgusting  die  out  with  the  stone  age.  It  was  prolonged 
'  the  middle  ages.  To  it  we  can  probably  trace  the  employment  of  feces  and 
.  'f  smoked  snake,  and  of  others  still  worse. 
\t  a  Uter  period  of  the  middle  ages  it  was  tried  to  combine  the  spiritual  and  the 
'  treatment.  It  was  thought  that  the  Deity  alone  could  cure  tlisease,  but  that 
iven  man  material  remedies,  and  in  His  wisdom  He  had  put  a  seal  uix»n  them 
man  might  know  them.  Thus  arose  in  due  time  what  is  called  the  doctrine 
Ittrcs-'*  .According  to  this,  the  use  of  »  remedy  was  suggested  by  a  fanciful 
ncc  in  shape  or  color  to  some  organ;  e.g.,  the  liverwort,  the  lungwort,  bloodroot. 
Even  a  name  was  sufficient.     Silver  was  used  in  lunacy  because  it  was  dedicated 

Other  hand,  alchemists  had  arisen  with  ihcir  pertinacious  search  for  Ibc 
stone,  which  was  to  convert  all  metals  into  gold,  and  cure  all  diseases. 
they  gave  their  nostra  extensive  trial  on  sick  and  well. 
It  vt)uU  ap%n»,T  that  tfac  native  Chinew  nuteria  medica  ii  largely  baaed  on  the  doctrine  of 
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The  school  of  spagiiists  was  founded  toward  the  end  of  the  fourteenth  century  and 
reached  its  zenith  with  Paracelsus.  They  insisted  upon  the  mystical  virtues  of  anti- 
mony, arsenic  and  silver  and  chemicals  in  general,  and  stood  opposed  to  the  old 
Galenists,  who  used  only  organic  drugs.  Notwithstanding  their  mysticism,  which 
savors  of  quackery,  we  must  thank  them  for  the  discovery  of  some  valuable  medicines. 

Thus,  a  mass  of  materials,  rubbish  and  otherwise,  was  added  to  the  various  simples, 
etc.  Having  so  well-stocked  an  armory,  the  physician  of  that  day  felt  that  he  was  not 
doing  his  duty  unless  he  gave  his  patient  tne  benefit  of  it  all,  and  the  "shot-gun" 
prescription  flourished  at  its  best. 

The  Homeopa^c  Doctrine. — A  natural  reaction  against  this  excessive  drugging  set 
in,  and  had  for  one  of  its  first  results  the  establishment  of  homeopathy  by  Hahnemann, 
near  the  end  of  the  eighteenth  century.  The  Hahnemann  system  was  by  no  means  new. 
For  the  most  part  it  had  its  roots  much  further  back.  It  was  the  natural  result  of  the 
then  existing  theory  of  "vitalism." 

Hahnemann  believed  that  disease  depends  upon  a  perversion  of  the  purely  spiritual 
vital  powers  and  is  entirely  immaterial  in  its  nature.  Logically,  a  thing  spiritual  could 
not  be  combated  by  material  remedies,  and,  hence,  Hahnemann  turned  to  a  spiritual 
power  which  he  believed  to  be  bound  up  in  plants  and  liberated  by  dilution.  The 
activity  would  therefore  increase  with  the  dilution,  and  be  the  greater,  the  smaller  the 
dose  (doctrine  of  potency).  This  liberation  of  the  principles  exactly  turned  their  action 
around,  so  that  tiie  action  of  his  dilutions  was,  he  stated,  exactly  the  opposite  of  that 
of  the  concentrated  drug,  and  could  be  used  for  the  relief  of  such  symptoms  as  the  latter 
produced:  Similia  simuibus  curanlur.  This  was  the  first  tenet  of  Hahnemann.  The 
second  was  that  the  nature  of  the  disease  being  unseizable,  it  was  not  subject  to  treat- 
ment, but  that  only  its  symptoms  can  be  treated.  Hence,  homeopathy,  in  so  far  as 
it  follows  the  principles  of  its  founder,  has  no  place  for  the  medical  sciences,  such  as 
physiology,  anatomy,  pathology,  or  chemistry.  Any  one  with  an  indexed  book  of 
symptoms  and  their  remedies  would  be  able  to  practice  it  without  an  elaborate  study 
or  preparation. 

In  marked  contrast  to  the  above  is  the  third  dictum:  that  the  medicinal  treatment 
must  be  supported  by  dietetic  and  hygienic  measures. 

The  claims  of  homeopathy  as  a  rational  system  hinge  on  the  proof  of  the  similia 
similibus  theory  and  of  the  doctrine  of  potentiation  by  dilution.  Most  of  its  advocates 
seem  to  deny  altogether  the  relevance  of  scientific  testimony,  and  to  base  themselves 
purely  on  the  slippery  ground  of  empirical  experience.  Others,  however,  while  they 
carefully  neglect  tne  great  body  of  scientific  experience  which  disproves  their  theory, 
^em  very  glad  to  avail  themselves  of  the  few  experimental  facts,  which,  through  a 
variety  of  logical  contortions  and  sophistications,  can  be  twisted  into  a  specious  support. 
Hahnemann  himself  seems  to  have  started  from  the  observation  that  large  doses  of 
drugs  produce  the  opposite  effects  from  moderate  doses.  The  correctness  of  this  prin- 
ciple may  be  granted,  for  many  cases.  But  it  is  a  very  unwarranted  feat  of  logic  to 
assume  that  infinitesimal  doses  must  again  cause  effects  opposite  to  those  of  moderate 
doses! 

The  more  recent  discovery  of  the  effect  of  dilution  on  electrolytic  dissociation,  on 
ionization,  has  also  been  seized  upon  as  illustrating  homeopathy — quite  disregarding 
the  fact  that  the  action  depends  on  the  number  of  ions  ratner  than  on  the  degree  of 
ionization;  and  the  further  fact,  that  the  majority  of  the  substances  employed  in 
homeopathy  are  not  electrolytes  at  all!  These  few  examples  of  inconsistencies  may 
suffice. 

Hahnemann's  system  was  the  natural  outgrowth  of  his  time.  At  present  it  is  an 
anachronism,  as  his  pupils  acknowledge  in  practice,  if  not  in  words.  But  in  his  time 
Hahnemann  accompUshed  considerable  for  medical  science.  He  called  attention  to 
the  importance  of  diet,  etc.,  when  this  was  only  too  much  neglected;  but  perhaps  the 
principal  use  of  homeopathy  has  been  to  show  to  rational  medicine  the  fact  that  disease 
tends  to  recovery  without  any  medical  interference. 

Tlierapeutic  Nihilism. — This  was,  indeed,  the  next  step  which  medicine  took — total 
emancipation  from  all  drugs.  This  dates  from  the  establishment  of  the  Vienna  school 
by  van  Swieten,  in  1745.  The  strongest  advocate  of  nihilism  was  Skoda  (1805-1881), 
the  founder  of  the  methods  of  percussion  and  auscultation.  Such  nihilism  was  abso- 
lutely necessary  at  that  time,  just  as  periods  of  skepticism  are  necessary  in  philosophy, 
and  mark  steps  in  progress.  The  accumulated  refuse  was  so  great  as  to  bury  the  good. 
The  only  way  was  to  empty  out  the  whole  and  begin  anew.  This  was  a  necessity  then, 
but  now  consistent  nihilism  is  as  obsolete  as  the  "Shot-gun"  prescription. 

The  Rise  o£  Rational  Therapeutics. — The  refetablishment  of  therapeutics,  founded 
now  upon  reason,  was  thus  aided  by  the  very  man  who  had  attempted  to  destroy  it. 
Fot  he  established  physical  methods  of  diagnosis,  and  demonstrated  the  effects  1^ 
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they  had  never  been  demonstrated  before,  making  it  possible  ai&o  to  demon- 
strate the  effect  o(  remedies. 

Thi-n  followed  the  isululion  of  active  principles  (led  by  the  discovery  of  morphin  in 
iSi;!,  thu»  substituting  the  defmite  for  the  inde^nite  drugs.  Finally  ioUowcd  animal 
ctpcrimentalion,  by  means  of  which  modern  pharmacology  has  developed. 

Serrices  of  Pharmacology. — This  has  made  jwssiblc  a  much  more  exact  knowledge 
frf  the  action  of  drugs,  without  which  their  employment  would  be  a  matter  of  mere 
chance.  It  also  made  available  much  more  accurate  methods  of  observation,  and 
lumished  standards  by  which  therapeutic  trials  must  be  conducted.  It  led  to  the 
intnxluction  of  the  great  number  of  synthetic  drugs,  some  of  great  usefulness,  because 
it  pointed  out  the  directions  in  which  new  drujpt  could  be  sought  with  most  success. 
Itlumi&hed  the  means  of  trying  their  actions  and  probable  usefulness  on  animals,  when 
ibcir  lue  on  man  would  not  be  justified  williout  these  prcliminar>'  tnaU.  It  has  also 
conlributcct  to  the  development  of  experimental  pathology,  and  thus  laid  the  foun- 
dation of  rxperimentai  therapeutics — the  experimental  investigation  of  the  action  of 
druiC?  in  disease. 

Psychotherapy. —Rational  therapeutics  is  now  on  a  firm  basis.  But,  at  the  same 
limt,  ihc  mystic  has  also  been  further  developed,  not  only  in  homeopathy,  but  also 
ir  :h.  many  forms  of  suggestion.  The  value  of  suggestive  therapeutics  proper  cannot 
!,  Il  is  a  sirirtly  scientific  method  of  treatment,  and  is  employed  in  its  milder 
every  physician  as  **  the  pergonal  intluence  "  and  the  "  faith  ;n  doctor  and  medi- 
vuir.  '  It  often  constitutes  all  there  is  of  merit  in  those  medical  fads  which  have 
iciompanied  medical  science  since  the  oldest  time. 

Vis  Medicathz  Naturae. — It  is  most  important  to  the  rational  treat- 
ment of  disease  that  the  physician  should  understand  that  he  cannot 
<Hrw;lly  make  a  patient  well.  That  is  exclusivel}'  nature's  task.  Physio- 
lo;{ic  functions  tend  to  run  their  normal  course,  or  to  return  to  it  if 
they  have  been  disturbed.  "Nature,"  therefore,  tends  very  strongly  to 
bring  the  organism  back  to  its  normal  conditions,  or  life  would  long  since 
iiavc  disappeared  from  the  globe.  The  task  of  the  physician  consists  in 
directing  his  treatment  in  such  a  manner  as  to  remove  obstacles  from 
nature's  path. 

](i*t  &s  the  surgeon  can  not  cause  the  union  of  a  broken  bone,  but  can  only  put  it  in 

!  favorable  condition  for  nature  to  perform  this  union — i.e.,  set  it — so  the  phy- 

i  mot  cure  heart  disease.     He  may  cither  remove  the  condition  which  causes 

-'■nt,  or  remove  by  digitalis,  etc.,  the  factors  which  retard  the  cure;  but  in 

ust  rely  upon  nature  to  perform  the  last,  the  really  important  act:  vis., 

!  return  to  normal. 

re  not  only  put*  the  final  touch  upon  every  reparative  process,  but  that 

every  step  as  well — i.f.,  that  a  patient  may  get  well  without  any  medical 
iiLc — is  too  well  known  to  require  further  discussion.  The  ways  in  which  these 
i  of  repair  take  place  constitute  one  of  the  departments  of  pathology  and 

Tlw  Field  of  Therapeutics. — In  the  light  of  the  above,  it  might  well  be  asked:  II 

■Jure  is  ihus  able  to  effect  cures;  if  the  greater  number  of  diseases  tend  to  spontaneous 

'KOvrry.  what  Ls  the  function  of  the  physician?     Can  he  do  anything  but  harm  if  he 

Btempis  to  meddle  with  the  processes  of  nature?     If  he  undertakes  to  aid,  docs  he 

>ol  rcnUy   meddle?     Wc  must,  in  examining  this  question,  lay  the  emphasis  in  the 

sWr  sentrnccon  *' nature /rmfi  to  effect  a  spontaneous  cure."     But  nature  is  essentially 

her  workings.     She  works  by  general  laws,  which  often  do  not  take  account  of 

I  cB.««s.    Though  wc  must  recognize  that  her  processes  arc  generally  in  the 

11    thc^'  may  be  greatly  at  fault  quantitatively.     Nature  may  do  too  much 

It  is  now  conceded  that  fever,  pain,  inflammation,  etc.,  are  protective 

lit  '^■\\cj\  the  fever  becomes  so  high  as  to  \ye  in  itself  dangerous  to  life;  when 

I   nble  and  constant,  and  fwrslsts  after  il  is  no  longer  needed;  when 

J  t'.  ;iJs;  then  it  is  evident  that  the  originally  salular>'  process  is  becoming 

•c.     That  the  proces.ses  of  nature  arc  often  insufficient  is  evident  from  the  fact 

do  not  in  all  cases  effect  a  cure.     Nature  may  sometimes  be  absolutely  wrong; 

ire  for  solid  food  in  t>*|>hoid. 

the  duly  of  the  physician  judiciously  to  modify  the  natural  lcndcnc>', 

the  mriins  of  doing  so.     But  he  must  do  so  wisely,  or  it  were  better  not 

ust  understand  the  di.sca.sed  condition;  he  must  understand  nature's  way 
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of  meeting  the  difficulty;  he  must  judge  In  what  ways  nature  may  be  supported; 
finally,  he  must  thoroughly  understand  the  means  at  his  command  for  the  purpose — 
i.e.,  pharmacology.     As  long  as  he  Is  not  clear  in  regard  to  these  factors,  he  is  mei 
groping  in  the  riark,  as  likely  at  least  to  do  harm  as  good.    In  this  case  expectant 
mcnt  is  alone  justifiable.' 

Preventive  or  Prophylactic  Treatment. — This  aims  to  protect  the  body 
from  disease.     It  comprises  individual  and  community  hygiene, 

Etiologic,  Causal  or  Curative  Treatment. —  The  cure  of  disease 
scarcely  possible  while  the  original  cause  persists.  The  physician  mui 
therefore  always  aim  to  discover  and  remove  that  cause.  If  this  can  be 
done,  the  conditions  will  generally  return  to  the  healthy  normal  unless 
anatomic  lesions  have  already  occurred.  The  chances  for  complete  recov- 
er)' are  therefore  the  better,  the  earlier  effective  treatment  is  instituted. 
However,  even  considerable  anatomic  deficiencies  can  be  compensated 
by  the  fact  that  the  organism  has  large  "factors  of  safety"  (Meltzer), 

Symptomatic,  Functioned  or  AUeviative  Treatment. — When  the  cause 
of  the  diseased  condition  cannot  be  attacked,  it  is  often  possible  to  remove 
its  functional  manifestation  or  symptoms.  This  may  be  useful  in  sonfl 
cases,  objectionable  in  others.  ^ 

In  striking  the  symptoms  one  very  often  also  strikes  the  disease.  The  symptoms 
in  themselves  may  be  so  objcctionnblc  or  lead  to  such  secondary  results  as  to  make  thcii 
removal  desirable.  Pain,  cough,  and  fever  arc  all  purely  symptoms,  and  yet  no  one 
would  refuse  to  treat  them  simply  because  unable  to  remove  the  root  of  the  disorder 
The  derangement  of  function  may  be  immediately  tlireatening  to  life,  f.i.,  cardiac 
dilation;  or  it  may  add  to  the  tax  on  the  diseased  organs. /.i.,  the  edemas  of  valviUv 
disease.  The  faulty  functionation  may  also  be  relieved  by  increasing  other  compel 
ing  functions,/.!.,  diaphoresis  in  renal  disease. 

On  the  other  hann,  the  symptoms  may  be  very  deceptive — a  chill  will  not  reqt 
external  heat;  a  referred  pain  will  not  be  relieved  by  local  application  of  iodin  to  the 
place  where  it  is  felt.  In  removing  the  symptoms  the  physician  also  deprives  himscll 
of  the  only  index  to  the  treatment  of  the  underl>'ing  disorder.  He  must  constantly 
be  on  bis  guard  against  believing  himself  successful  when  he  has  succeeded  in  remmani 
one  or  several  of  the  s)*mptoms  of  the  disease.  In  many  cases  the  symptom  may  itflcH 
be  salutary;  in  which  case  it  would  not  do  to  remove  it  (e.^.,  cough  when  there  b  hyper- 
secretion of  mucus;  a  certain  amount  of  pain  when  rest  is  indicated  in  fracture).         ~ 

It  need  scarcely  he  added  that  it  is  not  ethical  to  persuade  a  patient  that  he  ia 
cured  when  he  is  fn  fact  only  being  relieved  of  the  s.vmptoms. 
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Restorative  or  Roborant  (Strengtheniiig  or  Tonic)  Treatment.- 
Disease  generally  impairs  the  vitality  and  resistance  of  the  organs  directly 
involved,  and  of  the  body  at  large.  This  is  corrected  by  rest  and  efiicieni 
nutrition  of  the  diseased  organs  and  of  the  entire  patient;  and  by  correcting 
any  other  abnormal  conditions  (digestive  disturbances,  suppurations, 
etc.)  which  may  be  present,  and  which  are  added  drains  on  the  vitality 
of  the  patient.  M 

Expectant  Treatment. — This  is  the  absence  of  any  real  attempt  fl 
treatment  beyond  hygiene,  rest,  diet,  and  other  similar  general  measures^ 
with  the  object  of  leaving  the  powers  of  nature  free  play.  This  should  b« 
employed  in  all  cases  where  no  better  treatment  is  known;  but,  as  has 
been  said,  it  is  usually  within  the  province  and  power  of  the  physician  tc 
support  naltire  in  her  endeavor. 

The  expectant  treatment  must  also  be  used  when  it  is  desired  to  lei 
the  disease  progress  to  a  certain  point,  if  this  is  necessary  for  diagnosis- 
Empiric  and  Rational  Therapeutics. — The  treatment  of  disease  had 
developed  by  two  different  methods,  or  perhaps  more  accurately,  attitude 

1  In  thu  cannrctian  see  S.  J.  MeJtccr's  esuy  on  the  Thenpeutin  of  Sel/-Repair:  Am. 
Sc.,  July.  I9d8. 
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of  mind.    The  Empiric  method  follows  merely  the  dictates  of  experience, 
without  concerning  itself  about  the  reasons  of  these. 

It  15  typilied  by  the  patent  medicine  slogan;  "  it  has  cured  others  and  will  cure  you," 
ftTiilc  m  the  present  state  of  our  science  it  is  still  necessary  to  employ  it  only  loo 
often,  it  require*;  scarcely  a  thought  to  sec  how  of  ten  it  mav  be  not  only  useless,  but  even 
injurious.  Conditions  which  resemble  each  other  very  closely  superficially  may  really 
be  diametrically  opposite,  and  may  require  very  different  treatment.  The  objection 
to  the  empiric  method  is  not  that  it  rests  upon  experience,  which  is  the  basis  of  all 
wence,  but  that  it  does  not  endeavor  sufficiently  to  distinguish  whether  the  experience 
it  real  or  deceptive.  It  is,  of  course,  an  equally  grave  error  to  go  to  the  opposite  ex- 
treme, and  to  base  treatment  on  theories  and  deductions  inadequately  supported  by 
obtmitian. 

Rational  or  scientific  therapeutics  should  employ  obser\^ation,  expcri- 
meni  and  scientific  reasoning,  checking  each  against  the  others. 

A  rod  science  of  therapeutics,  by  which  it  would  be  [x>ssible  to  foretcU  the  exact 
malts  is  still  largely  a  vision.  The  numerous  physiologic  and  pathologic  variables 
ItmliT  predictions  uncertain.  The  personal  factor  plays  a  large  r61e;  and  the  Hue 
ippTtdalion  of  this — "the  art  of  therainiutics" — is  therefore  vcr^-  important.  How- 
em,  (he  best  results  can  only  be  secured  by  the  critical  application  of  all  the  known 
KXntific  facts. 

Phannacal  and  Non-phannacal  Therapeutics. — A  distinction  is  some- 
i.mes  made  between  "drugs"  and  "physiological  agents,"  including  under 
ihc  Utter  physical  measures,  such  as  heat  or  cold,  bathing  or  climate, 
'ert,  exercise  and  massage^  diet,  etc.  The  distinction  is  convenient, 
Imt  not  fundamental.  The  use  of  drugs  is  no  more  "  unphysiological " 
tKan  the  use  of  abnormal  heat  or  cold,  or  of  special  diets,  etc.  The 
QMchanisms  of  their  action  are  not  essentially  dissimilar.  Each  is  inten- 
(Jcd  to  produce  deftnite  changes  of  functions.  One  or  the  other  mav  be 
better  adapted  to  secure  this  end;  and  the  physician  should  not  hesitate 
lo employ  whichever  is  best  suited. 

Pkniologic  Processes  Normally  Controlled  by  Phaimacologic  Agents. — The  body 
uraukhy  producer  a  \'iiriety  of  pharmacologically  active  substances,  as  direct  or  hy- 
Vniducts  of  its  metabolism,  and  uses  them  as  aids  in  regulating  its  own  acliNnty.  Tne 
Otit  control  of  the  respiration  and  the  various  other  hormones  and  internal  secretions 
UtfanUiar  examples  m  mammalian  physiology  (Starling,  190S}.  The  use  of  drugs  is 
dncknt  not  an  unphysiologic  proceeding. 

THE   CHEMICAL  AND   PHYSICAL  BASIS  OF  PHARMACOLOGY 

Scope  of  Pharmacology. — The  term  Phannacology  in  a  general  sense 
cwtTB  all  scientific  knowledge  pertaining  to  drugs,  i.e.,  to  substances 
»iiich  may  be  used  in  the  treatment  of  disease.  Materia  Mcdica,  Phar- 
•^WfTk^jy,  and  Pharmacographia  have  the  same  meaning  when  they  are 
«ed  In  a  general  sense. 

More  commonly,  however,  the  term  *'  pharmacology  **  is  used  in  a  more 
^fiin£i<4  sense^  as  a  synonym  for  pharmacodytumtics.  It  concerns  itself 
▼ith  the  actions  of  drugs  on  living  structures;  or  with  the  reactions  occur- 
nng  Ijctwcen  drugs  and  living  structures.  It  is  therefore  a  branch  of 
rhv-i-.toj^  on  the  one  hand,  of  chemistr\'  on  the  other;  and  is  essentially  a 
of  biology.  It  has  important  practical  relations  with  toxicology 
tnce  of  poisons);  and  with  theraptuti^s  (the  treatment  of  disease). 

The  Nature  of  Pharmacologic  Action. — The  processes  of  life  are  essen- 
tallv  conditioned  on  chemical  and  physical  changes  in  the  constituents 
"I  ihir  ctUi.     Foreign  chemic  substances  may  enter  into  these  reactions, 
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and  thus  modify  them  more  or  less  profoundly,  with  corresponding  changes 
of  function.  These  are  termed  drugs  or  poisons,  according  to  whether 
they  are  useful  or  harmful  in  a  given  case.  Some  of  the  reactions  are 
comparatively  simple,  analogous  to  those  produced  on  isolated  proteins. 
Others,  however,  occur  only  in  living  substance.  Our  limited  knowledge 
of  the  chemical  details  of  the  living  cell  does  not  permit  any  deep  insight 
into  the  nature  of  the  action  of  these  substances,  except  in  a  few  directions. 
They  suffice  to  show  that  the  mechanism  of  the  action  of  different  drugs 
is  not  uniform,  but  is  sometimes  along  chemical,  and  sometimes  along 
physical  lines.    No  sharp  division  can  be  drawn. 

Physico-chemical  Conditions  of  Life. — The  living  cell  may  be  considered  as  a  veiy 
complex  laboratory,  where  chemic  decompositions  and  syntheses,  reductions  and  oxi- 
dations, etc.,  are  constantly  going  on.  Tnese  chemic  changes  lead  to  transformations 
of  energy  which  find  their  final  expression  in  the  phenomena  of  life.  The  vital  mani- 
festations of  the  cell  are,  therefore,  inseparably  connected  with  physico-chemic  trans- 
formations, which  require  for  their  occurrence  the  existence  of  certain  chemic  and 
ical  conditions.  The  chemic  essentials  are:  the. presence  of  substances  capable  of 
liberating  ener^,  and  the  conditions  suitable  for  their  reactions,  such  as  a  proper  tem- 
perature, alkahnity,  presence  of  ferments,  etc.  The  physical  conditions  of  life  are: 
A  viscid  medium,  containing  colloid  proteins,  salts,  fats,  and  water. 

Ordinary  Chemic  Reactions. — In  the  simplest  cases  the  actions  occur  on  dead  tissues, 
and  resemble  those  produced  on  substances  of  known  composition;  this  is  the  case  with 
strong  acids,  alkalies,  metals,  etc. 

Obscure  Chemic  Reactions. — -In  manj'  cases,  particularly  with  alkaloids,  glucosids  and 
toxins,  the  action  is  confined  to  the  living  cells;  for  most  of  these,  no  adequate  explana- 
tion can  be  offered.  It  is  very  probable  that  many  of  these  produce  chemic  changes  in 
the  protoplasm;  but  the  evidence  is  suggestive  rather  than  conclusive. 

From  the  complicated  structure  of  the  protein  molecules  we  conclude  that  it  must 
be  capable  of  a  very  great  number  of  reactions,  a  conclusion  which  is  confirmed  by  the 
large  number  of  substances  which  are  utilized  by  the  cell.  We  find  an  expression  of 
these  chemic  changes  in  the  final  excretory  products  of  the  cell;  but  we  are  very  ignorant 
of  the  reactions  by  which  these  final  changes  are  produced.  When  we  find,  therefore, 
that  a  chemic  substance  possesses  actions  for  which  there  is  no  adequate  physical 
explanation,  we  presume  that  it  enters  into  chemic  reactions  with  the  protoplasm. 
This  has  been  expanded  especially  in  the  side-chain  theory  of  Ehrlich.  This  assumes  that 
the  poisons  comoine  with  certain  groups  (receptors)  of  the  cell  which  are  essential  for 
its  metabolism. 

Evidences  of  Chemic  Actions. — The  theory  of  chemic  combination  is  confirmed  by  the 
fact  that  most  of  the  poisons  (not  all)  are  altered  in  the  body;  although  it  does  not 
follow  that  the  action  is  due  to  this  particular  change.  The-  toxicity  is  often  parallel 
to  the  chemical  reactivity  or  lability  of  the  poison.  Other  indications  of  chenuc  reac- 
tion are,  that  these  poisons  often  accumulate  in  the  cells;  and  that  the  effects  generally 
increase  with  the  dose.  This  would  be  expected  with  chemic  reactions,  but  could  also 
occur  on  physical  grounds.  In  any  case,  the  combination  is  often  very  loose  and  un- 
stable, for  the  poison  can  often  be  removed  by  simple  solvent  (J.i.,  antipyretics  and 
fuchsin  stain  by  alcohol,  P.  Ehrlich).  Indeed,  the  organism  recovers  promptly  from 
most  poisons  when  these  are  washed  out,  unless  secondary  changes  nave  occurred. 
In  some  cases,  the  action  seems  to  be  produced  only  whilst  the  poison  is  passing  into 
or  out  of  the  cell  (Straub;  Kuyer  and  Wijscnbeck,  1913).  The  action  is  then  probably 
on  the  plasma  membrane.  The  relation  between  the  action  and  chemic  constitution 
of  poisons  also  speaks  for  chemic  reactions,  but  may  in  some  cases  be  explained  by  cor- 
responding alterations  of  the  physical  properties.  Compounds  between  alkaloids 
ana  proteins  have  been  described;  but  it  is  not  certain  whetner  these  are  real  combinar 
tions,  or  merely  adsorption  products  (Eddy  and  Gies,  1907). 

Modifications  of  Ferments. — Catalytic  reactions,  which  arc  so  important  to  the  cell, 
may  be  modified  by  chemic  reagents,  without  as  well  as  within  the  cell.  This  explains 
the  asphyxiant  action  of  cyanids. 

Changes  in  the  Cell  Membrane. — Since  most  cells  are  in  contact  with  surrounding 
fluids,  they  must  be  protected  against  changes  of  composition  bv  a  limited  permeability 
of  their  surface  layer,  the  cell  wall  or  plasma  membrane.  This  apparently  containt 
lipoid  and  protein  constituents.  It  may,  therefore,  be  altered  by  fat-solvents,  or  \ff 
agents  which  either  precipitate  or  liquefy  proteins.    This  explains,  at  least  partly,  tiw 
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effects  of  lipoiyiic  narcotics;  hemolysis  by  these,  by  alkaiies  and  saponins;  the  actions  of 
wious  ions,  Cbpcdally  Ca,  etc. 

Osmotii  Changes. — Cells  are  generally  much  more  permeable  to  waler  than  to 
disiotvcd  substances.  This  leads  to  osmotic  phenomena — the  withdrawal  or  absorption 
of  mter— when  the  cells  come  into  contact  with  solutions  of  higher  or  lower  salt  con- 
entration.  This  explains  the  actions  of  many  otherwise  nearly  indifferent  salts,  t.%., 
Mimr  catharsis  and  aiuresis, 

Swjwc  Forus. — The  ph>'sica!  structure  of  protoplasm  is  such  as  to  present  large 
siuficeSi  and  therefore  gives  peculiar  opportunity  for  the  development  of  the  surface 
fonM,  which  arc  very  important  for  various  vital  functions.  These  arc  greatly  modi* 
ftrd  by  a  variety  of  substances,  including  Uie  lipoid  solvents^  salts,  etc. 

C/ihid  Phenomena. — Many  chemical  and  physical  conditions  depend  on  the  colloid 
diincter  of  protoplasm.  The  state  of  aggregation  of  colloids,  and  hence  their  reactions. 
<rr  rmiW  modi6ed,  especially  by  salts,  acting  both  by  their  cbemic  properties  and 
•Iretric  charges.     This  is  an  important  element  in  sall-cction. 

Dependence  of  the  Phannacologic  Action  on  the  Chemic  Constitution. 
Ai  a  genera]  rule,  drugs  having  a  similar  constitution,  possess  similar 
actions;  and  definite  changes  in  the  molecule — as  in  homologous  series, 
or  the  introduction  of  new  groups — often  produce  definite  modifications 
in  the  pharmacologic  effccls.  This  should  be  expected,  since  the  physical 
is  well  as  chemical  properties  cliange  with  the  constitution.  This  relation 
hiv  a  wnde  general  application;  but  its  application  to  details  has  been 
rather  disappointing,  because  we  have  not  sufficient  knowledge  of  the 
<^nnic  cooatitution  and  reactions  to  take  account  of  the  numerous 
Tiriables. 

!i  muft  be  remembered,  for  instance,  that  the  action  is  not  so  much  determined  by 

niAry  composition  of  the  substance,  but  rather  by  the  manner  in  which  the 

iw    combined.     Isomeric    compounds    have    often    vcr>*    different    actions. 

niions  result  also  from  the  different  penetrability  of  cells  to  substances 

ii.y  be  introduced  into  the  cell,  would  cause  similar  effects.     Other  mani- 

Itciivc  action  also  come  into  play. 

'  '  construct  a  general  theory  of  pharmacologic  action  on  chemical  lines 

—  .^..^.j,    -vhown  that  this  is  as  yet  impossible.     The  data  which  wc  possess  had 

ttertfnrr  to  be  gathered  empirically  without  much  guidance. 

The  Importance  of  the  Chemic  Radicals  or  "Side-chains. "—A  sub- 

^jUnce.  to  produce  chemical  pharmacologic  actions,  must  be  capable  of 
>ining  with  protoplasm  and  then  of  altering  its  properties.  These 
functions — combination  and  action  (analogous  to  am^>oceptor  and 
cwnplement.  P.  Ehrlich) — may  be  united  in  the  same  group;  but  they 
■nr  be  distinct  (*'haptophore"  and  **loxiphorc"  groups),  so  that  one 
•ly  be  modified  without  the  other.  Often  several  groups  are  present 
w4h  may  enter  different  combinations  under  different  conditions. 
6  evident  that  these  may  introduce  great  variations  in  the  actions. 

/.«.,  produces  its  h>'pnotic  action  by  ''anchoring"  or  combining  with  its 

»xyl.     When  this  group  is  closed,/./.,  by  the  methyl  radical,  as  m  codein, 

ifl  a  different  way,  to  different  cells;  and  the  convubant  action  becomes  more 

P^^BHit.     The  introduction  of  acid  radicals  into  the  amido-group  renders  thi?  more 

4^  and  Irss  toxic;  but  the  same  acid  radicab  when  introduced  in  the  OH  group 

"*  t«  \r.  ^rminl  increases  the  toxicity,  by  providing  a  new  combining  group.     In 

new  groups  act  only  by  altering  tlie  combining  properties  of  the  active 

r  cases,  the  new  group  may  itself  be  actix-e. 

,:  instances  of  ihc  insufficiency  of  a  narrow  side-chain  theory  are  furnished 

idly  of  diazo-dyes  'Cecil  and  Weil,  iqi?) 

Construction  of  Synthetic  Compoimds. — The  recognition  of  the 

modifications  produced  by  the  ditlcrcnt  radicals  is  of  practical 

cr.     It  permits  the  predictioo,  with  considerable  probability, 
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of  the  effects  of  new  drugs;  and  it  points  the  way  to  modiiicationi  w 
will  emphasize  desirable  quantities  and  eliminate  those  which  are  und 
able.  This  has  led  to  the  introduction  and  improvement  of  many 
remedies.  Really  new  properties  can  not,  of  course,  he  predicted  by  known 
properties.  Their  discovery  is  generally  accideatal.  Accordingly, 
synthetic  chemistry  has  introduced  relatively  few  new  principles,  but 
endless  modifications;  some  useful  in  the  ways  indicated;  many  others 
needless  and  detrimental.  It  is  easy  to  devise  minor  changes  in  comp>osi- 
tion  which  do  not  alter  the  actions  of  the  original  drug  materially,  but 
which  are  commercially  profitable  by  evading  the  patent  and  trade  mark 
laws.  This  needless  multiplication  Is  confusing  and,  therefore,  undesirable. 
Distributioii  of  Drugs  Within  the  Body. — Drugs  are  not  distributed 
tmiformly.  but  accumulate  especially  in  certain  cells,  according  to  thdr 
permeability  and  physical  and  chemical  affinities.  This  influences  their 
action;  either  by  bringing  them  in  contact  with  reactive  tissues,  or  by 
storing  them  in  places  where  they  may  be  inactive.  The  distribution 
has  been  studied  in  relatively  few  cases,  especially  for  inorganic  poisons; 
but  the  data  are  not  sufficient  to  permit  generalizations.  The  distribution 
appears  to  be  altered  by  disease;  e.g.,  degenerating  tissue  takes  up  mo; 
iodid,  etc. 

Storage  Places. — The  poisons  disappear  quite  rapidly  from  the  blood,  the  gi 
part  within  a  few  minutes.    The  chlorids,  bromids,  and  related  ions  accumulate  in 
organs,  but  mainly  in  the  skin  and  blood.    The  thyroid  stores  a  relatively  high 
centage  of  lodin  as  iodothyrin.    The  bones  retain  the  earthy  metals  and  iluohd. 
heavy  metals  are  deposited  as  loose  organic  compounds,  especially  in  the  liver 
spleen;  mercur>'  as  a  loose  globulin  compound;  arsenic  as  a  more  stable  nuclein 
bination  (Vamossy,  1005).     The  iron  deposits  serve  as  a  rescr\'e  stock  of  this  tm 
Little  is  known  about  the  distribution  of  organic  poisons,  mainly  for  want  of  suit 
assay  methods. 

Chemic  Changes  in  Drugs. — The  majority  of  poisons  are  more 
less  altered  in  the  body,  and  generally  rendered  less    harmful, 
is  effected  by  the  oxidation,  reduction,  hydration  or  dehydration,  or  ol 
decomposition  of  the  poison,  or  by  the  storage  of  the  poison  in  cerl 
organs,  or  by  its  combination  with  other  substances  which  render  it 
less.     This  process  of  disintoxication  is  of  great  practical  importai 
It  makes  it  necessary  to  administer  the  drugs  progressively  in  order 
maintain  their  effect;  it  often  requires  the  use  of  continuously  inert 
doses  as  the  power  of  disintoxication  becomes  more  developed;  and 
it  not  for  the  power  of  the  body  to  destroy  or  remove  poisons,  and  thei 
to  recover  from  their  action,  all  therapeutic  use  of  drugs  would 
impossible. 

Decomposition  by  Digestion. — The  digestive  juices  destroy  some  organic  poi 
by  hydrolylic  cleavage;  especially  the  proteins,  toxins  and  antitoxins,  and  tne 
cosids.    On  the  other  hand,  they  are  necessary  to  saponify  and  liberate  the  active 
sliluents  of  insoluble  esters,  e.g.,  phenyl  salicylate.     The  acidity  of  the  gastxk 
is  important  for  the  solution  of  bases.     It  also  often  splits  off  acyl  groups. 

Decomposition  in  Tissucs.^Slrychnin  and  many  other  poisons  are  partly  oxi( 
in  the  body.     Morphin  is  largely  destroyed,  especially  by  those  accustomed 
use.     Kcid  Hunt  (1Q05I  has  shown  that  feeding  with  thyroid  markedly  diminishc 
toxicity  of  acetonitril,  by  preventing  its  conversion  into  cyanid.     The  resisi 
morphin  is  also  modified.    It  has  been  claimed  that  excision  of  the  thyroids  in< 
the  toxicity  of  a  number  of  other  poisons;  but  Lerda  and  Diez,  igo5.  obtained  n< 
results  with  cnfFcin.  strychnin,  urine,  and  tetanus  and  diphtheria  toxin.     Organic 
pounds  of  metals  (cacodyl,  etc.)  only  develop  the  metal  action  after  oxidation, 
organic  acids  (citric,  etc.).  alcohol  and  formaldehyd,  are  oxidized,  and  thus  dJsii 
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ramrthylenAmin  is  activated  by  the  Hheration  of  formaldehyd  in  acid  urines, 
ring  i^  very  resistanl>  most  of  the  changes  occurring  in  the  side-chains. 
dcaiion  by  the  Liver. — This  b  believed  to  be  especially  active  in  disintori- 
\y  by  destroying,  but  particularly  by  storing  poisons,  so  that  the  same  dose 
I  etfective  (perhaps  one-half)  when  given  by  the  mesenteric,  than  by  the 
n.  This  has  been  demonstrated  for  curare,  strychnin,  morphin,  cocain, 
nnln,  atropln,  and  the  metaJs.  Perfusion  of  alkaloids,  glucosids,  toxins, 
,,  through  excised  liver,  also  decreases  their  toxidty  (Woronzow,  1012)- 
ions  seem  to  be  less  active.  They  did  not  destroy  strychnin,  but  attacked 
ron,  1005).  Kxpcriments  with  Eck's  fistula  gave  rather  negative  results 
r  and  Winterberg,  1005). 

|a»j. — Perfusion  through  excised  muscle  also  produced  disintoxication,  but 
i  the  Hvcr.  with  chloral,  atropin,  ph^sostigmin,  curare  and  alcohol,  not  with 
nd  ricin  (Woronzow,  191 3).  Excision  of  the  spleen  is  said  to  increase  the 
most  alkaJoids,  but  not  all.  The  pkagwyUs  accumulate  and  thus  diain- 
Bons,  especially  colloids.     The  strum  of  a  tropin -resistant  animals  destroys 

icaium  by  Adsorption. — The  disintoxication  is  sometimes  apparently  an 
phenomenon.  For  instance,  pilocarpin  is  dctoxicated  for  excised  intestine 
I  with  serum ;  but  may  be  recovered  from  this  in  fully  active  form  by  extraction 
Cohol,  so  that  it  was  not  destroyed.  The  nature  of  the  adsorbing  substance 
b.  It  is  abundant  in  rabbit  serum,  less  in  thai  of  cats  or  oxen,  and  is  absent 
blood  (v.  Leeuwen,  19181. 

ication  by  Combination. — Phenols  and  other  aromatic  compounds  are  ren- 
Bxic  by  combining  with  sulphates;  many  metals  by  the  proteins;  toxins  by 
acids  by  alkalies;  aldehyas,  camphor,  chloral  and  ethereal  oils  by  gtycu- 
cyanids  by  sulphur;  benzoic  acid  by  glycocoll;  etc.  The  extent  of  the 
on  dcpen(Ls  upon  the  activity  of  the  metabolic  processes  which  are  con- 
I  the  amount  of  neutralizing  substance  present  in  the  body. 
Itire  Relation  of  Concentration  and  Action. — The  ratio  is  generally  not  in 
Drtion.  There  is  usually  a  "minimal  threshold."  all  concentrations  below 
pparently  ineffective.  At  the  other  extreme,  once  the  "maximal  response" 
iched.  further  increase  of  concentration  can  produce  no  further  effect.  Bc- 
points.  everv*  increase  of  concentration  increases  the  action;  the  increment 
teater  the  lower  the  original  concentration.  For  instance,  when  the  con- 
4  ouabain  was  doubled  from  o.ooi  25  to  0.0025,  *bc  action  was  increased  4.6 
I  the  concentration  was  doubled  from  0.005  to  o.oi.  the  action  increased  only 
Sollniann,  Mcndenhall  and  Stingcl,  igis;  the  paper  also  discusses  the  reasons 
Domcnon). 

THE  MANIFESTATIONS  OF  PHARMACOLOGIC  ACTIONS 

catiozxs  of  Functions. — Since  protoplasm  is  essentially  identical 
,  the  action  of  pharmacologic  agents  must  also  be  essentially  the 
[  situations;  but  just  as  quantitative  diHerences  exiit  in  the  cell, 
e  pharmacologic  action  show  quantitative  differences  and  selec- 
BTties.  Of  these  we  shall  have  more  to  say  presently.  As  a 
|e.  the  most  conspicuous  changes  occur  in  the  most  conspicuous 
f  the  cell — partly  because  these  are  the  most  readily  appreciated, 
'  also  because  specialized  functions  are  the  most  complex  and 
most  sensitive. 

Acologic  agents  do  not  create  new  functions  in  a  cell  or  tissue; 
nly  modify  existing  functions,  or  at  most  make  evident  functions 
ire  previously  been  latent.  The  functions  of  a  cell  may  be 
or  diminished,  resulting  in  stimulation  or  depression.  Since 
I50  structures  the  stimulation  of  which  would  lead  to  an  inhibi- 
ler  structures,  an  actual  increase  of  function  is  sometimes  dis- 
as  auf^mefUation.  A  ven,'  violent  stimulation  passes  usually 
r;  such  injurious  stimulation  is  called  irritation.  Moderate,  but 
,  stimulation  also  passes  into  depression,  cither  by  the  disap- 
^xkI  substances  (exhaustion),  or  by  actual  injury  to  the  struc- 
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ture  (fatigue).  If  the  depression  is  so  great  that  the  given  function 
disappeared,  the  condition  is  called  paralysis;  if  all  the  functions 
abolished,  there  is  death. 

The  greater  number  of  pharmacologic  agents  produce  at  first  a  stL 
lation,  which  is  followed  in  larger  doses  by  a  depression.  In  this  resj 
the  differences  between  the  different  poisons  are  again  mainly  quantitat 

The  so-called  "stimulants"  produce  a  very  strong  and  prolor 
stimulation,  the  depression  being  produced  only  by  relatively  large  dc 
The  "depressants,"  on  the  other  hand,  cause  only  a  slight  stimulat 
which  passes  readily  into  depression.  Indeed,  with  some  depressants 
stimulation  whatever  exists.  It  is  very  rare  that  a  depression  prec( 
a  stimulation;  when  this  occurs,  the  action  is  presumably  on  diffe 
structures. 

Selective  Action. — The  actions  of  drugs  are  generally  much  greate 
some  tissues  than  on  others;  *.e.,  they  are  selective.  The  difference  i 
be  almost  or  quite  absolute,  so  that  the  drug  acts  specifically  on  one  das 
cells.  This  "monotrop"  action  is  especially  important  in  parasitic! 
and  is  the  ideal  of  modern  "  chemo-therapy"  the  treatment  of  infect 
by  chemic  agents.  Antibodies  also  illustrate  a  strictly  monotropic  st 
tive  action.  With  most  drugs  the  differences  are  merely  quantitativ 
relative;  a  number  of  structures  being  affected  with  various  degree 
predilection,  which  may  sometimes  shift  with  changing  conditions, 
actions  on  the  central  and  peripheral  nervous  systems  generally  be 
to  this  relative  type. 

Mechanisms  of  Selective  Actions. — These  may  consist  in  difference 
penetration;  of  the  chemic  affinities  of  the  cell;  or  of  sensitiveness  of 
functions.    The  details  are  known  only  in  a  few  cases. 

Selective  Absorption. — A  drug  may  act  upon  a  cell  without  actt 
penetrating  into  it;  for  instance,  by  exciting  the  nerves  supplying  the 
or  more  directly,  by  withdrawing  water  from  the  protoplasm;  but 
general  rule,  the  poison  must  be  absorbed  into  the  cell  or  cell-membr 
before  it  can  produce  any  action.     In  order  that  this  absorption  may 
place,  the  drug  must  be  soluble  in  the  cell  contents,  and  particular! 
the  cell  enevelope.    The  solubility  of  a  substance  in  protoplasm  is  not 
essarily  the  same  as  in  water.    Indeed,  it  varies  for  each  kind  of 
and  consequently  the  penetrability  of  different  cells  for  a  given  subst 
may  vary  greatly. 

Whilst  the  renal  cells,  for  instance,  are  very  permeable  for  sulphates,  the  inte 
cells  are  but  slightly  permeable.     It  is  in  virtue  of  this  peculiarity  that  cells  are  ca 
of  preserving  their  own  composition,  notwithstanding  considerable  changes  in  the 
in  which  they  are  bathed.     This  fact  also  explains  why  a  given  substance  acts 
more  strongly  upon  one  cell  than  upon  another. 

These  differences  are  illustrated  strikingly  by  the  distribution  of  dyes  in  livini 
dead  tissues;  or  indeed,  in  unoreanized  materials.  Their  behavior  has  been  extent 
studied,  but  as  yet  without  leading  to  secure  general  conclusions. 

The  difEerences  in  absorption  may  be  due  partly  to  the  cell  envelope,  partly  t 
cell  contents.  Lipoid  solvents  generally  penetrate  better  than  other  agents,  be 
of  their  affinity  for  the  lipoid  constituents  of  the  cell  membrane.  Oth^r  agents  pro 
form  "solid  solutions"  with  some  of  the  cell  constituents;  others  are  attracted  by  d 
differences — f.g.,  the  basic  stains  by  the  acid  character  of  the  nuclear  chroii 
.\bsorption  and  surface  forces  probably  play  an  important  part. 

Selective  Absorption  into  Pa&ologic  Tissues. — The  distribution  is  often  mo 
by  conditions — reaction,  oxygen,  the  presence  of  a  second  substance,  etc.  Impc 
differences  arise  also  in  diseased  conditions,  e.g.,  iodids  are  taken  up  in  higher  cc 
tration  by  degenerating  tissues. 
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Tuberculous  caseous  tissue  particularly  has  this  property  of  condensing  iodids  and 
dys,  especially  those  of  the  safranin  and  acridin  groups  (A.  Lewis,  tgi?).  Other 
idunea  tissues  and  inflammatory  products  also  have  a  marked  tendency  to  take  up 
djts  (Cecil  and  Weil,  1917).  This  can  be  well  demonstrated  by  the  appearance  of 
tTpin-red  in  the  aqueous  humor,  which  occurs  much  more  readily  when  the  eye  is  in- 
iUaicd,  or  when  physostigimn  is  applied  (P.  A.  Lewis,  1016). 

The  feeding  of  madder-dye  stains  bone  and  pathological  calcarous  tissue  in  vivo; 
pn)bably  by  forming  calcium  alizaratc  (Macklin,  1917). 

Effect  of  Concentration. — The  amount  of  a  dt^g  absorbed  into  a  cell 

v^es  generally  with  the  concentration  of  the  drug  in  the  surrounding  fluid. 
This  concentration  is  greatest  at  the  place  where  the  poifwn  enters  and 
leaves  the  body,  i.f.,  in  the  alimentarx'  canal,  liver,  and  kidneys.  DifTer- 
mccs  of  blood  supply  also  come  into  play.  The  influence  of  concentration 
is  most  readily  seen  with  locally  acting  drugs. 

Chemic  Differences. — The  various  cells  differ  in  their  chemic  proper- 
ties, and  therefore  in  their  reactions.  This  is  seen  most  detinitely  with 
ibe  antibodies,  precipitins,  cyto!>'sins,  antitoxins,  etc.,  which  are  supposed 
to  iii  especially  into  certain  cells.  *'as  a  key  is  fitted  to  a  special  lock." 
Something  of  the  same  kind  doubtless  applies  at  least  to  some  of  the  ordi- 
un-  poisons,  which  can  unite  only  to  certain  side-chains  or  certain  con- 
stituents; but  little  is  known  of  the  details.     Similar  combining  properties 

y  make  a  poison  innocuous  to  certain  cells,  by  leading  to  its  destruction, 
ng  it  into  a  harmless  form.  On  the  other  hand,  the  decomposition 
Wy  serve  to  liberate  or  form  an  active  substance — ■/./.,  formaldehyd  from 
fetamethylenamin  in  acid  urines. 

Piinctional  Differences. — The  cause  of  selective  action  lies  often  in  the 
«1U  themscU'es,  ihe  more  delkaie  fufuiioiis  bein^  damaged  more  rcadiJy. 
Hcnct  a  poison  which  acts  indifferently  on  all  tissues  produces  always  the 
losi  conspicuous  effect  on  the  central  nervous  system. 

The  icnsor>-  nerve  fibers  arc  uniformly  more  susceptible  than  the  motor  fibers.  The 
tariai  the  king-crab  limulus  furnishes  a  good  illustration.  Its  structures  fail  in  the 
■■e order  (Kansliun,  motor  nerve-plejcus,  muscle)  in  respect  to  all  kindjt  of  injurious 
alkaloids,  aneMhetics  and  other  drugs;  heat  and  cold,  etc.     (Meek,   1908.) 

Ccnain  cells  alfio  accommodate  themselves  more  readily  to  altered  conditions. 

CLASSIFICATION  OF  DRUGS  ACCORDING  TO  SELECTIVE  ACTION 

'-^  '-ns  which  alter  all  tissues,  and  which  therefore  produce  effects  at 

c   where  they  are  applied,  are  termed   *Uocally-aciing*'  drugs. 

lars  may  produce  similar  chemic  changes  in  dead  tissues.     These  usually 

inflammation  when  applied  to  living  tissues,  and  are  then  called 

ts  (including  simple  irritants,  corrosives,  and  astringents).     Others 

inflammation  mechanically  (emollients  and  demulcents). 

'Others  act  chemically  on  all  li\'ing  structures,  without  changing  dead 

^;  these  are  termed  **  protoplasmic  poisons.'* 
Pobon*  which  act  selectively  on  a  few  structures  are  called  "  muscU- 
poutms."     They  may  affect  end-organs  (sensory  endings,  gland  cells, 
I,  smooth  or  cardiac  muscle") ;  or  the  nerve-endings;  or  ganglia;  or 
pin  of  the  central  nervous  system. 

funics  are  so  resistant  that  they  arc  only  affected  when  the  poison  is  applied 
directly.  The  access  of  drugs  to  them  is  restricted,  in  intact  animals,  by  their 
Wood  sapply.     The  ner\e  fibers  arc  also  protected  by  the  slight  permeability 

iKeath. 

Vkinnacologic  Groups. — Various  systems  of  classifying  nerve-poisons 
twcn  devised.     None  is  really  satisfactory,  because  most  drugs  pro- 


So 
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ducc  several  effects  which,  by  their  interaction,  complicate  the  subj< 
that  no  simple  system  will  apply.  With  some  drugs,  one  pharmacolo^c 
chemic  or  physical  feature  predominates  so  greatly  that  they  can  be  sepa 
rated  as  fairly  distinct  groups.  However,  this  is  more  or  less  arbitral; 
and  artificial.  m 

Variatioiis  in  Symptoms. — The  selective  action  of  drugs  is  rarely  absolute;  e^ 
strychnin,  .1  highly  selective  poison,  acts  as  a  general  protoplasmic  poison  when  it  i 
<iirectly  applied  in  sufficient  concentration.  Often,  however,  some  one  action  is  so  pn 
<ioniinant  tnat  it  may  be  considered  as  characteristic  for  the  drug.  Even  in  this  caa 
the  poison  as  a  rule  acts  selectively  on  several  structures.  This  accounts  for  the  grea 
variability  which  is  often  seen  in  tie  action  of  the  same  drug  under  different  condition 
Thus,  atropin  stimulates  the  vagus  center,  but  paralyzes  the  endings;  it  may  therefoi 
cause  either  a  quickening  or  a  slowing  of  the  pulse.  Again,  through  the  opposed  actio 
of  small  and  large  duses,  blrvchnin,  e.g.,  may  cause  either  a  stimulation  or  a  paralys; 
of  the  vasomotor  center.  Another  frequent  cause  of  variable  actions  lies  in  the  indire* 
actions  of  a  drug.  A  drug  which  causes  convulsions  will  thereby  tend  lo  stimulate  til 
vasomotor  center,  althougn  its  direct  action  on  this  center  may  be  depressant. 

These  variable  actions  and  interactions  make  the  effects  of  man; 
poisons  appear  very  complicated,  although  they  prove  quite  simple  a 
analysis.  This  analysis  is  important  for  a  proper  understanding  0 
the  action,  but  it  is  still  more  important  10  remember  the  complex  effect 
which  result,  for  it  is  with  these  that  the  practicing  physician  has  to  dca] 

Oftm  the  pharpiofologtc  action  in  this  senst  is  twt  the  thrrapcutic  aciion.  An  in 
portant  pharmacologic  action  of  morphln.  for  instance,  is  a  stimulation  of  the  spini 
cord;  but  no  one  would  think  of  employing  the  drug  therapeutically  for  this  purposi 
since  this  action  is  ovcrshadowetl  by  its  other  eflfecls. 

Kor  this  reason  it  would  not  be  a  good  plan  to  classify  the  drugs  strictly  according  I 
their  pharmacologic  actions.  On  the  other  hand,  a  Ihrrapeutu  dassifi<alion,  altiioug 
useful  in  some  respects,  is  not  favorable  to  a  study  of  the  underlying  actions  of  tri 
drugs,  and  tends  to  empiricism.  The  best  principle  of  classification  yet  devised  is  tha 
of  Buchhcim.'  according  to  which  drugs  are  grouped  according  to  their  principi 
pharmacologic  characters,  taking  ai.'count  of  all  the  important  actions,  as  well  as  of  th 
chemic  properties,^  and  in  many  cases  also  of  the  therapeutic  uses  of  the  drugs.  TU 
is  the  general  plan  adopted  in  this  volume.  S 

Definitions   of   Pharmacologic   Tenns. — Some   rather   loosely    us© 

pharmacologic  terms  may  be  defined  in  this  place,  in  the  sense  in  wl 
they  are  generally  employed  in  this  volume: 

Local-  actions:  produced  at  the  place  where  the  drug  is  applied;  Ra 
actions:  occurring  in  distant  parts  of  the  body  (may  be  either  systemi 
or  reflex);  Systemic  ejfects  (sometimes  called  general  action):  produce 
after  the  absorption  of  the  drug  into  the  circulation;  Direct  efcxts  (som« 
times  called  primar>'):  produced  by  the  direct  action  of  the  drug  on  th 
tissue  concerned ;  Indirect  efccts  (sometimes  called  secondary),  are  not  pre 
duced  by  the  action  of  the  drug  on  the  tissue  concerned,  but  by  the  intei 
vention  of  some  other  structures  on  which  the  drug  acts  {e.g.^  asphyxil 
convulsions  are  an  indirect  effect  of  asphyxiant  poisons);  RejUx  ej^eds^ 
indirect  actions  arising  from  local  irritation;  Immediate  ejfects  (also  some 
times  called  primary)  are  the  effects  resulting  at  once;  TmIc  ejects  arc  thos 
occurring  later;  if  they  are  preceded  by  other  (immediate)  actions,  they  ar 
properly  called  secondary  actions.  Side  actiotis  are  actions  which  are  no 
desired  in  the  therapeutic  use  of  the  drug.  M 

1  Buchheim  may  b«  cunsidrred  the  foundrr  of  modem  pharmacology,  by  the  eitabluh^l 
of  the  first  phnmi&cot<wic  laboratory,  at  Dorpat  m  ltls6.  ^ 

t  DniK^  ol  vcr>'  dincrent  chemic  character  often  appear  to  h»ve  identical  Action*.     Thui  tb 
action  of  strychnin  resembles  that  of  tetaouft  toxin,  arsenic  that  of  cholera,  barium  that  of  di^pl 
In  some  cases  the  action  may  be  auppoicd  to  be  really  identical,  but  in  othcia  the  rcae    "  ' 
merely  superficial. 
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Localization  of  Action. — The  effects  of  drugs  on  patients,  or  in  cases 
of  poisoning,  are  by  far  loo  complex  to  furnish  any  real  insight  into  the 
actions  which  are  involved.  To  attain  the  object  of  pharmacology — 
the  explanation  of  the  action  of  drugs — it  is  indispensable  to  simplify 
the  conditions  as  much  as  possible,  and  to  make  the  functions,  which 
irc  to  be  studied,  accessible  to  measuremeiit,  and  if  feasible,  to  graphic 
representation.  The  methods  of  experimental  physiology  are  employed 
for  this  purpose. 

Thf  Study  of  Isolated  Stnutures. — To  eliminate  the  complications 
which  arise  from  simultaneous  actions  on  several  structures  or  from 
indirect  actions,  the  tissues  to  be  studied  are  generally  isolated.  The 
most  certain  method  is  the  actual  anatomic  isolation  of  the  structure. 
Drugs  of  known  antagonistic  actions  may  abo  be  utilized,  but  tbey  are 
apt  to  lead  to  erroneous  conclusions. 

The  anatomic  isolation  may  be  accomp!i.*«hed  bv  employing  unicellular  organisms 
il  the  action  on  uudiflercntiatcd  protoplasm  is  to  be  investigated;  or  by  excising  the 
tiKUc  (as  muscle,  etc.)  from  the  body;  or  by  applying  the  drug  to  the  cjtposed  ti&.sue 
I' J.,  to  a  sympathetic  ganglion);  or  by  severing  the  connection  with  other  tissues  which 
miiht  be  aifected  (as  by  section  of  a  nerve);  or  by  restricting  the  action  of  a  drug  to  a 
pven  pari,  by  cutting  off  the  circulation. 

One  or  the  other  method  of  isolation  may  be  employed,  according 
to  cinrumslances;  that  giving  reliable  results  with  the  least  difficulty  of 
keknk  being  naturally  preferred.  Complete  isolation  is  in  many  cases 
raperfluous.  If  the  question  is,  for  instance,  whether  an  observed  stimu- 
lation is  of  a  central  or  of  a  peripheral  structure,  it  suffices  to  divide 
fhi:  nerve:  on  an  efferent  chain,  this  will  abolish  the  effects  of  a  central 

rttion,  whilst  those  of  a  peripheral  stimulation  will  persist.  With 
-:  ^ilercnl  chain  the  conditions  would  be  reversed.  By  making  sections 
it  various  leveLs  of  the  chain,  the  location  of  the  action  may  be  accurately 
lieifrmined.  When  the  structures  to  be  investigated  are  inaccessible 
to  the  scalpel,  one  may  substitute  drugs  which  are  known  to  paralyze 
'    '    structures  selectively  (curare  for  the  endings  in  striped  muscle; 

I  for  ganglia ;  atropin  for  endings  of  the  vagi  or  parasympathetic,  etc). 

ite  of  a  paralysis  is  similarly  located  by  successive  stimulation, 
mulation  is  accomplished  by  electricity  or  by  appropriate  drugs 

I'hrin  for  sympathetic  endings;  muscarin  for  vagus  endings;  pUo- 
-~:\Axi  for  glands;  barium  for  smooth  muscle,  etc.). 

A  few  «T«mples  will  make  this  general  method  clear: 

•;/«. — It  is  noted  that  strychnin  produces  a  tetanus.     This  implies  a  motor 

pmewhere.     The  sciatic  nerve  Ls  cut;  it  is  found  that  the  con\'ulsinns 

r  iTi  the  leg  but  persist  in  the  rest  of  the  Ixxly.    The  action  must  Lherefore  be 

The  cerebrum  and  medulla  are  successively  excised;  the  convulsions  persist, 

'    Kv  eTccluMon,  be  located  in  the  cord.     This  is  confirmed  by  destroying  the 

auscs  the  complete  disappearance  of  the  tetanus. 

— This  produces  a  complete   muscular   pasalysis.     Stimulation  of  the 

liiits  no  response.     The  paralvsis  must  therefore  be  peripheral.     Direct  stimu- 

•  the  muscle  is  effective.     This  excludes  all  the  possible  structures  except  the 

and  endings.     The  nerve  of  another  preparation  is  laid  into  the  curare 

:iftcr  a  time,  is  stimulated;  a  contraction  results,  so  that  the  nerve  trunk 

'^  r>;i  pimivted.    The  action  must  therefore  be  on  the  endings. 

W  a  peripheral  structure  is  stimulated  or  paralyzed,  it  is  impossible 

ti>  dfdde  by  this  method  whether  there  is  not  also  a  central  action, 

iof  the  peripheral  effects  would  obscure  the  central.    A  stimulation 

'  the  cord,  for  instance,  could  cause  no  effect  if  the  drug  had  paralyzed 


82  MANUAL  OP   PHARMACOLOGY 

the  motor  endings.  In  these  instances^  it  is  necessary  to  confine  the 
action  of  the  drugs  to  the  centers,  which  requires  a  more  complicated 
technic. 

The  Study  of  tiie  Effects  of  Drags  on  Intact  Kormal  Animals. — A  complete  con- 
c«>tion  of  the  actions  of  a  drug  can  be  obtained  only  by  supplementing  the  study  of  its 
effects  on  isolated  structures,  by  careful  observation  and  analysis  of  the  symptoms 
which  it  produces  in  intact  mammals.  The  effects  on  metabolism,  and  the  histologic 
lesions,  etc.,  can  only  be  studied  in  this  manner.  Indeed,  these  experiments  are  often 
undertaken  before  the  more  difficult  investigations  on  isolated  structures;  for  they 
furnish  valuable  hints  of  the  direction  which  the  latter  should  take.  When  circum- 
stances permit,  it  is  advisable  to  proceed  from  the  lower  to  the  higher  classes  of  animals, 
and  finally  to  man.  Opportumties  for  observing  the  effects  of  drugs  on  man  occur 
in  cases  of  poisoning,  ana  should  not  be  neglected;  but  intentional  experiments  with 
drugs  on  man  are  to  be  undertaken  only  with  the  greatest  caution,  with  doses  which  do 
not  exceed  the  therapeutic  maxima;  and,  as  a  rule,  only  after  the  effects  have  been 
thoroughly  studied  on  animals. 

The  Effect  of  Drugs  in  Disease. — The  action  of  drugs  is  not  always  the 
same  in  disease  as  in  health.  The  differences  are,  however,  as  a  rule 
quantitative  rather  th$n  qualitative.  Since  the  drugs  are  in  practice 
employed  most  extensively  in  disease,  their  action  in  these  conditions  is 
of  the  greatest  importance.  As  a  general  rule,  it  is  possible  to  explain, 
and  even  to  predict,  the  action  of  drugs  in  disease  from  their  action  on 
normal  tissues.    However,  the  actual  test  must  always  be  made. 

Animal  experiments  are  as  yet  of  limited  value  in  this  connection,  and  we  are  forced 
to  rely  mainly  on  observations  on  patients.  To  make  these  of  value  it  is  necessary  that 
the  observations  be  made  accurately  and  that  psychic  factors  be  excluded;  it  is  further 
necessary  that  the  existing  pathological  condition  be  correctly  known.  These  require- 
ments are  unfortunately  not  fulfilled  in  many  cases,  which  accounts  in  part  for  the 
differences  which  are  occasionally  noted  between  the  clinical  and  the  experimental 
data.    These  exceptions  will  be  discussed  in  the  text. 

In  the  case  of  the  older  drugs,  clinical  tests  have  been  made  so  abundantly  that 
further  observations  might  seem  superfluous.  This  is  by  no  means  the  case.  Accurate 
observations  in  the  light  of  our  advancing  knowledge,  and  employing  the  improved 
methods  of  diagnosis  and  observation,  are  always  needed. 

It  is  also  highly  desirable  that  every  physician  should  obtain  his  knowledge  of  the 
therapeutic  action  of  drugs  at  first  hand.  He  should  utilize  every  case  under  his  care  for 
this  purpose,  and  conduct  his  treatment  as  if  it  were  a  critical  experiment,  the  interests 
of  the  patient  being,  of  course,  paramount.  The  conclusions  will  be  greatly  simplified 
if  but  one  drug  is  used  at  a  time. 

Chemic  Investigations. — Since  the  action  of  drugs  depends  so  largely  upon  their 
chemic  constitution,  the  latter  is  a  legitimate  subject  of  piiarmacologic  inquiry.  The 
study  of  the  fate  oj  the  drug  in  the  body,  of  the  mechanism  of  Us  hasorpiion^  exertion, 
and  storage^  is  also  indispensable.  These  involve  the  methods  of  quantitative  chemic 
analysis. 

Transfer  of  Results  of  Animal  Experimentation  to  Man. — The  utilitarian  aim  of 
pharmacology  is  to  supply  the  science  of  medicine  with  a  rational  and  scientific  basis 
for  the  practice  of  therapeutics  and  for  the  study  of  toxicology.  It  was  shown  in  the 
preceding  section  that  these  objects  can  be  attained  only  by  experimentation  on  lower 
animab.  This  brings  up  tlv  fundamental  question:  To  what  extent  can  results  observed 
on  animals  be  transferred  to  man?  The  same  question  applies  to  all  other  fields  of 
experimental  medical  research,  and  has  been  abundantly  answered  by  their  results. 
A  similar  physiology  implies  a  similar  pathology  and  pharmacology.  In  the  great 
majority  of  cases,  similar  structures  are  affected  in  the  same  way  by  a  given  drug,  no 
matter  in  what  animal  they  are  studied.  Where  differences  exist,  they  can  usually  be 
explained  by  differences  of  physiologic  function,  as  will  be  discussed  under  "Racial 
Idiosyncrasy."  Those  which  are  not  yet  explained  must  be  referred  to  our  ignorance. 
The  differences  in  animals,  physiologic  and  unexplained,  are  now  generally  recognized 
so  that  suitable  species  can  be  chosen  for  experimentation.  They  can  furthermore 
be  eliminated  by  using  the  drug  on  several  species:  //  a  given  poison  affects  all  species 
alike  J  it  may  be  concluded  thai  Us  action  on  man  is  also  the  same.    If  it  produces  di£ferent 
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effects,  but  if  thc5«  can  be  explained  by  differences  in  physiology,  the  effects  on  man  will 
be  limJUr  to  those  produced  on  the  species  the  physiology  of  which  resembles  most 
doscty  that  of  man. 

V«la«  tad  limitations  of  Experimental  Pharmacology. — It  will  be  seen  tiiat  great 
carr  tnu5t  be  used  in  a.ppl>Tng  ihc  rvsults  uf  fxfXTimcntal  pharmacolo(0'  ^^  man.  The 
iK!glf<:t  of  this  precaution,  the  drawing  of  far-reaching  conclusions  from  a  few  limited 
experiments,  threw  dts(Tedil  on  pharmacology  in  its  earlier  days,  and  is  stlH  seen  all  too 
frequently.  Pharmacology  can  not  be  held  responsible  for  this  misapplicatinn  of  it* 
data  by  half-trained  enthusiasts.  Its  scope  is  limited  primarily  to  its  own  results  and 
Dot  to  tiieir  application,  althouKh  it  may  legitimately  sugget^t  the  latter.  It  should  not 
l*e  made  to  replace  the  siMencc  of  thirr:ip«*uticA,  hut  should  only  aim  to  place  well-studied 
tools  in  the  hands  of  the  latter.  If  tois  limitation  is  reiilized;  if  the  therapeutist  will 
carefully  study  the  results  of  pharmacologj'  and  will  utili/.e  and  interpret  them  in  the 
li^t  of  l»cdside  experience,  then  pharmacology  will  be  of  very  great  vhIuc  to  medicine. 

One  vcr>'  important  ser\'ice  is  rendered  by  pharmacology  tfirough  the  examination 
of  new  remedies.  The  development  o(  synthetic  chemistry  especially  has  resulted  in 
the  discovery  of  a  very  large  number  of  new  substances  of  some  therapeutic  value.  The 
inimber  is  indeed  so  large,  that  all  could  not  be  given  a  thorough  trial  on  patients.  Most 
o(  these  substances  possess  some  value,  but  many  differ  from  each  other  by  very  in- 
sgnihcant  details.     In  this  case,  pharmacology  can  select  the  most  promising  drugs  of  a 

Spc,  and  by  their  thorough  study,  indicate  those  which  are  worthy  of  trial  by  the 
inician. 

THE   ADMINISTRATION    OF  DRUGS 

The  effects  of  a  given  drug  or  poison  arc  not  always  uniform,  but  vary 
with  conditions;  such  as  the  dose;  the  absorption  and  eliraijiaUon;  the 
method  and  time  of  administration;  the  simultaneous  presence  of  other 
substances;  the  age,  sex  and  race  of  the  [>atient:  the  existence  of  disease, 
etc.     A  knowledge  of  these  variations  is  vcr>'  important. 

Methods  of  Administenng  Drugs. — The  channel  by  which  a  drug  is 
inu-oduced  into  the  body,  or  the  place  to  which  it  is  applied,  must  vary 
with  the  object  to  besecured^ — whether  the  action  is  to  be  local  or  systemic; 
ihc  desired  rapidity  of  absorption;  the  necessity  of  avoiding  irritation  of 
Certain  organs,  etc. 

Local  Application, — Drugs  may  be  used  locally  either  to  protect  a  sur- 
>cc,  or  for  reflex  effect,  or  as  antiseptics,  or  as  stimulants.  They  may  be 
lied  lo  the  skin  in  various  vehicles:  If  it  is  desired  to  secure  the  absorp- 
tion of  the  remedy  or  its  deep  penetration  the  drug  should  be  presented 
In  a  vehicle  in  which  it  is  relatively  insoluble.  The  influence  of  the 
ointment  base  varies  for  different  substances  (Sauerland,  IQ12).  The 
fnoedy  may  also  be  applied  in  aqueous  solutions  (washes),  especially  if 
ttiendcd  for  an  antiseptic;  or  it  can  be  used  in  powder  form.  Caustics 
"Wy  l)c  used  either  as  solids  or  liquids.  Counterirritants  are  used  as 
utiittejits,  j.e.,  dissolved  in  oil,  turpentine,  or  alcohol. 

Oil  Of  Moisture  on  Skin. — These  modify  the  penetration  of  fat-soluble  substances, 
"Kb  is  phenol,  dichlorelhylsulphid  or  mustard  oil  (SoUmann.  1018);  namely  in  the 
jlo*  ihat  the  good  solvents  (oil"  tend  to  retain  the  drug  on  the  surface.  whtUt  poor 
■•"viriti  fwftlerj  tend  to  drive  it  into  the  skin.  This  is  analogous  to  the  partition  of  a 
wltttMce  between  good  and  poor  solvents,  in  a  test-tube. 

Absorption  from  Skin. — Local  application  lo  the  skin  can  be  used  for 
^^roducing  general  effects,  but  it  is  only  employed  in  those  cases  (mercury 
^tii  stjme  patients)  where  the  stomach  has  lo  be  avoided  and  subcu- 
**pcous  administration  is  nol  practical.  The  principal  objection  to  the 
Wminisiration  of  drugs  by  the  surface  of  the  skin  consists  in  the  unccr- 
**iQ  absorplion.  exact  dosage  being  in  consequence  impossible.  The  ab- 
^*rption  is  greatest  where  the  skin  is  most  delicate;  in  the  a.\illa,  loins,  and 
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the  inner  surfaces  of  the  extremities.     Absorption  is  aided  by  friction  and 
cleanliness. 

Waiery  solutions  are  not  readily  absorbed  from  the  skin,  unless  the  drug  is  caustic* 
The  reason  for  this  non-absorption  lies  in  the  fact  that  the  stratum  corneum  of  the  epi- 
dermis is  practically  non-permeable  to  solutions.  Absorption  must  take  place  through 
the  glandular  structures  of  the  skin,  and  these  are  filled  with  fatty  matter,  which  pre- 
vents the  penetration  of  watery  solutions,  but  not,  of  course,  of  other  fats.  However, 
when  the  akin  has  been  macerated  for  several  hours  it  may  absorb  some  salt.  It  also 
absorbs  HiS  and  other  gases. 

It  must  be  borne  in  mind  that  the  application  of  solutions  to  open 
wounds  or  abraded  surfaces  is  practically  die  same  as  subcutaneous  injec- 
tion, and  absorption  occurs  in  this  case  very  readily. 

Local  medication  may  be  used  also  on  other  surfaces  than  the  skin,  if 
they  are  accessible ;  e.g.,  mucous  membranes.  The  drugs  are  usually  applied 
as  aqueous  solutions  (injections,  washes,  and  gargles). 

Calaphoresis. — ^This  process  has  been  employed  in  dentistry  to  facilitate  the  pene- 
tration of  cocain,  but  it  has  not  as  yet  found  very  extensive  adoption  in  medicine  and 
surgery.  It  is  a  process  by  which  the  molecules  are  carried  from  the  -(-  to  the  —  pole. 
The  solution  to  be  introduced  must  possess  a  higher  conductivity  than  the  liquid  of 
the  tissues. 

Sprays. — ^Vapors  and  finely  "atomized"  sprays  are  inhaled  for  their 
local  action  on  the  respiratory  mucous  membranes.  They  must  not  be 
too  irritant. 

To  reach  the  lower  air  passages,  they  should  be  inhaled  deeply  with  the  nostrib 
closed,  the  mouth  wide  open,  and  the  tongue  protruded.  Even  so,  the  numerous 
branching  surfaces  prevent  the  spray  from  reaching  any  but  the  larger  bronchi 
(Semmola). 

Inhalation. — ^This  method  is  used  only  for  gaseous  medicines,  such  as 
anesthetics  or  oxygen. 

When  giving  drugs  by  inhalation,  it  must  be  borne  in  mind  that  the 
eflfect  does  not  depend  upon  the  quantity  given,  but  the  concentration  of 
the  gas  and  the  time  during  which  it  is  administered.  The  rich  capiUary 
area  of  the  alveoli  is  one  of  the  best  absorbing  surfaces,  so  that  the  action 
is  very  rapid.  The  lungs  also  absorb  fluids  and  dissolved  substances 
rapidly,  if  these  are  introduced  through  the  trachea. 

Oral  Administraiion. — This,  the  most  ancient  method,  is  still  the  stand- 
ard one.  Its  advantage  lies  in  its  great  convenience  and  in  the  relative 
freedom  from  local  irritation.  Nevertheless,  certain  drugs  do  ^\t  rise 
to  disturbances  of  digestion.  This  can  be  minimized  by  giving  them  in 
such  a  form  that  theyj  will  not  be  dissolved  in  the  stomach  (pills),  or  by 
giving  them  at  a  time  when  the  stomach  is  filled  with  food.  Absorption 
is,  of  course,  also  delayed  by  these  means.  Pills  should  never  be  employed 
for  insoluble  powders  or  for  corrosive  drugs  which  require  dilution. 

Absorption  from  Alimentary  Canal. — The  absorbing  power  of  the 
stomach  is  relatively  low,  even  for  water  and  soluble  substances  (Hirsch, 
1892);  so  that  the  main  absorption  does  not  occur  until  the  drug  has 
reached  the  small  intestines.  The  effects,  with  gastric  administration, 
are  therefore  relatively  slow.  The  passage  is  quickest  if  the  drug  is  takpa 
fasting  in  water;  somewhat  slower  with  milk,  soup  or  wine;  slowest  after 
eating,  especially  when  administered  dry  (Moritz,  1898). 
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The  conditions  in  the  small  intestines  are  very  favorable  for  absorption, 
which  is  aided  by  the  long  sojourn,  the  extensive  surface,  the  folds  and 
villi,  the  segmental  movementST  etc. 

The  relative  rdle  of  the  stomach  and  inttstine  in  absorption  varies  ipr  different  drugs 
ud  animals.  Strychnin,  t.g.,  is  absorbed  from  the  stomach  with  ciogs  and  cats,  but 
Dot  ^vith  rabbit?  and  guinea  pigs;  whereas  sodium  salicylate  and  iodid  give  just  the 
opp^jMte  result.  Inoye  and  Kashiwado  fiQos)  have  shown  that  atropin  and  rhubarb 
are  not  absorbed  from  the  dog's  stomach,  whilst  salol  is  absorbed.  The  data  as  to  man 
arc  insui&cicnt. 

Certain  drugs  are  more  or  less  destroyed  in  the  aliraentar\'  tract, 
/.I.,  toxins  and  antitoxins,  so  that  oral  administration  is  relatively  ineffi- 
cient. Glucosids  are  also  partly  destroyed,  so  Uiat  the  oral  dose  must  be 
larger.  On  the  other  hand,  drugs  which  require  the  action  of  the  diges- 
tive juices  for  their  solution  (resins,  oils,  etc)  are  more  efficient  by  mouth 
than  by  other  channels.  The  oral  route  b  of  course  the  only  one  for  drugs 
intended  to  act  locally  on  the  upper  parts  of  the  digestive  tract. 

Rectal  Administration. — The  stomach  and  small  intestine  may  be 
avoided  by  giving  the  drugs  per  rectum,  cither  in  the  form  of  enema  or 
suppositories.  The  rectum  is  a  fairly  good  absorbing  surface  for  many 
soluble  substances;  so  that  the  effects  are  often  greater  or  more  prompt 
than  with  oral  administration  (/.i.,  for  salts,  narcotics  etc.).  The  ab- 
sorbed drug  also  avoids  the  passage  through  the  liver,  and  the  consequent 
destruction. 

F.n<maia.  when  introduced  for  the  absorption  of  the  medicine,  should  be  as  small  as 
T>os.Qbir,  but  not  so  strong  as  to  produce  local  irritant  effects.  One  or  2  ounces  is  usually 
ibc  proper  quantity,  the  rectum  being  first  cleansed  with  worm  water.  When  enemuta 
are  employed  for  their  mechanical  effects,  the  amount  must,  of  course,  be  much  greater — 
lor  3  pint?      These  should  be  raised  to  the  body  temperature. 

Conjunctiva. — This  absorbs  easily,  so  that  systemic  effects  often  follow 
the  application  of  drugs,  for  instance,  atropin,  to  the  eyes.  A  few  milli- 
grams of  apomorphin  applied  to  the  conjunctiva  of  a  dog  suffices  to 
produce  vomiting  (Macht,  19x7). 

Va^iiM. — This  absorbs  freely,  and  clinical  poisoning  by  this  channel  is 
fftqucnt.  especially  in  connection  with  the  improper  use  of  mercuric 
fhlorid  douches  (Macht,  igi8,  references). 

Vrinary  Rladder. — This  absorbs  very  poorly.  Strychnin,  apomorphin 
*od  morphin  are  almost  harmless  when  injected  into  the  bladder,  if  the 
"'»**Hra  has  been  tied  {cj.  Macht,  1918).     Even  salts  and  water  are 

'  't'd  poorly. 

irttkra, — This  absorbs  very  readily,  fo  that  poisoning  has  frequently 
<*ffttrred  from  the  excessive  application  of  local  anesthetics. 

The  Uws  of  the  absorption  of  local  anesthetics  have  been  studied  by  Sollmann,  1918 
(</•  Local  anesthetics^  The  rapidity  of  absorption  is  illustrated  by  the  injection  of 
'  jMr  cent  apomorpliin  into  the  urethra  of  a  male  dog;  vomiting  occurs  in  3  to  5 
■aintes  (Macht.  iqiH). 

liftkt  and  Rnuit  Pelvis. — These  absorb  fairly  well.  Thia  enjoins  caution  in  the 
''•of  nilvrr  salts  etc.,  for  skiagraphs  (Macht,  1918). 

Viaine  CarUy. — This  is  also  an  absorbing  surface  (iodin,  Higuchi,  1908). 

Other  Mufous  Surfaces. — Macht.  loi?.  has  demonstrated  absorption  from  the  nasal 
™.  prrpucc,  etc, 

Subcutaneous  or  Hypodermic  Administration. — The  injection  of  solu- 
l»on&  through  a   hollow   needle  into   the   loose  subcutaneous  tissue  has 
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the  advantage  of  securing  quicker  and  more  certain  effects,  and  more 
exact  dosage. 

Hypodermic  injections  are  generally  made  into  the  forearm,  arm,  thigh, 
or  nates.  For  very  bulky  injections,  e.g.,  for  antitoxin  or  for  saline  solu- 
tion, the  loos^  areolar  tissue  of  the  subscapular  or  mammary  region  is 
chosen.  The  subcutaneous  dose  may  often  be  made  somewhat  smaller 
than  the  oral  dose.  The  rapidity  of  absorption  from  hypodermic  injections 
may  be  hastened  by  massage,  by  distributing  the  injection  over  several 
places,  and  by  dissolving  the  drug  in  a  small  amount  of  fluid.  The  con- 
centration in  salts  should  not  exceed  that  of  the  blood,  or  the  injection  will 
be  painful.  Normal  saline  solution  is  the  least  irritant  solvent  for  alka- 
loids. Subcutaneous  injection  is  naturally  inadmissible,  if  local  effects  in 
other  parts  of  the  body  are  desired  (e.g.,  for  stomachics,  cathartics,  locally 
acting  emetics,  etc.). 

The  hypodermic  injection  of  drugs  that  are  not  local  irritants  produce 
little  discomfort  and  no  after-effects,  provided  that  reasonable  asepsis  is 
preserved.  Irritant  drugs,  however,  cause  severe  pain,  and  may  be 
followed  by  induration,  sloughing  and  abscess. 

Hypodermic  injection  was  probably  first  practiced  by  E.  Rjrnd,  1S44,  but  was  in- 
troduced practically  by  Alex.  W.  Wood,  in  1853.  Pravaz  invented  his  syringe  in  1853, 
for  the  injection  of  aneurisms  (Macht,  1916). 

Intracutaneous  Injections. — Injections  made  into  the  tissue  of  the  skin 
proper  (instead  of  under  the  skin)  are  used  for  provoking  local  reactions, 
for  instance  diagnostic  skin  reactions  (luetin,  diphtheria  toxin,  hay  fever, 
etc.);  also  for  local  "infiltration  anesthesia."  They  are  hot  suited  for 
systemic  administration;  for  the  paucity  of  the  blood-vessels  makes  the 
absorption  much  slower  than  with  hypodermic  injections.  However, 
even  solid  elements  are  gradually  absorbed  (Kasahara,  1916). 

Intramuscular  Injections. — These  are  made  by  thrusting  the  needle 
through  the  skin  deep  into  the  substance  of  the  gluteal  or  lumbar  muscles. 
The  absorption  is  more  rapid  than  with  subcutaneous  administration 
(Meltzer  and  Auer,  1904),  and  the  irritation  and  tendency  to  abscess  for- 
mation are  less.  Auer  and  Meltzer,  1911,  advise  the  sacro-spinal  muscles 
in  preference  to  the  gluteal,  as  giving  better  absorption  with  less  pain  and 
other  complications. 

Precautions  in  Intramuscular  Injections, — A  careful  technic  is  necessary 
for  injections  near  any  nerve;  for  instance,  sciatic  neuritis  has  followed 
arsphenamin  injection  (A.  Kissmeyer,  1916). 

Subnasal  Injection. — Injection  under  the  mucous  membrane  of  the  nasal  septum 
gives  extremely  rapid  absorption,  the  ef&ciency  approaching  intravenous  injection 
(Pilcher,  1914,  1915). 

Intraperitoneal  and  intrapleural  injections  are  used  in  experimental  technic,  and 
resemble  subcutaneous  injections,  the  drug  being  absorbea  more  rapidly.  Intra- 
peritoneal injections  in  man  have  been  made  by  Schmidt  and  Meyer  (1905),  but  are  not 
recommended.  The  pleura  absorbs  through  the  parietal  and  pulmonary  surface; 
but  the  absorption  is  less  than  from  the  peritoneum  (Naegeli,  1913).  'In  both  mem- 
branes, it  occurs  by  the  blood  rather  than  lymph.  Gravity  plays  a  part,  the  absorp- 
tion being  rather  better  with  pelvis  down  position  (Dandy  and  Rowntree,  1914). 

Intra  pericardial  Injections. — Solutions  are  quite  rapidly  absorbed  from  the  peri- 
cardial sac  into  the  heart-muscle.  Gunn  and  Martin,  1915,  suggest  that  this  could  be 
utilized  in  epinephrin-resuscitation 

Injections  into  the  Trachea. — Massive  injections  are  very  rapidly  ab- 
sorbed through  the  alveolar  capillaries,  and  act  more  like  intravenous 
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Ijectiooa.  They  may  cause  asphyxia,  and  are  not  used  intentionally. 
Tracheal  sprays  are  used  for  local  effects.  Oily  solutions  of  menthol, 
etc.  may  be  injected  into  the  trachea  for  local  action  (J.  A.  Thompson, 

1S97). 

Intracerebral  injections  {i.e.,  into  the  substance  of  the  brain"!  have  been  used  experi- 
niCTUlly.  The  injections  are  at  once  conveyed  to  the  ventricles  and  produce  local  and 
oechamcal  effects  often  different  from  the  systemic  action  of  the  drug. 

Subdural  Injectioivs. — These  are  used  if  the  drug  is  to  act  directly  on 
the  spinal  cord  or  nerve  roots,  especially  for  spinal  anesthesia.  The 
lechnic  is  that  if  lumbar  puncture,  some  cerebro-spinal  fluid  being  with- 
drawn before  the  injection  is  made.  The  procedure  may  be  dangerous; 
especially  if  the  poison  produces  local  eflfects  or  is  conveyed  directly  to 
tlie  medulla. 

Drugs  intended  to  act  on  the  central  nervods  system  arc  generally  more  active  if 
administered  In  this  way.  For  instance,  Lewandowsky,  1900,  found  that  str>'chnin 
Ulm  limes  as  efficient  when  injected  iiitraiipinaUy  than  when  injected  intravenously. 

The  efficiency  of  (he  absorption  of  drugs  from  subdural  injections  into  the  general 
circulatioQ  is  in  dispute.  Becht,  1920,  found  no  systemic  effects  after  subdural  in- 
jection of  cpinephrin,  nicotin  and  secretin,  so  that  their  absomtion  must  be  very  poor. 
He  iltributcs  the  contrar>*  results  of  Mcltter  and  others  to  direct  entrance  into  veins. 

Irritation  oh  Permeability  of  Ihe  Meninges. — The  observations  appear  discordant. 
Stollmana  and  Swift,  1Q15,  found  no  change  in  the  absorption  of  salvarsan.  Carnier, 
xju6,  claims  that  the  inflamed  meninges  arc  very  permealjle  to  phlorhizin.     Mehcteus 

"  West.  1017,  state  that  they  are  less  permeable  to  phenolsulphonephthalein. 

Subarachnoid  Irrif^alion. — This  has  been  tried  experimentally  (Weed  and  Wegcforth, 

19).  Normal  saline  produced  toxic  effects,  but  Ringer's  solutions  appeared  harmless 
tod  prolonged  the  life  of  animals  with  meningeal  infection. 

Iniravcnous  Administration. — Thi.s  is  often  used  in  pharmacologic 
ttperiments  and  has  become  perhaps  somewhat  too  popular  clinically. 

Its  dangers  restrict  its  application  mainly  to  emergencies  when  an 
immediate  action  is  necessary  (strophanthin),  or  where  other  methods  are 
not  applicable  (salvarsan). 

InUavcnous  injection  was  tried  ratlier  extensively  in  the  seventeenth  century,  but 
jb  modern  applicutinn  dates  from  Landercr,   rSSi,  and  F.   Mendel,  1908  (history, 
rtein.  19x5;  Macht,  1916;  Egglcston,  1917). 

^Whilc  it  is  the  quickest  way  of  securing  the  action  of  the  substance,  it  presents  some 

^dangers.     Air  may  be  introduced  into  the  vein,  and  while  the  presence  of  a 

ibble  of  air  in  the  circulation  of  a  man  is  not  as  dangerous  as  in  that  of  a 

may  lead  to  very  serious  results.     The  action  of  drug  injected  intravenously 

■ly  be  quite  different  than  when  taken  by  other  channels.     They  act  upon  the  heart 

mrtfi-  r.-, ,  r|,  and  with  less  dilution.    Many  substances  also  have  the  property  of  clot- 

1,  and  unless  the  administration  be  very  skilfully  done,  the  result  might 

^ilii  guinea  pigs,  collapse  and  asphyxia  follow  frequently  on  the  injection  of 
Bwtances  tiiat  are  ordinarily  considered  indifferent,  for  instance,  acacia  (Hanzlik 
**1  Karsner.  1920).  These  arc  rare  in  men,  but  they  do  occur  occasionally  and  arc 
1^  M  serious  as  to  militate  strongly  againat  indiscriminate  intravenous  injections. 


.     CONDITIONS  INFLUENCING  ABSORPTION 

The  time  required  for  absorption  into  the  body  and  into  the  cells 
vanes  from  a  few  seconds  {e.g.,  hydrocyanic  acid),  to  several  weeks 
(<(■,  lead).  The  rapidity  of  absorption  depends  upon  the  nature  of  the 
<inig,  the  place  of  administration,  and  a  number  of  accessory  factors. 

PUce  of  Adznizustration. — Absorption  of  drugs  may  occur  from  the  alimentary 
Oaal  or  from  other  mucous  surfaces;  from  subcutaneous  tissue  or  serous  ca\ities;  from 
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the  atveoli  of  the  lungs  (gases  and  volatile  substances);  a  limited  number  of  substances 
may  also  be  absorbed  from  the  intact  skin.  The  influence  of  the  place  of  administra- 
tion has  been  discussed. 

Solubility. — Only  soluble  drugs  can  be  absorbed  (except  the  small 
quantities  taken  up  by  phagocytosis);  but  the  solubility  in  the  protein 
containing  fluids  of  the  body  is  not  necessarily  the  same  as  the  solubility 
in  water.  The  solubility  may  also  be  modified  by  chemic  changes  in  the 
digestive  canal. 

Solid  Subslances. — These  are  practically  unabsorbable  from  the  alimentary  tract, 
although  Koellicker  and  many  others,  on  feeding  rabbits  with  carbon,  found  particles 
in  the  prevertebral  and  niusenteric  ganglia. 

There  is  always  considerable  uncertainty  in  the  absorption  of  solid  substances,  even 
when  they  are  soluble.  They  should  therefore  be  avoided  unless  a  very  slow  action  is 
desired.     Fret  dilution  is  favorable  to  absorption. 

Influence  of  Colloids,  Etc. — Oil,  gums,  extractives,  kaolin  and  other 
colloids  hinder  absorption,  partly  by  adsorption  of  the  drug,  partly  by 
hindering  it:?  access  to  the  absorbing  surface.  The  presence  of  food  in  the 
alimentary  canal  has  a  similar  action.  The  isolated  active  constituents 
(alkaloids,  etc.)  are  preferred  if  a  quick  systemic  action  is  desired,  whilst 
the  galenic  preparations  (extracts,  tinctures,  pills,  etc.)  are  used  for 
local  effect.  In  case  a  crude  drug  contains  several  active  ingredients. 
the  employment  of  the  isolated  constituents  will  give  more  definite  results. 

Fuller's  Earth  on  Alkaloids.— Fuller's  earth  (hydrous  aluminum  silicate)  has  a 
high  adsorbing  power,  especially  for  alkaloids — varying,  however,  in  degree  with  differ- 
ent samples  (Lfoyd,  igi6;  Fantus,  1915;  Seidell,  1918).  A  specially  effective  prepa- 
ration is  known  as  "Lloyd's  Reagent"  or  *' Alkresta." 

McCruigan,  1914,  found  that  this  mixture  with  strychnin  is  insoluble  in  acid  Buids. 
and  develops  the  bitter  taste  quite  slowly;  and  that  it  delays  and  diminishes  the  tetanic 
action  in  frogs.  Fantus,  1915,  hnds  that  the  combination  is  not  dissolved  in  the 
stomach,  but  dissociates  gradually  in  the  intestines.  He  also  investigated  the  suit- 
ability of  the  earth  as  alkaloidal  antidote,  and  found  it  very  limited.  It  is  somewhat 
improved  by  the  addition  of  tartaric  acid  or  acid  sodium  phosphate;  it  is  hiKbest 
against  morphin.  cocain,  nicotin  and  ipecac;  and  least  efficirnct  against  strychnin, 
aconitin  and  colchicin.  The  effects  of  Kaolin  and  related  substances  were  also  inves- 
tigated by  Friedberger  and  Tsuneoka,  igi^t. 

Clowes  and  Walters,  rqjo,  claim  that  the  fuller's  earth  adsorbatc  is  not  broken  b; 
sodium  bicarbonate  as  assumed  by  the  other  authors;  but  that  this  requires  the  presen 
of  soap  or  other  unnamed  constituents  of  protoplasm.     SoUmann  had  found  that  bile 
salts,  whose  general  properties  resemble  those  of  soaps^  do  not  liberate  demonstrable 
quantities  of  cmetin. 

Sabbatani,  IQ13,  found  considerable  antagonism  between  strychnin  and  colloidal 
carbon  (raramel)  when  mixed  in  vitro.  The  intravenous  injection  of  the  carbon  also 
furnished  some  protection  against  the  oral  administration  of  strychnin;  but  this  was  too 
uncertain  for  practical  application. 

V.  Pauluca,  1915,  showed  that  fatty  substances  (including  petrobtum)  diminish 
the  toxicity  of  strychnin,  both  hypodermically  and  witli  <iircct  application  lo  the  nerve 
centers.  1 


Concentratioii.— The  absorption  varies  generally  in  the  same  direc- 
tion as  the  concentration,  especially  for  hyf>odermic  injections;  but  the 
relation  is  not  a  simple  one.     Absorption  tends  also  to  increase  with  th 
txti'nt  of  absorbing  surface  (^.g.,  by  making  mukiple  hypodermic  injections), 
This  seems  to  be  less  important  in  the  intestines  (SoUmann  and  Hanzlik. 

IQII-IQI^). 


e 
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Changes  of  the  Absorbing  Cell. — In  the  aUmcnlar>*  canal,  injury  to  the  absorbing 
ccU  may  cither  facilitate  or  hinder  absorption;  astringents  tend  to  have  the  latter  cfft 
corrosives  and  simple  irritants  tlic  former. 
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SoOmaiin  and  HaQzUk  found  that  phenol,  alcohol,  iodid,  and  probably  other  sub- 
ttinces  tend  to  inbibil  their  own  absorption;  so  that  the  absorption,  at  &rst  very 
npid,  13  promptly  slowed. 

Circulation. — The  rapidity  of  absorption  is  proportional  to  the  rapidity 
with  which  the  drug  is  removed;  just  as  a  burning  iamp-wick  absorte 
the  oil  more  quickly  (Mialhe).  It  therefore  increases  with  the  rapidity 
of  the  circulation  and  of  the  lymph  flow.  Active  h>'peremia  (hot  air; 
Kij^p,  1901)  and  hemorrhage  hasten  absorption;  while  it  is  delayed  by 
venous  stasis,  passive  congestion,  deficient  heart  action,  vasoconstriction, 
catarrh,  etc.  Increase  of  lymph  flow,  by  moderate  distention  and  massage 
ak)  quickens  absorption.  Excessive  distention  diminishes  absorption  by 
4lowin^  the  local  lymph  flow  (Hamburger,  1907). 

Absorption  in  Absence  of  Circulation. — Considerable  absorption  occurs  when  the 
omilation  has  stopped.  Thus,  strychnin  and  morphin  are  absorbed  by  frogs  with 
ligKtcd  hearts,  pruducing  inttrresting  modificationi<>  in  their  actions  {Meltzer,  191 1— 
1513).  Abel,  1912,  and  Abel  and  Turner,  1914,  believed  that  the  solutions  in  cardiec- 
Unnized  frogs  arc  circulated  by  the  lymph  hearts;  but  Meltzcr,  1914,  Joseph,  1914. 
uid  Githcos  and  MclLzer,  1915,  aflSrm  that  general  effects  from  the  local  injection  of 
urjthnin,  fuchsin  orcpinephrin  may  occur  even  when  all  the  lymph  hearts  are  dehnitely 
oduded,  the  absorption  occurring  through  the  lymph  spaces. 

The  absorption  in  frogs  is  delayed  by  destruction  of  the  spinal  cord  (Filippi, 
1913).  ConttdrrabU  absorption  ocatrs  also  in  dead  animals  (Sollmann  and  Hanzlik, 
<l>i3).  probably  by  diffusion. 

Abiorptioa  by  Blood  and  Lymph.— Most  soluble  subsUnces  are  absorbed  from  the 
liimeniary  canal  by  the  blood,  raihcr  than  the  lymph.  This  also  holdtt  for  the  serous 
avities;  mcthylcn  blue  injected  into  the  peritoneum  or  pleura,  for  instance,  appears  in 
{Ik urine  before  it  is  seen  in  the  thoracic  duct  (Starling  and  Tubby).  A  few  drugs,  how- 
fvK,  take  the  lymphatic  path.  Tetanus  and  diphtheria  toxin,  and  perhaps  other 
loriw,  are  absorbed  from  the  local  injections  by  the  ner\'e  sheaths,  and  reach  the  central 
J*mtts  system  along  these  (Meyer  and  Ransom,  1903;  Meyer,  1015;  C.  W.  Field, 
'C07).  These  to.xins  are  more  active  on  h\'T>odermic  or  intramuscular  than  on  intra- 
*tiiOtt»  hijection,  since  apparently  they  reach  the  nerve  centers  in  more  concentrated 
form  by  tie  lymph  than  by  the  blood. 

Sojotxm  in  Blood. — This  is  generally  very  short. 

It  mast  not  be  forgotten  that  a  drug,  after  it  has  been  absorbed  into  the  circulation, 
neediStiU  lo  penetrate  into  the  cells.  This  intracellular  absorption  depends  upon  the 
wnneof  the  poison  (selective  absorption),  and  to  some  degree  on  its  concentration. 
' .  it  is  a  very  rapid  process:  Masoin  (igoj)  found  the  time  which  elapses  before 
c  doses  disappear  practically  completely  from  the  blood,  after  intravenous  in- 
•^UOD.  to  be  for  -\rscnic,  nine-tenths  to  thirty  seconds;  Tetanin,  twenty  seconds; 
CVuias,  two  to  six  minutes;  Diphtheria  toxin,  four  minutes;  Antitoxin,  several  hours. 

SofoutH  of  Dyes  in  Blood-Urcam. — This  has  been  investigated  in  the  development  of 
■"tbods  for  mrasurins  tht  bhiod  volume.  One  group  remains  in  the  plasma  for  long 
P^i*xii;  another  group  is  excreted  rapidly  by  the  urine;  and  a  third  group  disapiicars 
"TOm  the  plasma,  but  is  not  excreted  Dy  the  kidneys.  These  groups  have  no  apparent 
'•liiJon  to  the  chemical  structure  (Dawson  et  al,  igao). 


THE  EXCRETION  OF  DRUGS 

Channels  of  Excretion. — This  occurs  mainly  through  the  urine  and 
fecis,  and  with  volatile  drugs  through  the  lungs.  The  sweat  and,  indeed, 
lU  the  secretions  play  a  minor  part.  The  relative  importance  of  the 
different  channcb  varies  for  each  drug,  the  reasons  being  but  little  under- 
Jtood.  The  rapidity  is  proportional  to  the  circulation  and  to  the  func- 
activity  of  the  excretory  organs,  and  may  be  increased  by  the 

Iters  which  stimulate  these. 
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The  excretion  of  certain  drugs  appears  to  be  limited  b>^  their  existing  in  the  bodv 
in  the  form  of  combinations.  The  elimination  of  these  is  favored  by  substances  whic^ 
displace  them  from  the  compounds.  This  is  probably  the  explanation  of  the  increased 
excretion  of  iodids  on  the  administration  of  cmorids,  and  possibly  of  the  favorable  effect 
of  iodids  in  chronic  poisoning  by  metals. 

Excretion  by  Sweat — A  considerable  number  of  drugs  are  thus  excreted  (iodids, 
bromids,  borates,  phenol,  salicylates,  antipyrin,  methylen  blue,  As,  Hg).  The  quan- 
tities are  too  small  to  make  them  significant  for  elimination,  but  they  may  help  to  ex- 
plain exanthemata. 

Excretion  by  Saliva. — This  is  rather  limited,  and  is  only  important  for  the  haloids 
(iodids)  sulphocyanates,  K  and  NH4,  Hg  and  Pb,  menthol  and  guaiacol,  hexamethyl- 
enamin,  and  some  alkaloids  (morphin  and  quinin).  The  excretion  generally  begus 
within  twenty  minutes  and  may  last  over  nine  hours  (Howe,  1912)^ 

Passage  into  Cerebro-spinal  Fluid. — Inorganic  substances  are  excreted  into  this 
only  in  a  slight  degree;  iodids  and  bromids  are  generally  present.  Many  organic  sub- 
stances pa^  into  it  much  more  freely:  Alcohol,  chloroform^  acetone  and  hexamethyl- 
enamin  occur  constantly  in  about  one-third  the  concentration  of  serum  (Hald,  191 1). 

Anilin  Dyes  are  not  generally  found  in  the  cerebro-spinal  fluid  or  in  the  gray  matter 
after  intravenous  injection.    Those  that  are  Uposoluble  are  found  in  the  gray  matter. 

The  passage  into  the  cerebro-spinal  fluid  varies  also  with  the  species,  ^cric  add 
penetrates  in  dogs,  cats  and  giiinea  pigs,  but  not  in  rabbits  (L.  Stem  and  Gautier,  1918). 

Passage  to  ^tus. — The  more  important  drugs  which  have  been  demonstrated  are: 
ferroQ^nid  (Mayer,  1871);  chloroform,  ether,  CX),  ethyl  bromid,  atropin,  morphia, 
scopofamin,  chloral,  salicy!,  quinin,  benzoic  acid,  phlorhiziii,  alcohol,  nitrate,  uiea, 
methylen  blue,  As,  Hg,  KI,  KBr  (Kehrer,  1907). 


DOSAGE  (POSOLOGT) 

Definition. — Drugs  are  administered  to  produce  a  desired  efiFect, 
and  tlie  dose  must  be  sufficient  for  this  purpose,  and  neither  too  small, 
nor  too  large.  Since  the  effect  is  influenced  by  numerous  conditions, 
it  is  impossible  to  state  exact  doses  for  any  drug;  experience  is  the  only 
safe  guide.  However,  the  doses  vary  under  ordinary  conditions  only 
within  narrow  limits,  so  that  it  is  feasible  to  state  the  customary  or  average 
doscj  as  is  done  in  the  U.S.P.  and  in  this  book.  This  is  convenient  as  a 
starting  point. 

The  "  maximum  dose  "  signifies  the  largest  dose  which  can  be  safely  used  in  ordinary 
cases;  the  "minimum  dose"  is  the  smallest  dose  which  produces  therapeutic  effects;  a 
*'ioxic  dose"  is  one  which  produces  dangerous  effects;  the  *' just  fatal  dose'*  is  that 
which  is  just  sufficient  to  cause  death;  the  "physiologic  dose"  (a  rather  indefinite  term), 
is  used  in  physiologic  experiments  on  animals. 

Variations  According  to  Administration. — ^The  different  methods  of 
administration,  by  altering  the  rapidity  of  absorption,  produce  quantita- 
tive differences  in  the  effects,  and  therefore  in  the  dosage.  Since  these 
vary  with  each  drug,  they  must  be  determined  by  observation.  General 
ratios  of  oral,  rectal  and  hypodermic  doses,  supposed  to  apply  more  or 
less  to  all  drugs,  are  dangerous  (Hatcher,  1910;  Hatcher  and  Eggleston, 
1914). 

The  same  dose  acts  the  more  profoundly,  the  more  rapidly  it  is  introduced;  mainly 
because  there  is  less  excretion  and  destruction  before  the  full  dose  has  entered;  also 
because  it  reaches  the  heart  and  other  centers  before  being  distributed  through  the  body. 
This  must  be  taken  into  account  in  fixing  the  minimal  fatal  dose.  Extremely  rapid  in- 
travenous injection  may  simulate  a  higher  fatal  dose,  if  death  occurs  during  the  injection; 
because  in  this  case  really  more  poison  may  have  been  administered  than  was  necessary 
for  death  (I.  Simon,  1905). 

Action  and  Dose. — With  some  drugs,  the  fatal  and  active  dose  are  far  apart  (atro- 
pin); with  others,  they  are  close  together  (strychnin).  The  distance  varies  with  the 
delicacy  of  observing  the  active  dose,  and  for  different  actions  of  the  same  drug. 
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Daily  Dose. — The  single  doses  arc  usually  calculated  on  the  assump- 
tion that  sufficient  time  is  allowed  to  elapse  between  the  doses  for  the 
grearer  part  of  the  drug  to  be  excreted.  This  constitutes  a  periodic 
mtdicatiofi.  The  exact  time  varies  of  course  with  the  nature  of  the  drug^ 
but  in  most  cases  the  drug  is  administered  three  or  four  times  a  day;  so 
thai  the  daily  dose  is  about  three  or  four  times  the  single  dose.  If  a  con- 
iMMMMu  action  is  desired,  correspondingly  smaller  doses  are  given  at  shorter 
intervals. 

Repetition  of  Dose. — Cash,  iqo8,  found  that  doses  of  indaconitin,  repeated  at 
nfidrntjy  close  Intenals,  gave  imperfect  summation  of  the  temperature  action;  but 
il  the  inler^-al  CTceeded  two  hours,  with  doses  less  than  one-haU  fatal,  the  later  doses 
produced  actually  less  effect. 

Variation  of  Dosage. — The  doses  ordinarily  stated  in  text-books 
«ppl>*  only  to  adults  of  average  size,  and  to  oral  administration. 

Efect  of  Weight.— Oxh^T  things  being  equal,  the  effect  of  a  given  dose 
ia  inversely  proportional  to  the  weight  of  the  indi\idual  (exclusive  of 
ifac  adi]>ose  tissue).  It  is  rarely  necessar>'  to  make  allowance  for  the 
weight  in  adults  (twenty  to  sixty  years),  but  it  may  be  used  for  calcu- 
ksing  the  dojies  for  children, 

Bodj-Sutface. — This  is  regarded  by  some  as  a  more  accurate  although  less  con- 
venient index  of  the  dose  (Moore,  1909;  Dreyer  &  Walker,  1924);  but  Lbe  subject  is  in 
t&pate  'Risskalt,  igif;). 

Calculation  of  Doses  for  Children. — In  most  cases,  the  adult  dose  is 
ndoced  in  simple  proportion  to  the  weight  of  the  child— either  by  direct 
cakulation,  or  by  the  use  of  empiric  rules  based  on  averages,  as  de- 
aaibcd  below.  The  dosage  90  obtained  is  generally  sufficiently  exact.  It 
» inadmissible  only  with  extremely  young  children;  and  with  drugs  the 
acikm  of  which  is  influenced  specifically  by  age. 

Clark's  Rule. — Multiply  the  adult  dose  with  the  weight  of  the  child 
On  pounds)  and  divide  by  150  (the  weight  of  the  average  adult).  This 
nki^ivcs  the  most  exact  results. 

Cettflittg's  Rule. — Multiply  the  adult  dose  with  the  age  of  the  child  at 
the  next  birthday,  and  divide  by  the  adult  age,  taken  as  twenty-four. 
fi.,  the  dose  for  a  child  of  three  years  would  be  ^^4  =  J^  of  the  adult 
(Jose.  This  rule  is  simple,  easily  remembered,  and  gives  data  agreeing 
Mtfikiently  well  with  the  average  weight  curve;  more  accurately  than 
VooDg's  Rule.  The  results  are  rather  too  low,  below  four  years  and  above 
aftecn  years,  but  the  error  is  on  the  safe  side. 

y0mmis  Rule. — Multiply  the  adult  doi^e  with  the  aRC  of  the  child  (in  years),  and  di- 
vide by  the  age  olus  12.  F  i.,  the  dose  for  n  child  of  three  years  would  he  ^15  -  t^. 
iftCDOparcd  witli  Cowling's  Rule,  it  gives  somewhat  higher  do&es  IkIow  twelve  years, 
aatf  «Mnewhat  lower  above  this  age. 

Priid's  Ride  for  Infants. — Divide  the  age  in  months  by  150  and  multiply  it  by  the 
■dnll  do«c;  /.(.,  W  a  baby  of  five  months,  the  dose  would  be  Moo  =*  f 3  0  • 

The  dose  for  aged  people  is  generally  taken  as  somewhat  less  than 
titti  for  adulto.  Above  sixty  years,  the  adull  dose  is  reduced  to  four- 
fihhsor  two-lhirdi;  and  in  extreme  senility,  to  one-half. 

Specific  Influence  of  A^c  on  Lhu^-aciion. — These  (i.p.,  apart  from  the 
<fiff<rence  due  to  weight)  are  known  definitely  only  for  a  few  drugs. 
CMidrtn  are  comparatively  tolerant  to  cathartics,  strychnin,  iodids,  iron, 
beUukmna,  calomel,  digitalis  and  spartein  (A.  Jacobi,  1907).    Old  age  i& 
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generally  less  resistant  to  drugs;  purgatives  and  emetics  are  especiall 
debilitating.     The  frequent  existence  of  atheroma  makes  il  dangerous  to 
use  drugs  which  raise  the  blood  pressure,  directly  or  indirectly. 

Influence  of  Sex. — Women  usually  require  somewhat  smaller  doses 
than  men  (one-half  to  four-fifths).  The  greater  susceptibility  is  in  large 
part  due  to  the  lesser  weight,  but  in  part  also  to  the  anatomic  and  func- 
tional peculiarities.  The  influences  of  sex  are  of  course  most  pronounced 
with  drugs  which  act  on  the  generative  organs.  Pregnancy  also  modifies 
the  action  of  drugs,  and  contraindicates  the  use  of  irritant  cathartics 
(because  of  the  danger  of  inducing  abortion)  and  of  irritant  diuretics 
(on  account  of  the  tendency  to  nephritis),  etc. 


COIfDITIONS  INFLUENCING  DRUG  ACTIONS  1 

The  time  of  administration  also  influences  the  action  of  drugs.  Hyp- 
notics and  Cathartics,  for  instance,  are  most  effective  when  their  action 
coincides  with  the  natural  lime  of  sleep  and  defecation,  and  if  the  ex- 
ternal conditions  are  favorable.  Stomachics  are  best  given  shortly  before 
meals.  Drugs  which  are  to  be  absorbed  rapidly  are  given  on  an  empty 
stomach,  whereas  irritants  are  administered  just  after  meals,  when  the 
stomach  is  protected  by  food;  etc. 

Idiosyncrasy. — This  term  (from  ISlos^  one's  own,  and  ainjKpa^tt  a  blend- 
ing) is  applied  to  peculiar,  exceptional  reactions  to  the  effects  of  drugs. 
The  differences  are  generaUy  quantitative,  and  may  concern  the  main 
action,  or  the  side  actions,  especially  skin  eruptions.  They  may  be 
inherent  in  the  remedy,  or  may  be  due  to  extraneous  causes,  or  they  may 
be  referred  to  the  constitution  of  the  patient.  In  the  latter  case,  they 
may  be  due  to  anatomic  or  to  functional  peculiarities.  They  may  be 
congenital  or  acquired,  temjxjrary  or  permanent.  Neurotic  patients 
are  especially  liable  to  show  unusual  effects.  Some  apparent  instances 
of  idio.syncrasy  are  due  to  differences  in  the  strength  or  constituents  of 
drugs. 
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Impurities  in  Drugs.— QualiLitivc  abnormnlities  in  the  effects  of  drugs  arc  usua 
due  to  the  exaggrration  of  a  side  artioH;  but  in  some  cases  they  may  be  referred  to  the 
presence  o(  impuritie?.  It  is  rather  doubttul,  however,  whether  these  ixnpurtties  have 
the  importance  which  is  often  assigned  to  tbem.  Whilst  it  is  desirable  that  drugs  should 
be  as  pure  tm  it  is  practical  to  make  them,  minimal  amounts  of  foreign  substances  can 
not  be  said  to  be  vcr\-  objectionable,  unless  they  arc  particularly  poisonous.  The 
pharmacopeias  have  taken  a  wise  stand  in  this  matter  by  permitting  the  presence  of 
small  amounts  of  such  innocuous  impurities  which  it  would  i>e  very  difficult  and  costly 
to  remove 

Increased  Susceptibility. — This  may  be  due  to  very  rapid  absorption, 
or  slow  elimination;  to  the  presence  of  synergistic  agents  in  the  body^ 
or  to  increased  functional  susceptibility.  ^fl 

Anaphylaxis. — This  is  a  striking  type  of  highly  increased  susceptibility;  but  it  seems 
to  be  cont'mcd  to  proteins.  It  has  been  suggested  that  the  F»eculiar  irritative  reactions 
to  iodids,  voUtile  oils,  etc.,  arc  also  anaphylactic;  but  this  is  not  the  case  (H.  N.  Cole; 
Ziehcr,  \q\2\  Glueck,  1913).  One  striking  difTerence  is  that  the  hypcrsusceptibility 
to  ordinary  drugs  can  not  be  transferred  passively. 

Cumulative  Action. — This  is  said  to  exist  when  the  continuation  of 
a  given  dose  of  a  drug  produces  greater  effects  than  the  first  doses.  It 
may  be  due  to  an  actual  accumulation  of  the  drug,  absorption  being 
greater  than  the  capacity  for  excretion;  or  it  may  be  due  to  the  sum- 
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malion  of  effects,  when  the  changes  brought  about  by  the  first  doses 
Itcrjist;  the  drug  may  use  up  some  substance  required  for  it  disintoxi- 
cation (phenol ) ;  or  there  may  be  general  decrease  of  resistance. 

iDconstant  absorption  is  a  frequent  cause  of  apparent  cumulative  action  Succes- 
sive doscb  of  the  drug  may  lie  unabsorbcd  in  the  alinientary  canal,  to  be  finally  taken 
inlD  the  s^-^tem  in  loto  when  the  condition!;  are  favoruble  to  nb^>orption.  This  explains 
ikt  the  greatest  indindual  variability  to  toxic  doses  exists  precisely  for  those  drugs 
which  we  absorbed  with  the  greatest  difl&culty. 

IrreguUrities  of  Excretion  (nephritis,  etc.)  are  al^  favorable  to  the  development  of 
aimulalive  effects. 

"EduCAtioii." — It  is  sometimes  noted  that  effects  are  more  easily  reproduced  after 
thejrhave  once  been  induced.  This  is  sc  n  particularly  in  drugs  acting  upon  the  central 
Bttvous  system.  It  is  claimed.  e.£.,  that  the  susLeplibility  to  strychnin  increases  with 
its  administration,  and  it  would  seem  that  this  is  caused  by  the  central  nervous  s>-5tem 
becoauQg  educated  to  the  stimulating  actions  and  responding  to  them  more  readily. 

Tolerance. — This  may  be  due  to  non-absorplion,  to  rapid  elimination, 
lo  the  neutralization  or  destruction  of  the  poison,  or  to  anatomic  pecu- 
liarities. Many  cases  can  not  be  explained  in  thi5  manner,  and  must 
be  assumed  to  be  functional  (the  "histogenetic"  immunity  of  Behring). 
The  tolerance  is  rarely  absolute,  so  that  it  is  scarcely  correct  to  speak 
of  "immunity."  (Critical  review  of  the  literature  of  tolerance,  Heger 
ud  Zun7,,  1914.) 

Habituation. — Tolerance  may  be  congenital,  or  it  may  be  developed 
by  the  repeated  administration  of  the  poi-%on.  This  habituation  may  be 
functional  (alcohol,  caffein,  nicotin);  or  it  may  be  due  to  diminished  ab- 
wption  (arsenic)  or  increa.%ed  elimination  (atropin  in  cats);  or  to  increased 
*ifertruction  of  the  poison  (morphin);  or  to  the  production  of  antibodies 
(toxins).  The  tolerance  is  usually  limile<l,  not  ab.solnte.  With  some 
pQ^ns,  it  deve!ni>3  a  craving  and  serious  abstinence  symptoms,  if  the 
drug  is  suddenly  withheld. 

Il  ii  interesting  that  functional  habituation,  when  acquired  for  a  par- 
ticular drug,  may  hold  also  for  other  drugs  having  a  similar  action.  A 
habitual  drunkard,  e.g..  is  resistant  to  the  general  anesthetics;  morphinists 
ire  said  to  be  more  tolerant  to  cocain  (Chouppe,  1889);  etc. 

H&usmann,  1007,  and  Santesson,  iQi^,  give  reviews  of  the  data  on  habituulion 

Aaiiloxin  formation  is  a  conspicuous  instance  of  acquired  tolerance.  It  wus  sup- 
posed to  be  confined  to  proteins,  but  seems  to  exist  also  toward  certain  glucosids  (toad- 
looh,  and  poison  ivy.  Ford,  1909;  snake  venom,  Faust,  1911).  It  does  not  occur  with 
■ftaloids  or  nny  of  the  simpler  poisons. 

Acquired  Ixnmunity  in  Protozoa.— This  has  a  practical  a»  well  as  theoretic  bearing 
w  ihemolhcrapy,  and  has  been  investigated  by  Ehslich,  igog,  and  Xcuhaus,  1910. 
Tletocpinisms  acquire  immunity  for  several  groups  of  poisons — metals  and  dyes — 
tht  tiVraiur  induced  by  one  drug  applying  lo  other  chemically  related  drugs,  but  not 
^  ,'roups.     The  immunity,  when  once  induced,  is  tninsmitted  unlinaited 

f'-  n  to  generation.     It  is  probably  due  to  diminished  affinity  of  the  proto- 

Pbu^  lur  ihii  poison.  With  alkaloids.  Prowazek,  iqio,  found  that  different  individuals, 
«•«  ta  the  progeny  of  a  single  parent^  show  varving  resistance  to  the  same  alkaloid. 
H«  abo  found  that  lecithin  protects  against  the  alkaloids. 

Bacial  Idiosyncrasy  in  Animals. — Different  s{>ccies  uf  animals  oft  n  vary  in  their 
^■*^tion.  This  can  usually  be  explained  by  dijfrrencrs  in  the  pkysiotopr  functions. 
FW  Uistancc.  the  cerebral  actions  are  usually  the  more  pronounced,  the  more  highly 
tWceiklfjil  nervous  system  is  developed;  whereas  spinal  actions  predominate  in  the  lower 
J^Wbfites.  Rodents  are  incapable  of  vomiting  and  therefore  do  not  respond  lo 
*'"'ttet.  Atn.»pin  quickens  the  heart  of  the  dog,  but  not  that  of  the  rabbit,  because  it 
**'  ^ing  the  vagus,  which  is  not  tonically  active  in  the  rabbit.    The  dog-fish, 

•■  I    or    less  resistant    to   nephrotoxic  poisons,  normally  excretes  urea  and 

pfo«4o:\  jiiicr  metabolic  products  mainly  by  the  intestines  and  bile  fDcnis,  1013). 

Natural  resistance  is  often  due  to  the  destruction  of  the  poison, /.i.,  that  of  atropin 
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by  the  serum  of  rabbits,  etc.  The  destructive  mechanism  roav  be  greatly  increased  by 
habituation;/.*.,  with  morphin.  Differences  of  absorption  and  excretion  also  come  into 
play. 

There  are  stiU  a  number  of  differences  which  can  not  yet  he  exflained  on  a  phyHciopc 
basis.  These  Tnust  be  referred  to  our  ignorance  of  the  physiologic  differences  whi  :h  are 
involved.  The  hedgehog  has  a  high  unexplained  resistance  to  many  poisons;  morphin, 
atropin,  nicotin,  cyanid,  cantharides,  arsenite,  diphtheria  and  tetanus  toxins;  not  for 
strychnin  (Strubell,  1909;  WiUberg,  1913). 

Even  the  same  organs  in  different  classes  of  animals  may  show  unexplained  differ- 
ences. Thus,  Gunn,  1909,  claims  that  apocodein,  quinin^  and  yohimbin,  which  cause 
vasodilation  in  mammals  constrict  the  blood  vessels  in  frogs — both  peripherally. 
Characteristic  differences  in  epinephrin  are  well  known;  but  the  mechanism  of  these  is 
explained  by  differences  in  innervation. 

Individiial  Idios^crasy  in  Animals. — In  animals,  as  well  as  in  man,  peculiarities 
exist  in  different  individuals  of  the  same  species.  QualiUtiive  di^erences  are  seen  particu- 
larly in  the  action  of  Cannabis  on  dogs. 

Instances  of  guantUative  differences  are  very  numerous: 

In  a  large  series  of  experiments  with  toxic  doses  of  drugs  on  animals  the  author  has 
found  that  there  is  a  fair  degree  of  uniformity  in  the  proportion  of  animals  which  die 
with  a  given  dose.  Thus,  certain  limits  can  be  found  inside  of  which,  out  of  five  animals 
three  will  always  die.  These  limits  varjr  from  0.5  per  cent,  (strychnin)  to  25  per  cent, 
(ergot),  but  are  usually  comprised  withm  from  5  per  cent,  to  10  per  cent. 

On  the  other  hand,  the  susceptibility  of  any  one  animal  is  subject  to  greater  possible 
variations;  e.g.,  with  a  given  preparation  of  digitalis,  0.6  mg.  per  gram  will  always  kill 
three  guinea  pigs  out  of  five.  But  in  a  large  series  of  experiments,  a  number  of  animals 
will  be  found  which  will  die  of  doses  as  small  as  0.4  mg.,  while  others  will  die  only  when 
0.9  mg.  is  reached.  Whether  these  comparatively  immune  animals  always  enjoy  this 
immunity,  or  whether  the  condition  is  only  temporary,  as  well  as  the  influence  of  age, 
sex,  etc.,  has  not  been  determined. 

'  These  individual  differences  are  still  more  striking  if,  instead  of  observing  the  toxic 
I  doses — i.e.,  the  sum  total  of  the  effects — we  direct  our  attention  upon  some  one  particu- 
lar action,  e.g.,  the  amount  of  slowing  of  the  heart  or  the  variation  of  blood  pressure. 
The  differences  in  this  respect  are  so  great  qualitatively  that  it  is  unsafe  to  draw  con- 
clusions from  a  single  experiment,  and  it  is  difficult  m  these  cases  to  establish  any 
quantitative  standard. 

Seasonal  Variations. — The  susceptibilitv  of  animals  to  a  number  of  i>oisona  varies 
considerably  with  the  season.  With  cold-blooded  animals,  this  would  be  referred 
mainly  to  differences  of  temperature;  but  considerable  variations  exist  also  in  mammals. 
Guinea  pigs,  f.i.,  are  more  resistant  to  ouabain,  and  less  resistant  to  acetonitrile  and 
diphtheria  toxin  during  November  to  January  than  in  the  spring  and  summer  months 
(Haskell,  1913). 

Temperature. — This  has  a  marked  effect  in  cold-blooded  animals;  digitalis,  veratrin, 
nicotin,  strychnin,  tetanus  toxin,  chloral,  and  alcohol,  for  instance,  are  rendered  more 
active,  morphin  and  curare,  less  active,  by  raising  the  temperature.  The  temperature 
quotient  of  strychnin  was  investigated  by  Schlomovitz  and  Chase,  1916. 

The  influence  is  especially  marked  with  poisons  that  have  to  imdergo  a  tran^or- 
mation  in  the  body.  At  37°C.,  the  susceptibility  of  frogs  to  atoxyl  is  increased  X2 
times,  that  for  colchicin  50  times,  above  ordinary  room  temperature.  With  muscles, 
the  activity  of  drugs  increases  in  a  mathematical  ratio  with  the  temperature  within 
certain  limits  (Veley  and  Waller,  1910). 

The  temperature  relations  of  digitaloids  are  fully  discussed  by  SoUmann,  Men- 
denhall  and  Stingel,  1915. 

In  mammals,  cooling  generally  increases  toxicity  by  adding  its  direct  depressant 
action. 

Temperature  on  Spinal  Reflexes. — In  decapitated  cats,  reflexes  are  optimal  at  38°C.; 
but  the  changes  are  very  slight  between  35  and  37*.  In  frogs,  the  optimal  temperature 
for  reflexes  is  5°  for  winter-frogs,  6.S^  for  summer-frogs.  A  second  optimum  is  reached 
between  19  and  21^;  but  this  is  much  less  efficient  than  the  flrst  optimum  (van  Leeawen 
and  van  der  Made,  191 6). 

Diet. — This  has  a  marked  effect  on  the  resistance  of  animals  to  many  poisons 
(Hunt,  1910;  Opie  and  AUord,  1914);  but  little  is  known  of  this  in  man. 

The  people  of  the  undernourished  war-countries  were  said  to  show  greater  suscepti- 
bility to  the  toxic  manifestations  of  mercury  and  arsphcnamin;  to  the  narcotic  action  of 
morphin,  and  to  cutaneous  reactions  for  various  drugs  (Zernick;  1919,  Rumpel,  1919). 

The  calcium  content  is  important  in  influencing  cutaneous  irritation  (Luithlen,  1911, 
1912).    Barium  is  better  absorbed  from  a  Ca-poor  diet  (Alsberg  and  Black,  19x2). 
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The  ftdd-base  content  of  the  food  is  eiso  an  important  factorr  especially  in  rela- 
liOB  to  renal  irriutions  (Salant  and  Bcngi&,  1917;  Salant  and  Swanson,  19x7]. 

Influence  of  Pathologic  States. — The  effects  of  drugs  in  disease  may 
differ  materially  from  thuse  on  iieallhy  animals.  The  pathologic  condi- 
tions may  diminish  absorption  (diarrhea)  or  increase  it  (corrosion);  they 
may  hasten  the  destruction  of  the  poison  (alcohol  produces  less  intoxi- 
cation in  fever);  or  they  may  alter  the  effects  entirely.  Some  of  these 
modifications  are  readily  explained  by  the  functional  or  anatomic  changes 
of  disease;  others  are  obscure. 

The  antipyretics  reduce  the  temperature  in  hyperpyrexia,  but  do  not  affect  it  when 
it  is  normal;  digitalis  ia  an  effidcni  diuretic  in  cardiac  disease,  but  not  in  health;  it 
iffects  the  normal  cardiac  muscle,  but  has  little  action  on  a  fatty  heart,  etc.;  the  anti- 
teptks  and  antitoxins  are  active  only  in  infections,  etc.  Numerous  other  instances 
ail}'  be  found  in  the  papers  of  Salant,  tpi  i,  and  WalUce,  19x2. 

Pathologic  conditions  which  modify  absorption  and  excretion  are  of  particular  prac- 
&il  importance:  Suppression  of  urine,  a»  by  nephritis,  may  lead  to  toxic  svraptoms 
fiom  dnips  or  doses  which  arc  ordinarily  harmless.  The  general  reduction  of  vitality, 
tbe"i«irrnrf  rrsi'-ting  power,""  which  is  so  common  in  many  diseases  is  similarly  import- 
tat  As  an  inflance  of  such  modifications,  the  investigations  of  I.usini  and  Sebastiani, 
r,  may  be  quoted.  They  found  the  absorptions  of  poisons  hastened  immediately 
kemorrkage  but  not  later.  The  toxic  symptoms  were  not  mo<iified.  The  rcsist- 
nnwu  founrf  lowered  to  a  varying  degree  for  different  poisons:  Most  for  strychnin, 
Imfor  venilrin.  and  not  at  all  for  physostigmin. 

tnflamed  Vessels. —  ITiese  react  abn(»rmally.  Eskin,  1914,  found  constrictor  drugs 
jeoeniUy  less  and  dilator  drugs  more  effective.  Epinephrin  often  produced  dilation, 
■hilsl  mffcin.  which  normally  dilates,  constricted  tnc  indamed  vessels  of  rabbit's  ear. 

"  '  '   '    ''?  allow  a  much  more  rapid  diffusion  of  proteins,  toxins  and  ferments 

I'  rie  (Maycrhofer  and  I'rihntm,  roog)- 

*„.  ^^^.^: a  of  the  drugs  in  the  body  may  l>e  different  in  disease  and  health. 

Tlta  a  best  illustrated  by  fluorescein  [see  Index). 

lodid  and  many  dyes  tend  to  accumulate  in  the  necrotic  areaa  of  tuberculosis,  tu- 
■»i.etc  (Weil,  19x6;' Cecil  and  Weil,  1917). 

The  Combined  Action  of  Drugs. — The  effects  of  drugs  are  also  influ- 
enced by  the  unu<.u.ii  conditions  induced  by  the  simultaneous  administra- 
Iwnor  presence  of  other  drugs.  A  quantitative  change  may  occur  either 
ta  ihf  ftensc  of  increasing  the  efficiency  (synergism),  or  of  diminishing  it 
(ftiUAgonism).  There  may  also  be  qualitative  changes.  In  other  cases, 
oew  actions  are  developed  by  the  reaction  of  the  drugs  on  each  other,  with 
Ibc  production  of  new  compounds.  For  instance,  the  presence  of  adds 
PtMCTS  the  basic  salts  of  bismuth  soluble  and  toxic;  oxidizing  substances 
ttay  liberate  iodin  from  iodids;  the  iodids  also  decompose  calomel  and 
roHier  it  irritant. 

Antagonism  of  action  is  employed  in  the  treatment  of  poisoning;  or 
sometimes  to  remove  undesired  side  effects.  When  it  interferes  with 
deared  effects,  it  constitutes  ''therapeutic  incompatibility.'* 

Combination  Therapy. — Synergism  is  utilized  to  secure  the  summa- 
tion oi  the  desirable  effects  of  several  drugs,  whilst  the  side  actions  arc 
■01  increased  or  may  even  be  neutralized.  The  efficiency  itself  may  be 
iocraiscd,  especially  when  the  drugs  attack  a  given  cell  or  function 
■multancously  by  several  different  mechanisms.  Chemo-therapy  has 
ft.[  '  me  illustrations  of  this  (Ehrlich,  1909).     Formerly,  combina- 

b-  ^s  were  very  popular,  but  on  the  empiric  principle  of  the  shot- 

{UB  mixture — that  of  many  ingredients,  some  at  least  might  fit  the 
dJKase.  Such  indiscriminate  mixtures  are  not  scientiBc.  It  is  better  to 
kilDpby  the  fewest  possible  drugs,  until  it  has  actually  been  shown  that 
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combinations  give  superior  results  in  the  particular  condition.     In  givii 
several  drugs  of  similar  actions,  the  dosage  of  each  must  be  correspondingly 
reduced. 

Variations  of  Combined  Action. — \\Tien  several  drugs  are  administered 
together,  each  may  act  independently,  as  if  it  were  present  alone.  The 
result  would  then  be  a  simple  algebraic  summation  of  the  effects,  either 
synergistic  or  antagonistic.  In  many  cases,  however,  the  combined 
action  is  greater  or  smaller  than  would  be  calculated  {potentiaUd  and 
deficient  summaiion).  The  relations  may  differ  entirely  according  to 
dosage. 

F.i.,  stimulants  are  antagonistic  to  dcprcfisants  only  in  small  doses.    Large  doses 
often  become  synergistic,  the  depression  being  greater  than  if  the  depressant  were  used 
alone.     Insta.nccs  of  this  are  atropin  and  pilocarpin  on  embryonal  growth,  SoUmann, 
1Q04;  casein  and  alcohol  toxicity,  Pilcher,  191^;  atropin  and  physostigmin  toxicity^H 
Fraser;  Fothci^Il  gives  other  interesting  examples  of  antagonism.  ^H 

Sometimes,  an  action  develops  only  in  the  presence  of  another  drug;/./.,  pilocarpin^^ 
provokes  the  action  of  minute  doses  of  atropin  on  the  intestine;  or  the  i>oint  of  attack 
may  be  shifted  by  the  second  drug.     Instances  will  be  found  in  the  chapter  on  "  Auto-^^_ 
nomic  Poisons."    The  ratio  of  ions  in  the  medium  surrounding  the  cell  influences  th^H 
effects  of  drugs  very  materially.  ^^1 

Instances  of  Synei^ism. — The  best-studied  examples  are  from  the  group  of  narcotics. 
The  simple  lipolytic  narcotics  (alcohol,  ether,  chloroform,  etc.)  show  practically  only 
simple  summation;  but  the  addition  of  the  alkaloidal  narcotics  (morpnin  and  scopola- 
min)  gives  considerable  potentiation  (Knell,  1907;  Fuchner,  191 »;  Kochmann  and 
pupils,  1913).  Bromids  give  simple  summation  with  Upolytic  and  alkaloidal  narcotics 
(Klammer,  IQ13).  The  different  opium  alkaloids  potentiate  each  other  in  interesting 
ways  (Slraub,  IQ13;  Macht).  The  organic  local  anesthetics  do  not  usually  potentiate 
(Schmid,  1013).     Fuehntrr,  191 3,  has  worked  out  the  sumnuition  of  hemolytic  agents. 

Mechanisms  of  Potentiation. — There  are    several  possible  explanations,  but  fcir, 
definite  data.     One  drug  could  modify  the   penetration  of  another.     Fuehner,   iqi, 
showed  that  this  is  true  of  the  solubility  coefficient  of  the  narcotics;  or  it  might  atlf 
the  chemic  affinity,  either  by  acting  as  an  amboceptor,  or  by  closing  the  combinii 
groups  of  the  cell  or  of  the  drug  (antitoxins);  or  it  might  attack  the  cell  from  a  differenl 
point. 

Mansheld  and  Hamburger.   1915,  believe  that  magnesium  potentiates  urethane; 
and  that  ether  potentiates  chloral  or  morphin,  by  favoring  the  dktribution  of  thcaaj 
agents  in  the  nervous  system;  for  they  find  that  the  augmented  action   of  the    combi 
nations  persists  after  the  magnesium  is  nrutralixed  by  calcium;  or  after  the  ether  hi 
been  eliminated.  ^^ 

Those  interested  in  summation  and  antagoni&m  should  read  Chapter  Viil 
Verworn's  "Errcgung  und  Laehmung." 

Buergi*5  Law. — Ituergi,  1910-1913,  proposed  a  universal  expbnation  of  synergism 
but  his  generalization  is  doubtless  too  sweeping.  lie  announced  that  potentiation 
occurs,  always  and  only,  when  two  drugs  have  differenl  points  of  attack  in  the  cell* 
because  two  different  receptors  could  take  up  more  poi.son  in  a  given  time  than  could 
a  single  receptor  from  the  double  quantity  of  a  single  drug.  Kuchncr,  1917;  Issekutz, 
1913;  Zorn.  1913,  and  others  have  pointed  out  numerous  important  exceptions  to  Ihtt^ 
"law."    It  is  certainly  not  universally  applicable. 
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•  FERMENTS  AND  NUTRIENTS 

DIGESTIVE  FERMENTS 

Natiire  of  Fenncnts. — The  digestion  of  food  in  the  alimentary  canal  if) 
accomplished  mainly  by  the  secretion  of  organic  ferments  or  enzymes;] 
colloid  substances  of  unknown  composition,  whose  presence   accelerateflj 
chemical  changes.     Commercial  ferments  are  more  or  less  purified  ex- 
tracts, rich  in  protein,  and  dried  or  preserved  by  glycerin. 
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Onr  knowlcdfc  of  the  nature  af  ferments  is  very  incomplete.  Like  colloids.  lhe>' 
pQBRK  electric  cnargcs  ^Michaclb,  igog).  Emil  Fischer  found  their  action  on  sugars 
Id  dcpead  on  their  optic  activit>'.  Several  workers  have  shown  that  the  cleavage 
Ctfoeots  may,  under  proper  conditions,  produce  s>Ttthesen  ^Taylor.  1004).  The  lenn 
"fcrmentatiop "  is  derived  from  fermentum.  leaven;  and  this  probably  from  fervcre, 
to  bofl.    It  isas  originally  applied  lo  all  eSer^'escccce. 

Cooditioiis  of  Action  and  Deterioration. — The  digestive  fennents  are 
specifically  adapted  to  the  hydrolytic  cleavage  of  the  various  food  products 
(amylolytic,  proteolytic,  lipolytic,  etc.).  Their  activity  is  greatly  influ- 
enced by  \-arious  conditions,  especially  by  temperature  (40°  to  45**C.  being 
optimal  for  mammalian  ferments);  by  acid  or  alkaline  reaction;  by  sails, 
etc.  Solutions  are  quite  unstable.  Tliey  are  destroyed  rapidly  about 
50T.,  immediately  by  boiling  and  more  gradually  by  any  excessive  con- 
(iitiaos,  and  by  putrefaction.  Pepsin  is  much  more  resistant  to  destruc- 
tion than  lr\'psin,  but  both  deteriorate  even  In  neutral  solutions,  trypsin 
in  a  few  days.  Dilute  watery  solutions  deteriorate  quickly  even  at 
ry  temperature;  and  even  dry  "pancreatin"  is  unstable  (Long  and 
TTiann,    1Q14)-     Pepsin   can   be  completely  destroyed  by  shaking 

-    ce  and  Meltzer,  IQ09). 

Incompatibilities. — Solutions  of  ferments  are  therefore  incompatible 
»ith  excess  oi  acid  and  alkali  (Long  and  Muhlmann,  1914)  or  salts;  with 
fliaoy  antiseptics;  with  excess  of  alcohol;  and  with  all  protein-precipiiants. 
Pn)sin  in  neutral  or  alkaline  solution  is  destroyed  by  sodium  chlorid 
Hamburger,  1915). 
,'.i;ttf«  of  Jermenis  digest  each  other  more  or  less  rapidly  according 
to  their  reaction.  Pepsin,  in  the  presence  of  weak  acids,  destroys  trypsin 
amylopsin  completely;  but  lr>-psin  has  little  effect  on  pepsin  under 
_  inary  cundiLioQs  (Long  and  Muhlman).  **  Compound  Digestive  Elix- 
irs," supposed  to  contain  pepsin  with  pancreatin,  etc.,  arc  practically 
worthless  (J.  A.  M.  A.,  1907,  v.  48,  p.  434). 

Administration  of  Fennents  in  Digestive  Disorders. — This  has  not 
fobed  the  early  expectations,  one  reason  being  that  digestive  disturb- 
UKts  are  rarely  due  to  deficiency  of  ferments.  It  is  also  difficult  to  ad- 
oanistcr  ferments  so  that  they  could  develop  their  actions.  Apparently 
^J^raWe  results  may  often  be  explained  by  the  other  treatment  with 
■^  they  are  usually  combined. 


_^  ^  «f  Fiiimwfc  in  (he  Strnnarh.— The  raartioo  of  the  stomach  u  best 

lAiJ  to  p^pa".  and  i»  aaore  or  lea*  iwiwW^l  to  dia^tay  and  tr^'psin.  However,  whcD 
ttot  Hmneata  are  tborougfaly  mixed  with  food,  they  laay  act  in  the  fniulas  of  tlir 
HiQld)  for  aa  hoor  orr  so  (Caaaon).  before  the  mass  becomes  aod  (GnietaDcr.  1905); 
n4  aacc  the  add  »  laripehr  bound  b>'  the  protana.  sosxie  of  the  trypsm  may  pai»  the 
4^BCh  onduMed  iXo^  and  Hull.  xqx?).  The  actual  <|aaji(ity  is  gencfany  tooaDall 
■Vttjr  pnrticmriisc.    Hovcv-er.  there  are  some  data  rbadi  soegcst  that  tii^    ''  ^~^ 


«l  Ifoli  pancnas  by  nuMitb  impnn-cft  the  abaofpdoo  of  fat  and  protdos  in  dogf 
.     liof  Batnral  n»creatic  secretioB  (Sandmcycr.  1895;  Pratt.  1Q09).     The  action 
■  pi^tt  b  too  feefaw  at  body  teatpcraturc  to  deserve  ooBMcratwa. 

Other  Uies. — A  more  ratiotial  field  for  fennents  is  in  the  p>reparation 
^  prcdigested  foods,  especially  for  rectal  alimentation.  Rennin  and 
P^cpMb  are  used  for  curdling  milJL  Pcpan  has  been  employed  to  dissolve 
^Nkahctitic  membranes. 


^VlHMnai  INipinriiiiih  in  Diabetes. — The  ioqnrtaat  rciatioa  of  the  paaoeaa  to 
wahyAntr  Ttibolitm  cxKoura^cd  the  hofx  that  its  adaixtistratioo  wooU  be  bene- 
ol  to  ^bftTff  ^*P«^»r*     The  lonlu,  howmr,  hare  beta  caGeolialSy  ncsatlve,  both 
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in  haman  diabetes  and  experimental  glycosurias,  however  much  the  experiments, 
preparations,  channels  of  administration,  etc.,  have  been  modi6ed  (M urlin  and  Kramer, 
1Q13).  The  exceptional  fxisitive  results  may  be  fairly  attributed  to  the  natural  varia- 
tions in  the  clinical  course;  whilst  the  experimental  results  (such  as  those  of  Zuelzer, 
i<jo8)  fall  within  the  limits  of  ordinary  variation  {Jiicohy,  Exp.  Ther.,  p.  135).  The 
hj^thetical  internal  secretion  of  the  pancreas  can  not  therefore  be  utilized 
therapeutically. 

Somewhat  positive  results  are  reported  on  depancreatized  do^  by  KJeincr  and 
Meltxer,  igi5  and  Kleiner,  1910.  If  aextrose  is  injected  intravenously,  the  restoration 
of  the  normal  level  of  blood-sugar,  requires  twice  as  long  as  normal  in  an  animal  whose 
pancreas  has  been  removed.  They  claim  that  this  delay  is  prevented  by  pancreas-emul- 
sion, and  that  this  also  diminishes  the  spontaneous  hyperglycemia  of  pancreatectomy. 

The  intravenous  injei^tion  qf  pancreas,  however,  is  too  dangerous  for  clinical  trial. 
It  produces  toxic  symptoms  rest:nibliiig  those  of  albumoses  (Hildebrandt,  1890). 
Smaller  doses  give  rise  to  the  formation  of  specifit  antibodies.  Normal  serum  and 
other  native  proteins  are  also  markedly  resistant  to  protolytic  ferments  (Lcvene 
and  Stookey,  1003).  This  resistance  is  destroyed  by  heating  to  yo^C,  and  is  connected 
especially  with  the  albumen  fraction  (Ctthcart,  1904). 

Trypsin  Injections  against  Cancer. — These  were  advocated  by  J,  Beard,  1905: 
and  Shaw-Mackenzie,  tgo6,  but  proved  disappointing.  They  produce  local  lesions  and 
toxic  effects  resembling  peptone -poisoning  (Kirchheim,  iqii).  Papain  and  takadia- 
Blase  act  similarly  (Kirchiieim,  1913).  ^ 


PREPARATIONS — FERMENTS  ^" 

I  ^  Pepsinum  {Pepsin),  U.S.P.,  B.P. — A  proteolytic  extract  obtained  from  the  mucoui 
membrane  of  the  stomach  of  the  pig  (or  sheep  or  calf,  B.P.).  Capable  of  digesting  not 
less  than  .s.ooo  parts  of  coagulated  egg-albumen  (U.S. P.),  (2,500  parts,  B.P.),  when  the 
test  is  made  according  to  the  official  directions.  Various  processes  arc  used  in  its 
manufacture.  White  or  yellowish  scales  or  powder,  slight  odor  and  taste;  acid  reaction. 
Sol.  in  water  (1:50);  nearly  insol.  in  ale.  Solutions  are  incompatible  with  alkalies* 
salts,  metals,  and  tannin. 

All  acid  solutions  deteriorate  gradually  in  proportion  to  their  acidity  (C.  F.  Ramsay, 
1917). 

Th-  optimal  reaction  for  pepsin  is  H  »  4  X  lo"*;  but  there  is  practically  little 
difference  between  5.8  and  1.7  X  lo"^  (Okada).  ^M 

Dose,  0.5  Gm.,  8  gr.,  U.S.P.;  0.3  to  0.6  Gm.,  5  to  10  gr.,  B.P.    Numberless  propriA^^ 
tary  preparations  are  advertised,  but  without  material  advantage.  ^^ 

Gtyur.  Pepsin. y  B.P. — to  per  cent,  of  pepsin;  1.15  per  cent,  of  hydrochloric  add. 
Dose^  4  to  S  c.c,  I  to  3  drams,  B.P. 

Pepsin.  Sacck. — i  :io  of  milk-sugar. 

Liq.  Seriparus,  N.F.,  B.P.C;  Liquid  Rennet. — Extracts  of  the  fourth  stomach  oi 
calves;  used  to  coagulate  unboiled  milk  (i  :  100  to  300,  sS^C,  ioo°F.)  for  the  prepara^H 
tion  of  junket  and  whey.  ^^ 

*  Pancrealinum  (Pancreai.),  U.S. P.;  Pancreatin. — \  mixture  containing  enzymes, 
consisting  principally  of  amylopsin,  tjr>psin  and  steapsin,  obtained  from  the  fresh 
pancreas  of  the  hog  or  of  the  beef.  It  converts  not  lc"is  than  25  limes  its  own  weight 
of  starch  into  sugars.     However,  commercial  pancreatins  generally  contain  little  or  no 

firotcolytic  ferment,  and  vcrj'  uncertain  amounts  of  diastase.  The  U.S. P.  test  does  not 
nsure  proteolytic  activity.  The  amylopsin  acts  best  in  a  faintly  alkaline  (0.025  per 
cent.  NaHCOj)  or  neutral  medium,  and  is  destroyed  by  very  wrak  acidity  (0.006  per 
cent.  HCl)  (Long  and  Muhlman,  1914).  Trypsin  also  acts  best  when  alkaline  (o.a  to 
I  per  cent.  NatCOi)  but  is  somewhat  active  with  very  weak  acidity. 

The  optimal  reaction  varies  for  different  proteins  (Long  and  Hull,  1917). 

Excess  in  cither  direction  is  detrimental.  It  acts  best  on  tibrin  or  casein,  feebly 
on  cooked  albumen,  and  scarcely  at  all  on  raw  albumen  (Long  and  Muhlmann;  Sugi- 
moto,  iQiO.  Pancreatin  occurs  as  a  cream-colored,  amorphous  powder,  having  a 
faint,  peculiar  odor.  Slowly  sol.  in  water;  insol.  in  ale.  Dostt  0.5  Gm.,  8  gr.,  U.S.P., 
B.P. 

Liq.  Pancreat.,  B.P.— An  alcohol -glycerin  extract.    Dose,  4  to  8  ex.,  i  to  a  drams. 

Puh.  Pancreat.  Co.,  N.F.,  B.P.C. — Pancreatin  mixed  with  4  parts  of  sodium  bi- 
carbonate; is  used  for  the  arlificial  digestion  of  milk  (1.5  to  500,  38  C,  loo'^F.,  for  half 
an  hour). 

Papain. — The  dried  milk-juice  of  the  unripe  fruit  of  Carica  Papaj-a.    Extracts  are 
marketed  under  proprietary  names.     It  is  supposed  to  digest  proteins  in  acid,  alkalii 
and  neutral  media;  its  activit>',  however,  is  variable,  and  al;s-ay5  much  less  thaii  pepsii 
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TTic  digestion  is  more  rapid  at  So**  to  ps^C.  (Pozerski,  iqoq;  some  of  its  peculiarities 
were  studied  by  Mendel  and  Blood,  igiol.     Dose,  o.i  to  i  Gm. 

Extraitum  \faUi  (Ext.  Malt),  U.S. P. — A  watery,  extract  of  mAlt,  prepared  &t 
5S'C,  and  evaporated  at  this  temperature  to  the  consistence  of  a  inick  honey. 
OiK^MRs diastase^  and  therefore  digests  starch;  but  the  diastatic  power  of  the  commercial 
eitncts  is  very  weak.'  It  is  more  properly  nutrient,  being  rich  in  carbohydrates. 
Doit,  It  C.C.,  ,^3  ounce.     Many  Ujutd  malt  extract.?  arc  practicaUy  strong  beer. 

Mmum,  U.S. P.;  Malt. — The  grain  of  barley,  Hordeum  sativum,  partially  gcrmi- 
ittjtti  artificially,  and  then  dried  at  a  tempemture  not  exceeding  ss^C.  Il  is  capable 
of  converting  not  less  than  live  limes  its  weight  of  starch  into  sugars. 

Diastasum,  U.S. P.;  Diastase. — .\  mixture  containing  amylolytic  enzymes  obtained 
from  «n  infusion  of  malt.  It  converts  not  lcs.s  than  fifty  times  its  weight  of  potato 
sUrch  into  <tugars.  A  yellowish- white,  amorphous  powaer  or  in  translucent  scales; 
odorless  and  tasttelesfi.  Diastase  gradually  loses  its  amylolytic  power  on  keeping;  is 
diminished  bv  the  presence  of  acids  or  alkalies.  Sol.  in  water;  almost  insol.  in  ale. 
Ajif.o.s  Gm'.  8gr.,  U.S.P. 

Diftstatic  fennents  are  also  obtained  from  other  sources,  animal  and  vegetable; 
Tilu  diastase,  for  instance,  from  a  Japanese  mould.  Their  diastatic  action  is  also 
vcak  and  unreliable.' 


LACTIC  ACID  PRODUCING  ORGANISMS 

These  were  introduced  by  Mctchnikoff,  with  the  idea  of  acidifying  the  intestiDM, 
ud  thereby  preventing  intestinal  putrefaction,  which  he  held  responsible  for  premature 
seniUt)-.     They  had  only  a  brief  popularity. 

Tus  theor;^  of  old  age  was  witnout  scientific  support;  nor  docs  the  administration 
of  these  organisms,  or  o!  milk  soured  by  them,  check  intestinal  putrefaction.  On  the 
contrary,  they  succumb  promptly  to  the  ordinary  putrefactive  bacteria  of  the  intestines. 

On  the  other  hand,  sour  milk  is  sometimes  distinctly  beneficial,  especially  in  pedia- 
tric*, against  vomiting,  acute  and  chronic  diarrhea,  etc.  (see  N.N.R.),  and  there  are 
»dvanLiges  in  souring  the  milk  by  known  organisms.  Bacillus  Bulganus  is  used,  alone 
or  in  combination  with  Streptococcus  lacticus.  The  reliable  commercial  preparations 
we  listed  in  N.N.R. 

MEDICINAL  FOODS 

Limitationfi. — ^The  administration  of  food  in  the  guise  of  medicine  is 

wmetimes  advantageous;  but  medicinal  foods  are  subject  to  the  ordinary 

law  of  dietetics,  and  therefore  can  not  accomplish  the  wonders  which  arc 

often  claimed  for  them.     The  proprietary  foods  have  been  enormously 

overestimated,  and  therefore  have  probably  done  more  harm  than  good. 

The  ultimate  value  of  any  food  depends  mainly  on  the  amount  of  calories 

which  it  can  yield,  and  on  its  supplying  at  least  a  minimum  of  proteins. 

In  these  respects,  the  medicinal  foods  are  all  inferior,  for  they  can  not  be 

administered  practically  in  sufl&cient  quantity  to  supply  the  needs  of  the 

jfxiy.    They  have  a  place  as  adjuvants  to  other  foods,  permitting  the 

introduction  of  more  food  than  the  patient  could  otherwise  be  induced  to 

^^t.    This  may  be  needed  for  superalimentation;  when  digestion  is  low, 

*5  in  fevers  or  convalescence;  or  to  tide  the  patient  over  some  temporary 

'^ '■     Aside  from  the  special  diabetes  foods  and  cod  liver  oil,  their  value 

rivly  psychic.     The  better  medicinal  foods,  it  is  true,  are  free  from 

|Kjrtions,  and  are  pleasantly  flavored;  those  which  contain 

n.tives  would  stimulate  the  flow  of  gastric  juice;  but  all  these 

lies  are  possessed  by  milk,  eggs,  cereals  and  soups.     A  few  are  more 

-nirated;  but  this  has  no  advantage  in  feeding  the  sick,  since  water 

roust  l)c  supplied  in  one  form  or  another. 

Predigested  Foods. — The  value  of  these  is  doubtful,  even  if  they  are 
wcil  utilized;  for  digestive  disturbances  involve  the  motor  functions   and 

;R«p.  C.P.C.  I  A.M.A..  July  ti.  1908. 

*R«».  C.P.C.,  J.A.M..\.,  July  II.  ipoS;  July  6.  1012. 
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absorption  more  commonly  than  the  chemical  functions, 
use  of  prcdigcsted  foods  often  produces  irritation. 


The  con  til 


•  Utilization  of  the  Products  of  Artifidal  Digestion. — It  has  been  questioned  whether 
this  is  as  trCfeciive  as  that  of  the-  products  of  nalural  digestion.  However,  the  work  of 
Abdcrhalden  and  others  bus  shown  that  nitrogen  t-quilibrium  can  be  maintained  in 
animals  on  a  diet  of  the  products  of  add-hydrolysts  of  proteins,  if  these  are  sufficiently 
varied  to  secure  a  proper  balance  of  the  various  amino-acids.  etc.     (Rep.  C.P.C.,  1012.) 

Animals  with  lueir  digestive  canal  excised  can  l)c  kept  alive  by  intravenous  injection 
of  aniino-acid  mixtures,  but  not  by  peptones,  proteoses,  ammonium  or  urea  (Henriquez 
and  Anderson,  IQ14). 

Dry  "Peptones." — The  dried  product  of  the  artiiicial  digestion  of  meats,  usually 
consisting  mainly  of  albumoses.  Their  taste  is  disagreeable  and  they  often  cause 
irritation.  Intravenously  they  arc  to.vic,  lowering  the  blood  pressure  and  rendering 
the  blood  non-coa^;uIab!e  (see  Index). 

Liquid  Predigested  Foods. — As  found  on  the  market,  these  arc  flavored  solutions 
containing;  small  amounts  of  prcdigcsted  proteins  (J^j  to  0  per  cent.)  and  of  sugars  and 
other  carb*>hydrates  (f*j  to  15  per  cent  t,  with  w  to  ig  per  cent,  of  alcohol,  and  often 
with  large  quantities  (up  to  30  percent.)  of  glycerin  (details  in  Rep.  C.P.C.,  J.A  ^t.A.,^ 
May  II,  1907).  Their  protein  content  averages  less  than  that  of  milk  (3.5  per  cent.)^  V 
and  in  energy  value,  on  the  basis  of  calorics,  they  are  vastly  inferior.  Their  daily  dose 
(50  to  150  c.c.)  yields  but  55  to  joo  calories,  including  their  alcohol;  and  this  is  only 
one-thirtieth  to  one-lifth  of  the  minimum  daily  requirement,  even  of  resting  patients 
(1,500  calories,  >'iclded  by  two  quarts  of  milk).  To  increase  their  dose  to  that  required 
to  maintain  nutrition  would  mean  the  ingestion  of  an  amount  of  alcohol  equivalent  to 
alHJut  a  pint  of  whisky  per  day. 

No  liquid  food  should  be  given  consideration  unless  it  contains,  exclusive  of  alcohol 
and  glycerin,  at  least  as  much  food  value  as  milk;  and  at  least  one-fourth  of  this  should 
be  in  the  form  of  nitrogenous  constituents.  Even  these  can  only  be  considered  as 
adjuvant.",  and  vehicles. 

Meat  and  Beef  Juices. — When  prepared  extemporaneously  by  expression  of  fresi 
or  blightly  broiled  meat,  these  contain  from  2.5  to  g  per  cent,  of  coagulable  protei 
and  2  to  4  per  cent,  of  other  proteins  and  nitrogenous  extractives.    They  have  the 
fore  a  moderate  value  as  st)urces  of  nitrogen.     The  commercial  prepanitions  are  sup- 
posed to  be  concentrated;  in  fact,  however,  they  are  very  inferior,  containing  but  o.j  to  .1 
per  cent,  of  coagulable  proteins;  others  arc  reinforced  by  the  addition  of  deAbrinated 
blood,  sugar,  glycerin,  etc.,  which  are  of  doubtful  utility  (Rep.  C.P.C,  J.A.M.A.,  Nov. 
20,  igogl. 

BouUIon  and  Meat  Extracts. — Bouillon  (l>ecf-tea)  is  prepared  by  boiling  meat  nith 
water;  the  cMrdcLs  by  evafKuating  the  solution  to  a  semisolid  consistency.  The  co- 
agulable proteins  are  removed  by  this  process,  the  extract  containing  the  salts  of  the 
meal,  the  flavoring  substances  and  meal  bases  (xanthin  and  creatin  products)  and  a 
certain  amount  of  non-coagulable  protein,  in  the  form  of  gelatin,  albumoses,  etc.  In  the 
small  amounts  in  which  they  are  used,  these  preparations  contiin  a  wry  insignifcanl 
quantity  of  nulrimcni.  They  arc,  however,  valuabU  as  stimulants.  They  owe  their 
action  largely  to  the  odorous  principles  which  they  contain,  and  which  are  excelleat 
stomachics  ^Wolff,  iQiaJ- 

The  potassium  salts  have  also  been  invoked  to  explain  the  action,  it  being  claimed 
that  they  stimulate  the  heart  in  moderate  doses  and  paralyse  it  in  large  doses.  But 
the  dose  required  to  produce  the  former  effect  is  very  much  larger  than  would  be  admin- 
istered in  twef-tea. 

Composition  of  Mrat-fxtrart. — .American  brands  of  thcLiebig-t)pe  (pasty  consistence) 


1 
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gelatin  and  albumose,  16. 


4.6  per  cent.;  inorganic  salts,  J2. 5  per  cent.;  water,  io  percent.^ 
Tropon,  etc.,   they  ore  employed  to  thicken  soups. 


contain,  on  the  average:  flesh-bases,  36.4  per  cent 
cent.;  N-frec  extractives 
(N.N.R    igjo). 

Insoluble  Meat  Powdere.— 
Their  usefulness  is  very  limited. 

Casein  Powders. — Include  nutrose,  N.N.R.  (sodium  caseinate);  and  some  adver- 
tised to  the  pubhc  with  most  extravagant  claims  (Sanatogen,  J.  A.M.  A.,  May  6.  iQii.etc.). 

'Ihey  have  no  serious  advantage  over  ordinary  cottage-cheese. 

Foods  for  Diabetics. —These  are  intended  to  reduce  the  intake  of  sugar-forming 
carbohydrAles.  They  U\\  into  two  groups:  sugars  and  carbohydrates  that  do  not 
j'ield  dextrose;  and  flours  for  diabetics, 

yon-DcxIroir  Sugars. — I-evuhsc  (N.N.R.),  inuiin  and  liutose  arc  sometimes  tolerated 
better  than  other  sugars,     (v.  Noordcn,  iqio;  Cioudbcrg,  1913);  but  the  difference  is 
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usually  qot  important.  In  pancreatic  diabetes  and  phosphorus  glycosuria  ihc  levulose 
[»  deposited  as  glycogen,  whilst  dextrose  is  not  (K,  N'eubauer  1(309).  H.  H.  I^wis  and 
.Frsafccl,  igi4.  conclude  that  inulin  is  quite  useless.     It  is  not  digested,  although  some 

burned  by  the  intestinal  bactena.  None  is  converted  into  utiUzable  carbohydrate, 
even  in  phlnrhizin  animaU. 

RapuiUy  of  Oxidation  of  Sugars. — In  man.  the  respiratory  quotient  shows  that 

|li«harose,  lactose,  levulose  and  lactose  be^n  to  be  oxidized  within  five  or  ten  minutes 

fter  their  ingestion.     With  glucose  and  maltose,  oxidation  begins  only  after  20  or  35 

inates  (Higgins,  iQif>}. 

/mH/. — This  carbohydrate,  CnHs^OH)*  occurs  in  several  plants  and  in  muscle. 

Kulr,  iS74r  found  that  on  feeding,  only  insigni6cant  amounts  appear  in  the  urine; 

*  that  diabetic  glycosuria  is  not  increased.  From  this  he  thought  it  might  serve  as  a 
substitute  in  diabetes.     However,  it  soon  appeared  that  it  is  not  bumcd.     (R.  J. 

idcnon.  1Q16);  the  greater  part  being  eliminated  unchanged  by  feces^ 

However,  Greenwald  and  Weiss,  lyi?,  claim  tliat  it  is  slowly,  but  completely  con- 
verted into  sugar  in  phlorhizin-dialictic  animals  (Greenwald  antf  Weiss.  1917). 

Id  man,  daily  doses  of  0,5  Gm.  per  Kg.  cause  diarrhea  (J..\.M.A.,  IQ16,  67  :  qoo). 

Grafe,  1Q14.  finds  promising  results  with  caramelized  sugar.  It  is  all  absorbed  and 
>mp)ctely  tolerated  even  in  severe  diabetes.  It  does  not  increase  the  blood-sugar, 
the  respiratory  quotient  shows  that  it  is  utilized  in  the  diabetic  as  well  as  oormal 

Uannit  is  also  employed  as  sweetener,  being  assimilated  without  causing  glycosuria; 
above  20  to  30  Gm.  are  laxative.     (For  normal  assimilation  limits  of  various 
Qfbohydrutes,  sec  Macleod.  1Q1.3  and  tgi4;  Jacobson,  igij.) 

Hediofiil,  N.X.R. — An  artificial  sugar,  the  lacion  of  a  glucohepionic  acid;  was  iniro- 

<i«ctd  by  Roscnfcld,  igii,  as  sweetening  agent  and  food,  but  has  failed  to  realize  the 

oripnai  expectation.     When  administered  by  mouth,  25  to  85  [H*r  cent,  is  excreted  un- 

Jwiged  by  the  urine  and  feces.    The  fate  of  the  remainder  has  not  been  established. 

r^c  duse^s    produce   diarrhea   and   other   digestive   disturbances.     Its   excretion    ia 

iinished  in  nephritis,  resulting  in  retention  (Kohahi,   1912;  Kramer,  J913;  I-cnel, 

M4'. 

Flour  for  Diabetics. — These  are  intended  to  form  a  substitute  for  bread,  as  a  vehicle 

T,  etc.     High  food  value  is  not  desirable.     Gluten  flours  should  not  contain 

_    1.0  10  per  cent,  of  carbohydrates.     Many  do  not  comply  with  this  requirement. 

'i^blc  arc  listed  in  N.N.R.     Other  fiours  (in  X.N.R.)  consist  of  soy-bean  meal 

cucin. 

Jtmbul. — The  fruit,  leaf,  or  bark  of  Syzygium  Jambutana,  l!^tem  Asia.     It  contains 
tswntial  oil,  tannin,  and  probably  a  glucosi<l.     (The  constituents  are  discussed  by 
and  Ueyl.  1917-)    It  has  been  recommended  in  diabetes  mellitus  in  doses  oio,s 
>05  Gm.  of  the  fruit  (5  to  8  grains).     Efficiency  doubtful. 


COD  LIVER  Oa 

This  is  employed  as  a  nutrient  "tonic,"  especially  in  rickets,  tuber- 

ilosis  and  other  wasting  diseases.     In  rickets  it  is  used  both  as  a  remedy 

id  for  prophylaxis  (Hess,  1Q17).     It  seems  effective  when  it  is  tolerated. 

ILs  etliciency  is  due  partly  to  its  high  yield  of  calories.     Its  principal 

lue.  however,  is  probably  its  richness  in  growth  vitamin  ("fat-soluble 

A"l  although  this  is  not  unique;  for  butteriat  probably  contains  as  much. 

"Fat-free**  extracts  of  cod  liver  oil,  which  have  been  widely  advertised, 

^otain  neither  the  fat  nor  the  vitamin  (Street,  iqis)  and  are  apparently 

ithout  value. 

The  oil  may  cause  distaste,  eructations  and  diarrhea.    These  are 

"«n  avoided   by  starting   with   small   doses,   gradually   increased.     It 

V  administered  two  hours  after  meals.     Indigestion  and  fever 

ir  ale  its  use. 

Sttpttiofity  over  Other  FatB. — Cod  liver  oil  was  adopted  into  medicine  in  the  early 
^K^dcsof  last  centur>'  from  the  Norwegian  fishermen,  who  prepared  it  by  very  crude 
■•Aod*.  involving  putrefaction.  These  oils,  therefore,  contained  free  fatty  adds 
(Bjcbhnm.  1874),  bUc  constituents  (N'aumann,  1865),  cholesterin,  puirefactivc  alka- 
■oUifftsellin,  morrhuin.  etc.;  Gautier  and  Mour(;e&),  traces  of  iodin  (at)out  as  much  as 
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oysters),  and  other  impurities.  All  of  these  have  been  credited  with  the  effects;  but 
these  substances  are  eliminated  in  the  modern  sanitary  processes,  without  decreasing 
the  usefulness  of  the  oil;  whilst  "oil-free,"  "tasteless"  extracts,  wines,  etc.,  are  useless 
(Rep.  C.P.C,  J.A.M.A.,  Oct.  9,  1009). 

The  easier  emulsification  of  the  oil  is  probably  a  peculiarity  of  its  characteristic 
fats,  which  are  largely  glycerids  of  jecoleic  and  therapic  adds.  Lipanin  was  a  mixture  of 
olive  oil  with  6  per  cent,  of  oleic  add,  based  on  Buchheim's  suggestion  that  free  adds 
aid  emulsihcation.  It  has  not  established  itself  clinically.  The  digestibiUty  of  different 
animal  fats  is  discussed  by  Langworthy  and  Holmes,  1015.  Mottram,  1915,  attributes 
the  superiority  to  the  high  percentage  of  unsaturated  fatty  adds,  which  approaches 
more  closely  Uie  form  in  which  fat  is  supposed  to  be  utilized  in  metabolism. 

Sodium  Morrhuate. — This  has  been  tried  hypodermically,  similarly  to  sodium  gyno- 
cardate,  against  tuberculosis  and  leprosy.  B.  Rogers,  1918,  claims  good  results;  but 
these  would  require  strict  and  extensive  confirmation. 

PREPARATIONS COD   LIVER   OIL 

^  *  Oleum  Morrkua  (01.  Morrh.),  U.S.P.,  B.P.;  Cod  Liver  OU  (01.  Jecoris  AseUi).— 
A  fixed  oil  from  the  fresh  livers  of  Gadus  Morrhua  and  other  species.  Occurs  as  a  pale 
yellow  thin  oil,  having  a  peculiar  fishy,  but  not  rancid  odor,  and  a  bland  fishy  taste. 
It  thickens  on  exposure  to  air.  Dose,  10  c.c,  2>^  drams,  U.S.P.;  4  to  15  c.c,  i  to  4 
drams,  B.P. 

A  •  Emtdsum  Olei  Morrhua  (Emul.  01.  Morrh.),  U.S.P. — A  50  per  cent,  emulsion, 
made  with  acada,  sweetened  with  syrup  and  flavored  with  wintergreen.  Dose,  15  c.c, 
4  drams,  U.S.P. 

VITAMINS 

Importance  of  Special  Food-factors. — It  has  long  been  recognized  that  the 
diet  must  not  only  represent  a  certain  amount  of  calories,  but  that  it 
must  include  certain  foodstuffs.  The  special  importance  of  proteins 
was  naturally  the  first  to  be  recognized.  It  also  became  known  quite 
early  that  one-sided  diets  are  likely  to  result  in  general  malnutrition,  and 
in  special  diseases,  such  as  scurvy.  The  general  advance  of  knowledge 
has  shown  that  the  subject  of  special  food  factors  has  a  wider  application 
than  was  formerly  suspected;  and  it  has  also  thrown  considerable  light 
on  the  nature  of  the  factors  that  are  concerned. 

So  far,  two  distinct  types  of  deficiency  factors  may  be  recognized, 
viz.: 

(i)  Deficiency  in  constifuenTTttiat  are  used  directly  as  food,  notably 
the  various  amino-acids. 

(2)  Deficiency  of  substances  that  are  needed  only  in  minute  quantities, 
and  which  therefore  presumably  do  not  act  as  foods  directly. 

Dejkuruy  of  Amino-actds. — Osborne  and  Mendel,  1912  el  seq.,  found  that  the 
animal  organism  is  apparently  unable  to  synthesize  certain  amino-adds  that  are 
essential  to  the  animal  proteins,  and  that  these  must  therefor  be  supplied  in  the  fpod. 
For  instance  animals  placed  on  diets  that  do  not  contain  the  lysin  or  tryptophan  groups 
cease  to  grow.  When  foodstuffs  containing  these  are  added  to  the  food,  growth  may  be 
resumed. 

This  phase  of  food -deficiency  probably  does  not  occur  easily  under  the  practical 
conditions  of  civilized  life. 

Vitamins. — ^The  existence  and  importance  of  these  was  definitely 
established  by  the  observation  that  the  oriental  disease  **beri-beri"  is 
caused  by  an  exclusive  diet  of  polished  rice;  that  an  analogous  condition 
of  polyneuritis  can  be  produced  in  pigeons  and  fowls  after  about  3  weeks 
of  a  similar  diet;  and  that  this  can  be  relieved  at  once  by  the  administra- 
tion of  extracts  of  rice-hulls,  yeast,  etc.  (Eykmann,  1897).  The  cure 
requires  only  very  small  quantities  of  the  active  substances,  which  were 
Bamed  vitamins  by  Casimir  Funk  (1911  to  1913).    An  extensive  bibliog- 
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raphy  is  given  by  A.  Bruce  Macallum,  1919;  Trans.  Royal  Canad.  Insl., 
page  175). 

Other  Diseases  Probably  ReferabU  to  Ditlary  Deficiencies. — These  include 
:un'y  and  infantile  scurvy;  and  possibly  pellagra,  rickets,  and  tetany. 

Specific  Growth  Substances. — Rats  kept  on  artificial  diets  that  contain 
all  the  essential  amino  acids  and  encrg\'  units,  nevertheless  soon  cease  to 
grow,  unless  substances  are  added  that  contain  small  quantities  of  some 
ingredients,  that  may  be  isolated  in  more  or  less  purified  form  (Os- 

leand  Mendel,  1913  and  1914;  McCoUum  and  Davis,  1913,  Mendel, 

1915)- 

There  are  two  groups  of  these  substances,  one  being  fat-soluble  (A) 
id  the  other  water-soluble  (B).  McCollum,  1917.  believes  that  there  are 
ily  these  two  substances  (A  and  B)  concerned  in  the  dietary  protection. 

le  investigators  assume  a  larger  number  of  specific  "vitamins." 

Imforl^n<t  in  Diet. — Vitamins  in  general  arc  present  in  most  natural  food,  both 
animafaDd  vegetable;  particularly  in  glandular  organs  and  products,  including  milk 
tM  ei;g5.  and  in  green  vegetables  (spinach,  cabbage,  lettuce)  and  in  the  embr)'o  and 
biDs  of  cereals.     They  may  also  be  prepared  from  )'east. 

They  are  relatively  deficient  in  meats,  potatoes,  flour,  most  oils  and  sugar  products 

"  )rac  and  Mendel,  igiS). 

Vuhanism  of  Action. — This  is  practically  unknown.  Vitamin  deBdency  is  always 
ited  with  loss  of  api>ctitc;  and  the  "cure"  or  resumption  of  growth  on  vitamm 
FxlaiinHtration  is  accompanied  by  increase  of  appetite.  The  increased  food-consump- 
tioQ  is  undoubtedly  an  essential  factor  in  the  growth  but  it  is  not  known  whether  it  is 
Dotlya  result  of  the  growth  needs. 

Uacallum  (.\.  B.^  believes  that  the  action  is  directly  on  tissue  metabolism;  and  on 
wwbole  this  seems  the  most  probable  \'iew;  because  Mimetiraes  changes  of  growth  may 
«aw  without  change  in  food-consumption, 

McCarrison,  1919  (Brit.  Med.  H.  t  :  177)  believes  that  deficiency  of  polyneuritic 
"■iiamin  causes  "nuclear  starvation"  of  all  cells,  and  that  the  neuritis  is  merely 
"witlcnial. 

InUsiinal  Change. — McCarrison  also  found,  in  pigeons  and  guinea  pigs  suffering  from 
eiperimcntal  vitamin  deficiencies,  that  the  inte-ilincs  showed  marked  changes,  i.e., 
*^^y  of  the  coals,  lesions  of  the  neuromuscular  system,  and  impaired  digestion  and 
Wwirfition.  There  is  commonly  persistent  constipation,  and  the  administration  of  the 
«TUmins  is  usually  followed  by  diarrhea.  The  rice-hull  extract  stimulates  the  contrac- 
lioMevcn  in  excised  intestine. 

These  obscr>'ations  suggest  that  a  direct  action  of  the  vitamin  may  possibly  he  that 
pi  ftRulaling  the  peristalsis,  and  thus  the  intestinal  bacteria;  and  tnat  this  may  at 
iciit  have  ii  part  in  the  result, 

Pof^jvntpathdif  Stimulation. — Ulilmann,  1918,  claims  that  antineuritic  vitamin  when 
'ojecterj  miravenoualy,  produces  a  t>'pical  pilocarpin  action,  i.e.,  stimulation  of  the 
P»>t>inpithctic  junction  in  glands  and  un>>triped  mus4.'lc;  the  stimulation  being 
^tiovable  by  atropin.     He  attributes  the  dietary  effect  to  stimulation  of  the  digestive 

SKTdtn-e^ect. — Voegtiin  and  Myers  find  that  intravenous  injection  of  ycast- 
^tnct  incrFa.ses  ihc  flow  of  pancreatic  juice  and  of  bile.  They  also  find  that  secretin 
foicves  experimental  polyneuritis.  There  is  a  similarity  in  the  chemical  and  physical 
Properties  of  the  two  substances;  but  as  they  have  not  been  isolated,  their  ideality  can 
»ot  be  affirmed. 

Sm«r  Mciaholism. — Pigeons  on  a  vitamin-free  diet  develop  hyperglycemia  and 
wetoc  of  liver  glycogen.     These  are  restored  to  normal  by  treatment  (quoted  from 

*^"  Substance f  Fat  SolMe  or  Growth  Vitamin, — ^This  is  concerned 

in  growth,  its  deficiency  causing  suspended  growth;  or  in  advanced 
&  type  of  xerophthalmia.     These  are  curable  by  the  administrution 
ic substance  (McCollum,  1918). 

^ccurrrwr. — It  is  most  abundant  in  the  intracellular  fat  of  glandular  organs,  and 
*™w  in  butur  fat,  beet  fat,  egg-yolfc,  and  cod-liver  oil;  whilst  it  is  absent  from 
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lard,  or  olive  or  almond  oils.  It  is  also  mdely  distributed  in  plants,  espcciallj*  the 
leaves  (McCollum,  Simmonds  and  Pitz,  iqi6).  The  ether  extract  of  dried  spinach  or 
clover  evaporated  on  starch,  is  a  vcrj'  effective  growth  substance  (Osborne  ana  Mendel, 

Properties. — The  "A"  substance  is  soluble  in  oil  and  fat-sot  vent,  and  also  fairiyH 
soluble  in  water. 

The  Krowth  promoting  action  of  butter  fat  is  not  due  to  contamination  with  nitrofjen 
i»r  phosphorus  compounds  (Osborne  and  Wakcman,  1915).     It  is  confined  to  the  portion  ^ 
of  the  fat  with  low  melting  point;  is  not  destroyed  by  steam  (Osborne  and  Mendel,  1915)  fl 
and  as  it  exists  in  butter,  is  ver>'  stable  under  ordinary*  conditions  of  storage  (Mendel  and  S 
Osborne,  1916).    In  the  more  concentrated  butter  oil,  it  deteriorates  almost  completely 
within  a  vcar  (Osborne  and  Mendel,  1916). 

Macallum,  by  similar  experiments,  arrived  at  diflerent  conclusions  as  to  the  fat-^ 
xHtamin:  H 

He  found  that  butter  fat  purified  according  to  Osborne  and  Mendel  still  contains^ 
of  N.  components. 

He  also  claims  that  the  growth-vitamin  of  butter  fat  is  unable  alone  to  bring  about 
normal  growth  increment  in  young  animals.  In  short  experiments  it  is  not  superior 
to  lard  and  only  quantitatively  superior  in  long  experiments. 

XeroffUhalmui. — This  occurs  in  rats  and  also  in  rabbits,  along  with  the  lo.ss  of  body 
weight  (V.  E.  Nelson  and  Lamb.  1920).  It  is  probably  due  to  infection  of  the  eye, 
consequent  on  lowered  resistance  from  malnutrition  (Mallanby  and  Fox,  ^919). 


*'5"  SubstancCy  Water  Soluble  or  Antincuritic  Vilamins. — Deficiency 
of  this  results  in  beri-beri  in  human  subjects^  and  in  experimental  poly- 
neuritis in  birds.  The  vitamin  also  promotes  growth  (Funk  and  Macallum. 
1911). 
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Relation  oj  ArUineuritu  and  "fl"  growth-vitamin. — Although  these  occur  together 
they  do  not  appear  to  be  identical.  Excessive  heat  destro>*s  the  antineuritic  value 
of  whole  rice  for  fowls;  but  docs  not  destroy  the  growth  factor  for  rats  (Kmmet,  A.  D. 
and  Luros,  1919).  Conversely,  yeast- fuller 'a  earth  adsorbatc  (L.  Seidell)  contains  the 
antincuritic.  but  not  the  growth  properties  (Emmet  and  McKim,  191 7). 

Beri-heri  in  Mammah- — ^Tj'pical  hcri-bcri  polyneuritis  has  been  produced  in  cats  and 
dogs  by  an  exclusive  diet  of  lean  meat,  heated  for  3  hours  at  t20°C.  with  sodium  carbon- 
ate solution.  Different  animals  required  different  periods  to  develop  the  disease.  The 
pathology  and  the  response  to  treatment  arc  the  same  as  for  beri-beri  (Voegtlin  and 
Lake,  iqig). 

Orcurretue. — The  "B"  substance  is  also  of  wide  occurrence  in  animals  and  especially 
vegetable  food,  particularly  in  green  vegetables  (McCollum  ci  al,  1916).  It  is  present 
in  milk,  eggs,  Uver  and  pancreas,  but  deficient  in  meat  (muscle);  (Osborne  and  Mendel, 
1917). 

Traces  have  been  isolated  from  ox-bilc  and  from  human  urine  (Muckenfuss,  19191. 

Fruit  and  fruit-juices  protect  acainst  B-deficicncy  although  rather  large  quantities 
must  be  taken  (Osborne  and  Mendel). 

Yeast  as  Sourfc  of  Viiamin. — Sec  next  section,  ' 

CtvmUal  Sinulure  0/  Antineuritic  Vitamins. — Funk,  igi  1  and  1912.  succeeded  in 
isolating  from  defatted  rice-hulls  a  cr>'9talline  substance,  of  which  4  mg.  effect  the  cure 
of  a  polyneuritic  bind.  (The  process  of  isolation  is  described  in  Macallum.)  Similar 
!*ubstances  have  been  isolated  from  yeast  and  from  ox-brain.  The  chemical  structure, 
however,  is  still  unknown.  It  is  not  an  umino-acid.  It  is  probably  a  rather  simple 
derivative,  perhaps  of  p>Timidin,  puridin  or  purin.  R.  R.  Williams.  1917,  considc 
that  the  bctain-ring  is  essential,  bctain  itself  being  weakly  protective.  The  an 
neuritic  vitamin  prepared  from  egg-yolk  is  not  adenin  (Slcenbock,  1917)  and  adenin 
not  anti-neuritic  (Voegtlin  and  White,  191(1). 

Solubiiiiy  Cfiaraclers  of  Antittfuriik  Vitamin. — This  is  water-soluble  and  dialyzabte 
(Eykman,  1S97).  Eraser  and  Stanton,  iooq  and  191 1  showed  that  it  is  soluble  in 
alcohol.  When  extracted  from  various  sources  by  alcohol,  it  becomes  soluble  in  organic 
solvents  especially  benzol  (McCollum  and  Simmonds,  1918).  This  may  have  led  to 
confusion  with  the  "A"  substance. 

Resistance  to  Reat^ents. — The  vitamin  is  highly  resistant  toward  acids,  remaining 
unaltered  on  boiling  for  34  hours  with  20  per  cent,  mineral  acids  (Funk  and  Cooper, 
1911).  /Ukaties  do  not  destroy  it  at  room  temperature;  but  they  sometimes  destroy  it 
during  its  isolation. 
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Bc4i  SiabiiUy  of  B.  Vilamins.—li  tolerates  healing  to  ioo'*C.  for  several  hours,  in 
Dcutial  or  acid  Ktfution,  and  Uicrefore  persists  in  canned  vegetables.  However,  it  ia 
quickly  destroyed  in  neutral  solution  at  i2o"C.,  and  in  alkaline  solutions  also  at  lower 
temperatures  (Chick  and  Hume,  1917),  Proc.  Roy.  Soc.  90  B  :6o:  McCoUum.  1018. 
Am.J.Publ-  Health,  8  :  igi). 

U  remainB  active  when  yeast  is  autolyjted  at  jis^'C.  for  24  hours  (Cooper,  1914}. 

YEAST  (FAEX  MEDICINALIS) 

»tfj/  as  Source  of  Vilamins. — Ordinary  baking  or  brewer's  yeast  contains  con- 
iMfnblc  water  soluble  vitamin  (McCoUum  et  al,  1916)  simihir  to  and  perhaps  identical 
wtthth*t  of  rice  hulls.  Fresh  or  autolyzed  ytist  is  much  more  effective  than  dried 
yeiit. 

The  active  principle  adheres  to  fuller's  earth,  and  can  be  concentrated  by  treatins 
iutoI)'Kd  yeast  with  this  absorbent.  Its  extraction  from  yeast  is  further  described 
by  T.  B.  Osborne  and  Wakeman,  igiq.  Yeast  has  given  good  results  clinically  in 
hurua  beriberi,  although  it  is  not  as  active  as  extracts  of  rice-hulls  (Salucby  1919), 
It  las  been  used  with  good  results  against  experimental  rice  polyneuritis;  but  it  has  no 
dtal  on  infantile  scurvy  (Hess,  igi6).  It  was  also  tried  against  other  forms  of  mal- 
nutrition,  but  with  doubtful  results;  for  American  and  European  dietaries  do  not  seem 
lube  deficient  in  xntamtn  B. 

Yejut  itr  yUrogenous  Food. — Yeast  has  been  proposed  as  a  nitrogenous  food;  but  its 
piotein  \Tilue  is  not  high,  a  large  part  escaping  by  the  feces.  Its  nigh  purin  content 
tcads  to  raise  the  uric  acid  of  the  blood  (Funk,  Lyle  and  McCaskcy,  igio.i. 

Dr^ntraii^n  of  TestUics. — Caution  should  be  obser\'cd  in  administering  yeast 
cnmirmnHsU-  tor  Osborne  and  Mendel,  1Q19,  observed  that  the  testes  of  rats  on  a  yeast 
L  L  often  undergo  degeneration,  with  consec^uent  sterility. 

—Yeast  has  been  recommended  as  a  bactericide,  etc.,  against  furunculosis 

mouili  and  locallj*');  in  gastroenteritis  (1  to  3  gra.  p.  day);  tonsillitis  (10  to  30  gm.  p. 

f);  gonorrheal  vaginitis  (Abraham,  igio);  inskindiseases.  bums,  etc,    Moreexlendcd 
"  los  arc  needed  to  establish  its  value.     Tsuru,  iqoq,  maintains  that  the  bacteri- 
:ts  depend  upon  the  products  of  fermentation,  acids,  alcohol,  etc      Abraham, 
fjects  this  expbnation. 

Lax^m  Action.— The  ordinary  doses  of  fresh  or  boiled  yeast  are  somewhat  laxa- 
tjw.    This  may  partly  explain  their  other  effects. 

NUCLEOPROTEINS,  NUCLEINS,  AND  NUCLEIC  ACIDS 

Chemistry. — These  terms  are  often  applied  so  loosely  and  incorrectly  to  the  commer- 

ciilpnoducls.  that  it  may  not  be  amiss  to  review  briefly  their   meaning.     Ntuleoprotans 

— Toich  occur  mainly  in  nuclear  material — arc  natural  compounds  of  nucleic  acids  and 

protaas.    By  peptic  digestion  or  dilute  acids,  a  fraction  of  the  protein  may  be  split  off, 

rtstlting  in  modified  nucleo -proteins,  correspondingly  richer  in  nucleic  acid.      These 

m  tenned  ntuUins.     They  contain  about  5  per  cent,  of  organic    phosphorus.     The 

rcnuxuler  of  the  protein  component  can  be  removed  by  tryptic  digestion  or  alkalies, 

rifHini^  the  true  niicUii  acids.     These  are  definite  chemic  substances,  their  composition 

■  iccording  to  the  tissues  from  which  they  have  been  obtained  (as  docs  also  the 

nnstituent;  so  that  tlic  different  products  are  not  identical).     Their  composition 

C«  Hn  Nu  Om  Pi;  the  atomic  ratio  of  V  :  N'  l>'ing  between  4  :  14  to 

■tU  nuckif  lurids  are  often  contaminated  with  more  or  less  nuclein,  as  may 

.vn  by  the  biuret  or  Millon's  reactions.     They  are  usually  prepared  from 

■  ■  from  thymus,  pancreas,  spleen,  the  sperm  of  certain  fishes,  and  the  em- 

Nucleins  and  nucleic  acids  have  fairly  strongly  acid  characters.     They 

*rt  Liviitibie  in  water,  but  form  soluble  salts  with  dilute  alkalies. 

Actions  and  Uses. — On  h>'podermic  injection,  they  increase  the  number  of  all 

■^  of  arcuating  leucocytes;  and  it  is  claimed  that  they  also  raise  the  opsonic  index. 

■jtr*.  the  injection  produces  a  primary  leucopenia  followed  in  34  hours  by  a 

i^,  often  to  double;  the  changes  invoKnng  mainly  the  polymorphous  cells 

',h,  iQi7>. 

the  Icucocytosis.  they  have  been  used  in  tuberculosis  and  other  infectious 
ntemcsse.  1907),  but  their  value  is  very  doubtful.  The  Icucocytosis  is 
.;  (Hon,  requires  increasing  doses,  and  causes  other  disturbances  {Ncymaan, 

F»voniblc  results  have  even  been  reported  for  oral  administration.    The  absurdity 

tW  cbiros  may  be  appreciated  from  the  fact  that  roo  gm.  of  ordinary  moist  meat 

iboul  0.03  gm.  of  phosphorus  (Kossel,  1882)  corresponding  to  o..;  gm.  of  pure 
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nucleic  add;  the  same  quantity  of  moist  liver,  spleen,  or  pancreas  correqwnds  to  alx>ut 
a  gm.  of  the  pure  add;  whilst  the  oral  dose  of  the  impure  nudeins  h  stated  at  only  0.06 
to  0.3  gm.  (Bibliography,  Merck's  Rep.,  19x4,  27  :  x). 

Fate. — Nudeic  add  passes  the  stomach  unchanged.  It  is  partly  split  in  the  intes- 
tines, with  the  Uberation  of  phosphoric  acid,  but  not  of  purins.  A  further  part  is 
presumably  split  during  absorption  (bibliography,  Forbes  and  Keith,  1914). 

The  nudems  are  excreted  as  purin  bases  and  uric  acid;  so  that  they  are  contrain- 
dicated  in  gouty  and  rheumatic  conditions,  etc.  The  phosphate  elinunation  is  also 
increased. 

RECTAL    FEEDING 

This  would  be  desirable  when  food  by  mouth  is  inadmissible.  Its 
practical  possibilities  are,  however,  Hmited  mainly  to  dextrose  and  water. 
It  therefore  suffices  only  for  short  periods,  depending  on  the  previous 
condition  of  the  patient,  especially  the  adipose  tissue. 

The  rectum  and  large  intestine  have  practically  no  digestive  power, 
except  to  a  limited  extent  for  carbohydrates.  Water,  dextrose  and 
sodium  chlorid  are  absorbed  effectively  from  nutrient  enemas.  Dextrin 
is  easily  digested  and  then  absorbed.  Amino-acids  are  absorbable,  but 
proteins  are  not;  not  even  peptones  unless  they  are  first  broken  down  by 
bacterial  putrefaction.  Fats  are  practically  unabsorbed  (a  good  discus- 
sion of  the  subject  is  given  by  van  Noorden,  1920). 

Waier. — ^Its  absorption  is  a  normal  function  of  the  colon,  for  this  resorbs  H  to  ^  of 
the  water  of  the  colon-contents.  The  entire  water-needs  of  the  organism  can  be 
supplied  by  this  channel;  provided  that  the  injections  do  not  contain  irritant  substances, 
ana  are  not  too  strongly  anisotonic. 

SaUs. — Many  are  al»orbed  perfectly,  tnduding  NaCi.  The  colon  expels  hypo  and 
especially  hypertonic  solutions.  0.8  to  0.9  per  cent.  NaCl  is  osmotically  intunerent, 
but  may  cause  thirst.    0.6  to  0.75  per  cent,  is  the  best  concentration. 

Alcohol. — This  is  readily  absorbed.  3  per  cent,  solutions  are  non-irritant;  higher 
concentrations  may  be  expelled. 

Carbohydrates. — The  most  useful  are  dextrose  (Bergmark,  1915)  and  dextrin,  which 
are  both  absorbed. 

Dextrose. — May  be  used  as  6  to  7  per  cent,  for  single  injection,  or  5  per  cent,  for 
continuous  irrigation.  If  salt  is  added,  the  dextrose  must  be  reduced  (for  instance 
2.2  per  cent,  of  dextrose  and  0.45  per  cent.  NaCl). 

Dextrin. — This  is  non-irritant  in  any  concentrations,  and  is  easily  digested.  It  may 
t>e  used  as  xo  to  15  per  cent,  for  continuous  irrigation;  or  20  to  25  per  cent,  for  single 
enemas.  This  higher  concentradon  makes  it  possible  to  introduce  more  calories  than 
with  dextrose. 

Levulose  and  Maltose. — Exdte  peristalsis.  Lactose  is  not  easily  absorbed,  and 
Galactose  is  poorly  utilized.  Saccharose  is  absorbed  poorly.  Starchy  boiled  or  raw,  is 
non-ixritant,  and  is  somewhat  digested,  but  only  in  limited  quantity. 

Proteins. — These  must  be  broken  down  to  amino-acids  and  polypeptids  before  they 
can  be  utilized.  The  colon  readily  absorbs  these  deavage  products;  but  its  peptolytic 
power  is  in^gnificant.  However,  bacterial  putrefactive  processes  are  active,  and 
through  them  a  fair  amount  of  protein  becomes  absorbable.  One  of  the  most  accessible 
sources  is  Witters  peptone.  This  ma^  be  given  as  15  to  20  per  cent,  in  single  enemas,  or 
5  to  10  per  cent,  for  continuous  urigation.  About  75  per  cent,  of  its  nitrogen  is 
absorbed. 

Amino-add  mixtures  (erepton,  etc.),  would  theoretically  be  preferable,  but  have  no 
apparent  advantage. 

Absorbable  protein  cleavage  products  can  also  be  secured  by  pancreatin-digestion 
of  milk  carried  on  for  24  hours  (Reach,  1901).  This  may  be  used  as  the  vehide  for  the 
dextrose  (Bywaters  and  Short,  19x3).  Practically  no  protein  is  absorbed  from  milk  or 
eggs,  unless  they  are  predigested  to  the  amino-acid  state  (Bergmark,  1915;  Adler,  1915). 

The  value  of  the  proteins  to  an  enema-nourished  patient  requires  investigation. 
They  increase  the  energy  metabolism  to  such  a  degree  that  their  calorific  value  is 
probably  negative. 

Fats. — Only  small  quantities  are  absorbable  from  the  colon;  (Makashima,  19x4; 
Omstein,  19x8);  at  most  10  grains  per  day.    Ordinary  oils,  for  instance  olive  oil,  are 
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>rbable;  milk  and  cream  are  somewhat  better.  Egg-yolk  Is  absorbed  most 
efficiently  but  is  liable  to  putrefaction. 

TecknU  of  Sulriftit  Enemas. — These  may  be  given  as  "single  enemas,"  or  as  "con- 
tinuous drop  ctieroas." 

Single  Encmai. — Two  of  these  should  be  administered  daily,  each  of  300  c.c.  They 
are  wanned  and  injected  \'cry  slowly  through  a  funnel  and  soft  rectal  tube,  inserted 
about  3  inches.  The  patient  remains  recumbent  for  at  least  3  hours,  and  the  anus  may 
be  compressed  with  a  warm  towel  for  10  minutes.  Tr,  opii,  M  c.c,  may  be  added  to 
the  iniection  or  better  be  injected  20  or  30  minutes  in  advance.  Small  enemas  are 
carried  by  antipcristalsis  to  the  cecum,  but  not  into  the  ileum;  with  larger  injections, 
some  of  the  materia!  passes  into  the  small  intestine  (Cannon). 

With  nutrient  enemas  containing  albumen,  peptone  or  fat,  two  cleansing  enemas 
should  be  given  daily;  if  only  carbohydrate  and  albumen  are  used,  one  cleansing  enema 
suffices. 

Caniinuous  Drop-irrigation  is  PreferabU. — -The  usual  daily  dosage  is  i.joo  to  1,500 
ex.  and  not  over  2  liters. 

Nitrogenous  and  carbohydrate  injections  arc  best  given  separately. 

PARENTERAL  AlIMENTATION 

Subcutaneous  Feeding. — The  h>'podcraiic  injection  of  nutrient  solutions  has  been 
tried  with  Limited  success.  Dextrose  has  given  the  most  promising  results.  Even 
Write  doses  are  well  utilized  and  have  no  detrimental  effects  on  nitrogen  metabolism 
(Underbill  and  Closson,  1906;  Berendcs,  igri);  but  are  capable  of  diminishing  acc- 
tonuria  (Bcrgnuirk,  igiO.  Only  a  small  proportion  is  excreted  into  the  alimentary 
IfKt  (Kleiner,  iqm).  A  5  per  cent,  solution  may  be  given  under  the  skin,  or  10  per 
cent,  intravenously,  up  to  1,000  c.c.  per  day  (Kausch,  191 1). 

Saifharosc  is  partly  utilized  (Mendel  and  Mitchell,  1905;  about  one-third,  Japelli 
And  d'Errico) ;  but  mainly  excreted  unchanged  (Mendel  and  Kleiner,  1910;  Heifner, 
iQii)<  It  is  not  available  for  feeding  (Mendel.  1914).  Roehmann,  1915,  claims 
tW  the  blood,  after  intravenous  saccharose  injections,  sometimes  develops  ferments 
llttt  invert  it  to  dextrose  and  Icvulose,  and  even  convert  these  into  lactose.  Abder- 
laldcn  and  Brohm  suggest  that  the  utilization  may  be  explained  by  partial  excretion 
into  tbc  alimentary  canal,  where  it  is  converted,  and  rcaljsorbed  in  usable  form. 

Run>'ama,  191 7,  with  rapid  intravenous  injection  of  sucrose  into  dogs,  found  about 
>o  lo  30  per  cent,  destroyed.  The  remainder  is  rapidly  eliminated  by  the  kidneys,  and 
«  minute  amount  also  by  the  liver  and  intestinal  mucosa.  Lactose,  dextrin  and  gly- 
<oi^n  are  also  not  available.  In  normal  animals,  lactose  injected  into  the  blood  disap- 
p*«i^rftpidlv  into  the  tissues  and  unne;  after  nephritis  or  m  ncphrcctomized  ajumals^ 
lib  retained  in  the  blood  (O.  Schwarz  and  Pulay,  1915). 

^  Orf  can  be  utilized  h>'podermically;  10  to  100  Gm.  per  day  of  olive  oil  being  slowly 
injected  with  the  same  technic  as  is  used  for  the  injection  of  antitoxic  serums.  The 
•Iftorption,  however,  is  so  slow  that  these  injections  are  almost  worthless  (Winternilz, 
*90i;  Henderson  and  Crofutt,  1905). 

intravenous  Alimentation. — Dextrose  has  been  use<)  in  this  manner  clinically,  for 
UtiLm.,.  .n  oMcumonia  {250  c.c.  of  8  per  cent.,  a  or  3  times  daily). 

(ve  been  successfully  nourished  exclusively  by  intravenotis  injections  of  a 
^  te  in -cleavage  products,  de-rtrosc,  sodium  acetate  and  salts  (Hendriquez 

!.  191 0-     Serum  protein  is  well  utilized  (Austin  and  Eisenbrcy,  1912), 
*  .  r^  (anaphylaxis,  etc.)  preclude  its  clinical  use  as  nutrient. 

Ul  iatroduced  in  emulsion  intravenously  is  also  burned  (Murlin  and  Riche,  1915). 
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dtion  of  Emollients  and  Demulcents. — These  are  drugs  which 
^^leii,  ■'  rdax,"  protect,  and  "soothe"  the  parts  to  which  they  are  applied; 
Ui  other  words,  drugs  svbiy^  ]^^^rn  irrimtinn  The  term  tmollicnl  is 
wstricted  more  to  those  used  on  the  skin,  demulcent  to  those  applied  to 
n>ucous  membranes.  No  very  sharp  distinction  can  be  drawn  between 
*)•<*€,  and  manv  belong  to  both  classes;  but,  as  a  rule,  the  fats  are  used  as 
^tooHients,  the  gums  as  demulcents. 
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These  substances  lessen  the  action  of  chemic,  mechanical  or  bacterial 
irritants;  diminishing  pain,  reflexes,  catarrh,  and  other  manifestations 
of  irritation.  They  also  delay  and  diminish  ab)5iorption,  particularly 
from  the  stomach,  but  also  from  the  intestine,  subcutaneous  tissue,  etc. 
In  this  way  they  diminish  the  systemic  effects  of  absorbable  p>oisons,  whils^H 
they  prolong  their  local  actions.  ^M 

Mechanism  of  Action. — Colloids  and  fats  are  practically  indifferent 
and  inabsurbable  for  cells,  so  that  they  do  not  produce  any  direct  effects 
on  them;  but  through  their  adhesive  character,  they  form  an  extra  cover- 
ing to  the  surfaces  to  which  they  arc  applied,  and  thus  hinder  the  access 
of  irritant  agents.  Their  action  consists,  therefore,  in  mechanical  pro- 
tection, and  is  strictly  local.  Fine  insoluble  adhesive  powders  (talcum^^ 
bismuth)  act  similarly.  ^M 

Explanation. — The  oiU  prevent  the  penetration  of  water-soluble  sub^^tance*;.  the 
gums  that  of  fats  and  resins.     Gums  also  lessen  the  edecls  of  crystalloids,  although  they 
do  not  impede  their  diffusion.     They  produce  this  effect  by  increasing  the  viscidit]i]^| 
of  the  solution,  thereby  interfering  with  its  transportatic^n  (von  Tappciner.  iqo2>.^^| 
Adsorption  probably  also  plays  a  part,  (or  dissolved  subst&nccs  are  condensed  on  the 
surfaces  of  fine  powders  and  thus  removed  from  tiie  solution. 

One  sees  a  f>caiuiful  illustration  of  these  facts  in  the  natural  lubricant*^  of  bo<ly- 
covcrings.     Whilst  th<?  skin  is  nnrmally  covered  with  a  thin  layer  of  craollienl    oi 
the  membranes  of  the  interior  of  the  body  are  moistened  with  mucus,  which  is  a  typii 
gummy  demulcent. 


Emollient  Drugs. — These  comprise  the  true  fats  and  oils  (glyceri 
of  fatty  acids),  woolfat,  petrolatum,  and  glycerin.  They  are  employed 
mainly  on  external  surfaces,  to  soften  and  protect  the  skin,  ulcers,  burns, 
and  other  superficial  wounds;  as  vehicles  (salves)  for  the  application  of 
medicaments  to  the  skin  or,  more  rarely,  for  systemic  eflects  (mercurial 
inunctions).  Internally,  the  true  fats  serve  as  nutrients.  Larger  amounts 
than  can  be  digested  stimulate  peristalsis  and  act  as  intestinal  lubricants 
and  laxatives.  For  external  use,  the  liquid  or  semifluid  fats  (oils,  lard, 
woolfat,  glycerin)  should  be  chosen  if  a  deep  effect  is  desired  for  softening 
the  skin  or  for  inunction.  The  effects  of  petrolatum  and  of  the  harder 
*' cerates"  and  piasters  arc  more  superficial  and  prolonged. 

Penetration  of  the  Skin. — Oils  penetrate  the  epidermis  much  more 
readily  than  water>'  solutions.  Rubbed  into  the  skin,  they  enter  the 
sebaceous  glands  and  eventually  can  be  demonstrated  microscopically 
in  the  lymph  channels.  True  fats  are  gradually  oxidized  and  disappear; 
but  the  mineral  fats  remain  for  a  long  time  in  the  subcutaneous  tissue,  and 
thus  produce  chronic  irritation  and  fibrosi>.  The  animal  and  vegetable 
fats  therefore  dcser\'c  preference  when  penetration  is  desired  (Sobieranski; 
Juckuff;  Meyer;  see  "Ointments"  in  Index). 

Protection   of  the  Skin.^Thc  emollients  and  glycerin  soften   th 
stratum  comeum.  and  render  the  skin  more  pliable  and  resistant  to  injuri- 
ous agencies.     They  reinforce  in  this  manner  the  natural  fat  of  the  skin 
and  prevent  roughness  and  "cracks"  from  wind,  cold  weather,  sunburn, 
skin  diseases,  etc. 

Fati  on  Penetration. — Fats  and  oils  protect  the  skin  against  the  penetration  of  fat- 
soluble  trrilant^,  such  as  phenol,  mustard  oil.  or  *' mustard  gas"  (Sollmann,  1^8,  IQ19). 

Rancidity. — Fats  turn  "rancid"  on  keeping,  especially  if  they  are  ea^ 
posed  to  air,  light,  and  heat,  and  if  they  contain  protein  impurities.  The 
change  consists  in  oxidation  with  the  development  of  free  volatile  fatty 
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adds.  Rancid  fats  are  disagreeable  and  irritaiing,  and  therefore  unfit 
for  nnedicinal  use.  Lanolin  and  the  peLroleum  products  are  free  from  this 
objection. 

OLIVE  OIL  AND  OTHER  BLAND  FATTY  OILS  (OLEA  PINGUA) 

Dses. — The  exi>ressed  oils  of  olive,  cottonseed,  almond,  sesame,  etc., 
are  essentiaUy  similar.  For  internal  use,  olive  oil  is  preferred  because  of 
its  more  agreeable  flavor.  These  oils  are  employed  externally  to  -soften 
the  skin  and  crusts  in  eczema  and  psoriasis;  as  dressing  for  bums;  as 
vehicles  for  liniments,  etc.;  and  by  rectal  injection,  to  soften  fecal  concre- 
tioa'=.  ( 1  so  to  500  c.c,  5  to  20  ounces,  of  the  cheaper  cottonseed  oil,  warmed. 
Hertz  claims  that  oil  is  less  eflfective  than  water  for  thLs  purpose).  In- 
ternally, olive  oil  i-^  used  as  nutrient,  laxative,  and  in  hj-perchlorhydria 
(15  to  50  cc,  ^2  to  2  ounces  before  meab).  Kennedy  and  others  have 
claimed  beneficial  results  in  biliary  colic,  using  large  doses  (150  to  500  c.c. 
in  four  to  eight  portions  within  three  hours).  Its  effects,  if  any,  have  not 
been  explained;  it  does  not  increase  the  flow  of  bile,  and  the  concretions 
iound  in  the  feces  when  olive  oil  and  epsom  salt  are  given,  are  not  gall- 
stones, but  simply  soap  fmagnesium  oleate). 

These  oils  are  insoluble  in  water  or  glycerin,  very  sparingly  in  alcohol, 
freely  in  chloroform,  ether,  volatile  oils,  or  fats. 
Fats  are  useful  antidotes  in  corrosive  poisoning. 

Influence  oo  Digestion. — Neutral  fats  allay  gastric  peristalsis,  diminish  gastric 
I'.n  and  aciditj'  fPawlow;  Cowic  and  Mun.son,  190S;  Chiari,  1915),  and  Ies.«cn 
vioric  tone.  They  leave  the  stomach  slowly  and  in  small  portions;  a  fatty  meal 
1  jiiirinii  seven  hours  for  complete  passage  into  the  duodenum.  The  digestibility  of 
*mmi!  fats  is  discuvscd  hy  Langworthy  and  Holmes,  IQ15.  The  length  of  gastric 
■^'j "urn  increases  with  the  melting-point  of  the  fat.  Feyer,  igij.  In  the  duodenum, 
Ulv  (htck  l}ic  gastric  discharge  and  stimulate  the  flow  of  pancreatic  juice  and  the 
evacuation  of  the  gall-bladder  I'Klcc  and  Knuepfcl,  1914). 

Sobcutajieous  injections  of  lats  as  nutrients  were  propKMed  by  Leube,  1S95.  Tbev 
'ir.  W  1(1  ministered  indefmitely  without  irritation  or  other  disturbance,  and  are  gracl- 
>cd  by  the  lymph.  However,  the  absorption  of  plain  fats  is  too  slow  Co 
1  N  ;il  value  (Winternitz,  190.^;  Y.  Henderson  and  Croiull,  1905).  Somewhat 
\''^cr  rcaults  were  obtained  with  fats  emulsified  by  lecithin  (Mills  and  Congdon,  19^1). 
I^c  injection  of  free  fatty  acids  would  t>c  to.xic.  Fats  are  also  oxidized  when  emulsions 
iift  ini(xic<i  into  a  vein  (Murlin  and  Riche,  1915). 

Oleic  Acid  Anemia. — The  continued  administration  of  large  doses  of  oleic  acid,  by 
«'>alh  or  h.N'podermically,  to  animals,  produces  hemolysis  and  severe  anemia  (Faust, 
'W/i  mii  igoS;  Polano.  igog;  Adler.  1911).  Similar  effects  produced  by  the  injection 
'-'  eitncts  of  tapeworm  (bolhriocephalus}  are  also  attributed  to  oleic  acid-c holes terin 

«teR  fpAUSt). 

However.  KJotz  and  Soencer,  1917,  did  not  observe  any  changes  in  the  number  or 
^'mcturc  of  the  blood  corpuscles,  after  two  weeks  of  intravenous  injection  of  suspensions 
oltbole^terin  in  sodium  oleate. 

''  .lied  higher  fatlv  adds  are  also  hemolytic  (Shimazono,  iQii).     The  hemo- 

'  rium  pulidum  is  oxydimethyl  thiol-erucic  acid,  a  t>'pical  unsaturated  fatty 
—   i.uUKiiardt,  loio). 

Nephfitifl. — Salant  and  Bengis,  1917,  claim  that  oral  administration  of  fatty  oils 
2J>*»  renal  dis^turbances  in  rabbits  on  an  oats  diet;  but  not  when  thc^v  are  fed  on  carrots. 
*^«flert  does  not  occur  when  tlie  oil  is  injected  hypodermically;  it  is  perhaps  due  to 
■*'*e  lecondary  product  arising  from  the  presence  of  the  oil  in  the  intestines. 


PREPARATIONS — PATTY   OILS 

**plniiii  CHiwJf  (01.  OHv.),  U.S.P.,  B.P.;  OUve  oil  (Sweet  Oili— A  pale  yellow  or 
P^tTiish  yellow  fixed  oil,  expressed  from  the  ripe  fruit  of  Olea  europaea.  Slightly  sol. 
1^'  'i'     bojse,  30  c.c,  I  ounce,  U.S.P. 
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Oleum  Gossypii  Seminis  (0.  Gossyp.  Scm.),  U.S.P.;  Cottonseed  Oil.— Fixed  oil, 
expressed  from  seeds  of  cultivated  vaneties  of  Gossypium.  Slightly  sol.  in  ale.  On 
account  of  its  cheapness,  it  is  especially  adapted  for  external  use.  It  is  inferior  for  inter- 
nal administration;  it  can  not  be  readily  emulsified  or  saponified,  since  the  free  fatty 
adds  have  been  removed  in  the  process  of  purification. 

Gossypol. — Feeding  with  "cottonseed  meal"  (not  the  oil)  sometimes  produces  toxic 
effects.  These  are  commonly  attributed  to  the  gossypol,  a  crystalline  substance,  first 
isolated  by  Marchlewski,  1890.  It  is  soluble  in  gasoUn.  It  may  be  rendered  harmless 
by  steaming  and  various  methods  of  oxidation,  precipitation  or  extraction  (Withers  and 
damith,  191^). 

Gossypol  IS  tasteless,  and  insoluble  in  water;  but  when  injected  in  oily  or  alkaline 
solution,  It  produces  local  irritation  and  edema;  for  instance  peritonitis.  Intravenous 
injection  kills  acutely  by  circulatory  depression.  Cardiac  irregularity  is  prominent 
Cnronic  poisoning  by  ond  administration  to  rats  shows  inanition  and  cachexu  (Alsberg 
and  Schwartze,  1919). 

01.  Sesami,  U.S.P.,  B.P.;  Oil  of  Sesame  (Teel  Oil,  Benne  Oil). — Expressed  from 
seeds  of  Sesamum  indicum. 

01,  Arachis,  B.P.  (Peanut  OU). 

(H.  Amygdala  Expressum  (01.  Amygd.  Exp.);  01.  Amygd.,  B.P.  (Oil  of  Sweet  Al- 
mond).— Fixed  oil  from  bitter  or  sweet  almond. 

01.  Linij  U.S.P.,  B.T.;  Linseed  Oil. — Expressed  from  Linseed.  Disasreeable  odor. 
Employed  mainly  in  veterinary  practice  and  in  liniments.  "Bcnled"  oU  must  not  be 
usea.    DosCt  30  c.c,  i  ounce,  U.S.P. 

Add.  Oleic,  U.S.P.,  B.P.— Mixture  of  fat  acids  con^dng  chiefly  of  CitHmCOOH, 
Yellowish  or  brownish-yellow,  oily  U^uid;  peculiar  lard-Uke  odor  and  taste.  Practi- 
call)'  insoluble  in  water;  completely  misdble  with  about  85  per  cent,  alcohol;  soluble  in 
chloroform  and  in  fixed  and  volatUe  oils.  Used  as  solvent  for  metallic  oxidfl  and  alka- 
loids,  intended  to  be  absorbed  from  the  skin. 

Addum  Stearicum  (Acid.  Stear.)  U.S.P. — Mixture  of  fat  acids  consisting  chiefly  oi 
CitHjsCOOH  obtained  from  tallow  or  other  fats.  Hard,  white,  or  yellowish-white, 
somewhat  glossy,  solid,  odorless,  or  having  a  slight,  tallow-Uk6  odor,  tasteless.  Melts 
above  sfi^C.  Sol.  in  ale.  (1:21);  almost  insol.  m  water.  Used  in  glycerin  supposi- 
tories. 
\  *  01.  TheobromalU  (01.  Theobrom.),  U.S.P.,  B.P.:  Oil  of  Theobroma  (Cacao  Butter). 
A  yeliowish-white  solid  fat  from  the  roasted  seeas  of  Theobroma  Cacao.  It  melts 
at  the  temperature  of  the  body.  It  is  used  mainly  for  making  suppositories,  and  as  a 
lubricant  in  massage.    Not  to  be  confused  with: 

Oleum  Cocos;  cocos-oil. — The  expressed  oil  of  the  cocoanut,  the  fruit  of  the  pUm, 
Cocos  nudfera.    It  is  a  whitish  fat,  soluble  in  alcohol,  used  especially  in  soap-making. 

01.  Ckaulmoog.,  B.P.;  Chaulmoogra  Oil  (Gynocardia  Oil). — A  fatty  oil  expressed 
from  seeds  of  Taraktogenos  Rurtzii. 

The  oil  is  buttery,  of  greenish  color,  and  peculiar  odor  and  taste.  Power,  1915, 
finds  that  the  genuine  (Taraktogenos)  oil  consists  largely  of  the  glyceryls  of  a  new  typi 
of  fatty  adds,  mainly  chaulmoogric  add,  CisHtsOi,  and  the  related  hydnocarpic  aad. 

Unf.  Ckaulmoog.,  B.P. — 10  per  cent. 

Efficiency  Against  Leprosy. — The  oral  administration  of  chaulmoc^ra  oil  produces 
reaction  in  the  leprous  lesions  with  subsequent  amelioration  in  the  majority  of  patient! 
and  sometimes  an  apparent  cure.  It  is  doubtful  whether  it  produces  a  real  cure.  Th« 
same  effects  are  produced  by  the  subcutaneous  or  intravenous  injection  of  soaps  ol 
chaulmoogric  or  hydnocarpic  adds  (sodium  gynocardate  A;  Roger,  19x6);  or  of  theii 
less  irritant  ethyl  esters  (Hollman  and  Dean,  1919).  Equally  good  results  have  beeo 
reported  with  cod-liver  oil  soap  (sodium  morrhuate;  Rogers,  1919;  E.  Muir,  191^). 

£.  L.  Walker  and  Sweeney,  1920,  claim  that  chaulmoogric  acid  has  a  specifically 
high  bactericidal  power  for  acid-fast  organisms  (leprosy  and  tuberculosis),  and  incline 
to  attribute  the  therapeutic  results  to  this.  However,  it  is  significant  that  they  dc 
not  find  this  action  for  the  cod-liver  oil  acids,  which  arc  said  to  produce  the  same 
effects. 

Gurjun  oil  and  cashew  nut  (anacardlum)  oil  are  also  used  against  leprosy. 

Administration. — Chaulmoogra  oil  is  used  by  mouth  in  doses  of  0.3  to  0.6  cc, 
5  to  10  minims;  gradually  increased  to  2  to  4  c.c,  ^  to  i  dram  (B.P.).  It  tends  to 
become  very  nauseating  and  to  produce  intestinal  disturbance.  These  may  be  avoided 
by  hypodermic  injection  of  the  oil,  0.3  to  0.8  Gm.,  5  to  10  drops. 

Heiser,  1914,  and  Bercovitz,  1917,  ad\nse  a  mixture  of  60  parts,  each,  of  chaul- 
moogra and  camphorated  oil,  with  4  parts  of  resorcin.  Injections  are  made  weekly,  be- 
ginning with  I  c.c.  and  increasing  gradually. 

The  original  papers  should  be  consulted  for  the  dosage  of  the  soaps  and  esters. 
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Tbcde  are  employed  as  soft  ointment  bases.  They  have  the  incon- 
venience of  rapidly  turning  rancid.  This  is  delayed  by  antiseptics,  as 
in  Benzoinated  Lard. 

PR  EPAK  ATIONS — FATS 

*  •  Aieps  Bensoinaius  (Adeps  Bern.),  U.S.P,,  B.P.;  Benzoinated  Lard. — Lard  digested 
wiUi  Benxoin.  In  this  process  it  takes  up  a  certain  amount  of  the  latter,  and  acquires 
the  antiseptic  and  stimulant  properties  of  balsams,  besides  increasing  its  own  keeping 
quUtics. 

Aitt^^  U.S.P.;  Adeps  Prap.,  B.P.;  Lard. — The  purified  internal  fat  of  the  abdomen 
(rflhe  bog.     Insol.  in  water;  ver>'  slightly  sol.  in  ale;  melts  between  36'^  and  42°C. 

Smtm  Praparahtm  (Sev.  Pro-'p..),  U.S.I'.,  B.P.;  Suet. — The  internal  fat  of  the 
ibdomea  of  the  sheep,  purified  by  melting  and  straining. 

See.  Brns.,  B.P. 

Butyrum,  Buiter,  is  sometimes  used  as  an  ointment  basis.  Since  it  can  not  be  salted 
[or  this  purpose,  it  keeps  very  poorly. 

Other  AnirtMi  Fats. — Other  animals  also  yield  fats  which  are  popularly  supposed  to 
hn  ipecial  advantages — dog  fat,  goose  grease,  etc.  There  appears  to  be  no  established 
RUoo  for  preferring  them  to  the  more  easily  obtainable  lara. 


WOOLFAT— LANOLIN 

This  differs  chemically  from  ordinary  fats  in  that  the  fatty  adds  are 
not  united  to  glycerin  but  to  cholesterin  and  isocholesterin  and  smaller 
quantities  of  other  alcohols. 

Crude  woolfat  or  suint  was  used  by  the  ancients,  but  was  too  disagree- 
able, until  a  purified  product  was  introduced  by  Liebreich  as  "lanolin." 
Evtn  this  has  a  rather  unpleasant  odor  and  disagreeable  sticky  consist- 
ence, but  it  does  not  readily  turn  rancid.  Since  its  composition  resem- 
bles that  of  the  natural  skin-fat,  it  was  believed  that  it  would  be  more 
wadily  absorbed;  but  this  does  not  seem  to  be  the  case.  Its  chief  advan- 
tage lies  in  the  property  of  forming  salve-like  emulsions  with  up  to  two  or 
t^irte  times  its  volume  of  water,  so  that  watery  solutions  may  be  incor- 
porated with  it.  It  also  emulsifies  other  fats  and  petrolatum.  Anhy- 
dioos  woolfat  is  too  sticky  for  use.  It  is  employed  after  the  admixture 
^30  per  cent,  of  water  (Hydrous  Woolfat),  or  better  with  the  further 
**Wiiion  of  an  equal  weight  of  petrolatum  or  other  fat.  It  is  not  absorbed 
^m  the  intestines  (Bloor,  1913). 


C<->mf>nrit;.ifj. — Woolfat  consists  of  a  mixture  of  cholesterol  esters  and  of  alcohols  of 
*J'  ,  including  ceryl  alcohol.     Its  fatty  adds  arc  largely  those  of  ordinary  fats 

igi6). 


I'ieiLschutz  and  Unna  (£.  Unna,  iqii)  attributed  the  emuisif>-ing  action  to  traces 
°f  htt  iK>cho1csterin  and  oxycholcsterin;  but  Rohmann  failed  to  confirm  the  presence 
^ >todMtlcsterin  (also  of  camaubic  add  or  alcohol). 


PREPARATIONS — WOOLFATS 

^Mrfe^f  Lanof  Hydrosus  (Adeps  Lan.  Hyd),  U.S. P..  B.P.;  Hydrous  Woolfat  (Lanch 
"?')-^Con tains  from  ^5  to  .^o  per  cent,  of  water.  A  yellowish-white,  or  nearly  white, 
pintznent-like  mas.s.  having  not  more  than  a  slight  odor.  Misdbte  with  about  twice 
"**  *tighl  of  water.' 

Adtp,  Lan.,  U.S.P.,  B.P.;  Woolfat.— The  purified  fat  of  the  wool  of  sheep,  freed 
^[J*  wiicf.  A  light-yellow,  tenacious,  unctuous  mass,  not  more  than  a  slight  odor. 
^Kible  with  about  twice  its  weight  of  water.  Sparingly  sol.  in  ale,  readily  iu  cblorof., 
•«•-  acetone,  etc    MclU  between  38°  and  43*C. 
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PRSOLATYTlf  AHD  OTHER  WrOaOLBUU.  PKODUCTS 

Properties^— These  were  introduced  undo-  the  name  of  Vaselin  by 
Cb«&ebroagh.  1871.  They  are  obtained  from  petroleum  by  Hktiliing  off 
the  iiv>re  volatik  products,  chilling,  purification  by  filtration  through 
bone-black,  etc.  They  consist  of  hydrocarbons  of  the  methane  and 
related  aliphatic  series.  According  to  the  process  of  preparation,  they 
occur  of  various  consbtendes,  from  the  wax>'  "paraffin'*  (employed  for 
hardening  ointments;,  through  the  butter>-  "petrolatum"  (a  typical 
emollient.,  to  the  "liquid  paraffin"  (used  especially  for  laxative  and 
sprays;.  The  color,  from  deep  yellow  to  almost  pure  white,  does  not  affect 
the  action. 

Notwithstanding  the  chemical  difference,  they  resemble  the  fats  in 
physical  character  and  therapeutic  application.  They  have  the  ad\-an- 
tage  that  they  are  chemically  indifferent,  do  not  undergo  deterioration, 
can  not  become  rancid  or  irritant,  and  do  not  react  with  drugs,  such 
as  oxidizing  or  reducing  agents.  They  are  not  so  well  adapted  for 
inunction* 

Liquid  Petrolatum  as  Lazatxre. — Mineral  oils  are  not  absorbed  (except 
perhaps  doubtful  traces;  Bradley  and  Gasser,  1912):  but  are  eliminated 
unchanged  by  the  feces  (Randolph,  1885;  Hutchison,  1899;  Bloor,  1913). 
They  can  not,  therefore,  act  as  nutrients.  By  softening  the  feces,  they  are 
mildly  laxative,  and  are  used  as  such  in  intestinal  stasis  (A.  D.  Schmidt, 
1905;  Lane,  1913).  Sometimes  they  do  not  mix  well  with  the  feces,  the 
oil  leaking  from  the  anus.  Occasionally  they  are  followed  by  nausea  and 
regurgitation  (^Bastedo,  1914).  Any  of  the  "liquid  paraffins"  (Petro- 
latum Liquidum  Album)  may  be  employed — there  being  no  therapeutic 
difference  between  the  light  or  heavy  Russian  or  American  oils  (Bastedo, 
191 5;.  Their  composition  is  perhaps  also  similar.  The  usual  dosage 
is  from  10  to  30  c.c,  one-half  hour  before  meals;  or  a  single  dose  of  3oto 
60  c.c.  ^>efore  retiring.  The  "light"  oil  is  preferred  for  sprays  (Wilbert, 
1914; ;  the  more  viscid  oils  for  laxatives. 

Irritalion. — X.  Burns,  1917,  claimed  that  erysipeloid  skin  eruptions  have  followed 
the  UK  as  wound  dressing  of  liquid  petrolatum,  when  insufficiently  purified.  This 
needs  confirmation. 

Composition  of  Liquid  PetioUtums. — All  crude  petroleum  oils  are  complex  mixtures 
of  hydrocarbons,  the  composition  varjang  quanUtatively  according  to  their  ori|dn. 
These  differences  are  eliminated  in  refining,  so  that  the  composition  of  the  thorou^ily 
refmcd,  colorless  products  is  probably  similar,  whether  the  product  is  derived  from 
Russian  or  from  American  oils.  The  liquid  petrolatums  consist  mainly  of  naphthene* 
iCnHni)  and  polynaphthenes  (CHi^.z  and  C«Hsk-4).  They  do  not  contain  tnie 
paraffins  (C«Hs>i+i);  so  that  the  term  "Paraffin  Oil"  is  a  misnomer.  The  irritant 
olefin  hydrocarbons  and  the  benzenes  of  the  crude  oils  are  absent  from  the  refined. 
Certain  ingredients,  which  give  the  fluorescence  and  rancid  taste,  are  more  difficult 
to  eliminate  from  some  oils  than  from  others  (Brooks,  1916). 

The  history  and  composition  are  discussed  in  the  J.A.M.A..  1914,  62  :  X740;  and 
by  Hilton,  1914. 

Criteria  of  Availability. — Brooks  considers  the  physical  qualities,  the  color,  odor, 
taste  and  viscidity  or  specific  gravity  as  much  superior  to  all  chemic  tests. 

Paraflin  Treatment  of  Bums. — Paraffin  of  proper  plasticity  forms  aa 
excellent  dressing  for  burns.  A  thin  film  of  melted  or  liquid  paraffin  ifr 
painted  on  the  clean  burn;  this  is  covered  by  a  thin  layer  of  cotton,  and 
this  again  by  a  heavier  coat  of  melted  paraffin;  then  cotton,  bandages, etc 
The  treatment  obtained  notoriety  in   the  form  of  a  secret  prq>aration 
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("  Ambrine,")  but  simple  "surgicar*  paraffin  is  fully  as  good.  The  addi- 
tion of  antiseptics  is  useless,  since  ihey  are  hermetically  sealed  in  the  solid 
L&n  (Sollmann,  19x7). 


g^t 

^1( 


[cited  paraffin  may  also  be  used  as  a  protective  surface  coaling  for  onlinciry  drew- 
ings  (SoUmiinn,  1917).  Fisher.  loiO,  suggested  the  impregnation  of  bandages  with 
parafiin  mixtures  to  avoid  adherence  to  wounds.  Gauze  impregnated  wiUi  liquid 
prtrolatum  is  not  easily  clogged  by  secretion,  and  therefore  facilitates  absorption  by 
the  dressings  rSolImann,  IQ17). 

Sterilization. — H.  L>'man,  1917,  suggests  puraffin  for  sterilization  of  instruments; 
10  minutes  at  150*0.  kills  even  anthrax  spores. 

Psimffin  Prodiests. — The  persistence  of  the  mineral  fats  in  the  subcutaneous  tissue 
has  been  utilized  for  the  correction  of  dfformUns  (e.g.,  of  the  nose),  by  injecting  sub- 
cutancously  a  mixture  of  paraffins  melting  ut  about  40^0.  There  is  some  danger  of 
embolism,  and  the  results  are  not  permanent,  the  paraffin  being  gradually  replawd  by 

['tissue  (Heidingfeld,  1910),  which  may  be  a  starting  point  for  neoplasms. 
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^  •  Petrolatum  (Petrolat.),  \J.S.P.\P(traJinum  MolU  (Paraff.  Moll.),  B. P.; Petrolatum, 
Soft  Paraf&n  (Petroleum  Jelly.  Vaselin). — A  purified  mixture  of  semisolid  h>'dro- 
carbons  obtained  from  petroleum.  An  unctuous  mass,  varying  in  color  from  yellowish 
to  light  amber,  having  not  more  than  a  slight  fluorescence*  without  odor  or  taste. 
Insol.  in  water;  scarcely  sol.  in  cold  or  hot  ale;  freely  sol.  m  fats  and  fat  solvents. 
Melting-point,  j^S*  to  54''C.,  U.S.P  ;  40*  to  46''C.;  B.P.  The  color  may  be  specified  by 
adding  *^'  Album"  for  while,  "Flavum"  for  yellow. 

V  *  Petrolatum  Liquidutn  (Petrolat,  LJq.),  U.S.P.;  Paraf,  Uq.^  B.P.;  Liquid  Petro- 
latum, IJquid  Paraffin. — \  mixture  of  liquid  hydrocarbons.  A  colorless,  transparent, 
oily  liquid  free  from  fluorescence,  odorless,  and  tasteless  when  cold;  insol.  in  water  or 
ale.  Dose,  15  c.l.  4,  drams,  U.S.P.:  4  to  16  c.c,  i  to  4  drams,  B.P.  Hravy  Liquid 
Pt'trolatum  <Hcavy  Liquid  Paraffin,  Heavy  Mineral  Oil)  is  a  very  viscous  liquid.  LitM 
Liquid  Petrolatum  (Light  Liquid  Paraffin,  Light  Mineral  Oil)  is  almost  free  from  viscosity. 
^Kiru^num  (Paraff.),  U.S. P.;  Paraf.  Dur.,  B.P.;  Paraffin,  Hard  Paraffin.— A  puri- 
^Hmixture  of  solid  hydrocarbons.  Colorless,  or  white,  more  or  less  translucent  mass, 
^Rnout  odor  or  taste;  insol.  in  water  or  in  ale.  Melts  at  50^  to  57X.,  U.S.P.;  50**  to 
^"C.  B.P. 

To»c  Effects  of  Petroteum  Products. — Gcsolin  (Prtrolatm  heTitirt). — The  inhalation 
of  the  vapors  causes  headache,  nausea,  giddiness,  inebriation,  unconsciousness,  muscu- 
lar tremors,  convulsions,  dyspnea,  cyanosis,  and  death  (Buegi  and  Burgl;  Wolf,  iqii). 
Cfaronic  poisoning  results  in  dulncss,  pain  in  limbs,  trembling,  muscular  weakness  and 
ncn-ous  disturbances  (Rambousek).  and  pulmonary  hemorrhages  (Ja0c,  igi*). 
symptoms  of  acute  and  chronic  poisoning,  as  they  occur  in  the  rublier  industry, 
*  .nt>ed  by  Alice  Hamilton,  r9i5. 
>ncenlrated  vapors  cause  purely  paralytic  symptoms  in  frogs,  but  in  mammals 
seem  to  have  only  a  weak,  anesthetic  action.  If  they  arc  inhaled  to  the  exclusion 
r,  they  will  cause  an  asphj'xial  anesthesia.  Before  ihi.s  sets  in  there  are  very  char- 
iltic  convulsions  (SoUmann,  1004).  The  animal  struggles  violently,  then  falls 
side  and  claws  the  air  with  ail  fours,  as  if  running.  The  pupils  arc  widely  dilated. 
sxcs  absent.  The  spasms  are  intermittent,  and  between  them  the  dog  is  perfectly 
^xcepl  that  the  toes^  tail  and  eyelids  continue  to  twitch.  The  respiration  is  first 
then  weakened.  There  is  paralysis  of  the  vagus,  then  a  dcprewion  of  the 
i»cle,  and  later  of  the  vasomotor  center.     Either  heart  or  respiration  may  stop 

lUn  is,  therefore,  unsuitable  as  an  anesthetic  even  for  animals;  although  it  has 

•••*  "irh  man  (Felix.  18S8).    It  is  said  to  be  used  as  an  intoxicant.     Its  oral 

does  not  produce  gastroenteritis.     It  is  absorbed  slowly  from  the  ali- 

;.  and  excreted  mainly  by  the  lungs  fjaffe,  1914). 

^(iroifum  iCoal  oil). — When  petroleum  is  swallowed,  it  produces  narcotic  effects 

to  those  of  alcohol,  with  strong  gastroenteritis.     It  is  to.\ic  in  proportion  to  its 

it  of  the  more  volatile  products.     No  fatal  case  has  thus  far  been  reported, 

>ugh  as  much  as  a  liter  has  been  swallowed.     Coal  oil  applied  to  the  skin  is  a 

ro-te  irritant.     Continuous  bandlinR  of  unpuritied  paraffin  may  lead  to  dermatitis 

'h.  iSqo),  acne  and  other  eruptions,  and  papillomas  (see  "Tar"). 
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WAXES 
These  axe  used  in  pharmacy  mainly  to  stiffen  ointments  (as  in  cerates). 

PREPARATIONS 

Cera  Flava  (Cer.  Flav.),  U.S.P.,  B.P.;  Yellow  Wax,  Beeswax. — The  purified  product 
of  the  hive  bee,  Apis  mellifera.  Melts  between  63°  and  65^C.  Sparingly  sol.  in  ale; 
sol.  in  eth.f  chloro!.,  and  oils. 

Cera  Alba  (Cer.  Alb.),  U.S.P.,  B.P.;  White  Wax.— Bleached  beeswax. 

Cetaceum  (Cetac),  U.S.P.,  B.P.;  Spermaceti. — A  fatty  substance,  obtained  from  the 
head  of  the  sperm  whale,  Physeter  macrocephalus.  Consists  mainly  of  ester  of  cetylic 
alcohol  and  palmitic  acid. 

Resina  (Res.),  U.S.P.,  B.P.;  Rosin  (Colophony). — The  residue  left  after  distilling  off 
the  volatile  oil  from  turpentine,  the  concrete  oleoresin  obtained  from  species  of  Pme. 

COBCPOUND  OINTBfENT  BASES 

These  are  survivals  of  older  formulas,  generally  without  serious  advan- 
tage over  the  simpler  bases.  Typical  ointments  melt  at  the  temperature 
of  the  body. 

PREPARATIONS — COMPOUND   OINTMENT  BASES 

UnguetUum  (Ung.),  U.S.P.;  Ointment  (Simple  Ointment).— 2  parts  White  Wax. 
8  parts  Benz.  Lard. 

Ung.  Paraf.y  B.P. — Hard  Paraff.,  27  per  cent.;  Soft  Paraff.,  70  per  cent. ;  Beeswax, 
3  per  cent. 

Ung.  Aq.  Ros.,  U.S.P.,  B.P.  (Cold  Cream).— Expressed  Almond  Oil,  thickened  with 
Spermaceti  and  White  Wax,  flavored  with  Rose  Water,  and  containing  5  per  cent,  of 
Sodium  Borate,  U.S.P. 

Ung,  Ceta.,  B.P. — Spermaceti,  20  per  cent.;  White  Beeswax,  8  per  cent.;  Liq. 
Paraff.,  72  per  cent. 

Ung.  LawB  Co.j  B.P.— Lard,  40  per  cent.;  Woolfat,  40  per  cent.;  Paraff.  Dint., 
20  per  cent. 

Ung.  Res.f  B.P. — Resin,  26  per  cent.;  Yellow  Beeswax,  26  per  cent.;  Olive  Oil, 
36  per  centy^  ]^rd,  32  per  cent. 

CERATES 


ung.  n.es.j  E 
per  cent^  Lai 


These  are  stifFer  ointments,  containing  sufficient  wax  so  that  they 
do  not  meit  at  body  temperature.    They  are  also  superfluous  survivals. 

PREPARATIONS — CERATES 

Ceratum  (Cerat.),  U.S.F.;  (Simple)  Cerate. — Three  parts  of  White  Wax  and  7  parts- 
of  Benz.  Lard. 

Cerat.  Res.y  U.S.P. ;  Rosin  Cerate  (Basilicon  Ointment). — Rosin,  35  per  cent.^ 
Yellow  Wax,  15  per  cent.;  Lard,  50  per  cent. 

GLYCERIN 

Therapeutic  Uses. — This  acts  both  as  emollient  and  demtdcent.  It- 
is  used  to  soften  the  skin,  to  prevent  chapping,  internally  in  coughs^ 
etc.  Concentrated  glycerin  abstracts  water,  so  that  the  soothing  actiom^ 
is  preceded  by  smarting.  It  should  therefore  be  diluted  with  two  or* 
three  volumes  of  water  (rose  water  for  lotions).  Roth  has  shown  (witl»- 
Cataplasma  Kaolini),  that  glycerin  does  not  abstract  water  from  th^ 
intact  skin,  because  of  the  impermeability  of  the  stratum  corneum. 

Undiluted  glycerin  injected  into  the  rectum  causes  evacuation  in  m^ 
few  minutes,  without  pain  if  there  are  no  abrasions  (5  to  10  c.c,  i  tx^ 
25;  of  the  official  suppository).  Similarly,  it  provokes  uterine  con — ■ 
tractions  if  introduced  into  the  cervical  canal.    Large  doses  (100  to  150^ 


GLYCERIN 


"5 


Gm.  per  day,  in  divided  portions)  have  been  employed  to  kill  intestinal 
trichinjc. 

Pharmaceutic  Uses. — Glycerin  has  many  uses  in  pharmacy,  as  a 
vehicle  and  solvcnl  for  salts;  sweetening  agent;  to  preserve  ferments  and 
vaccines;  to  keep  pill  masses  or  extracts  moist,  etc.  As  a  sweetening 
agent  in  diabetes  it  has  been  displaced  by^  saccharin. 

ITutrient  Value. — Glycerin  has  been  tried  as  a  substitute  for  cod  liver  nil.  It  is 
timnsformablc  inlo  Riycogcn  and  suRar;  but  its  nutrient  value  is  rather  doubt(uI,  since 
U/^cr  quantities  lessen  ga<iiric  .secretion  (L.  Kast,  1910)  and  provoke  diarrhea.  Like 
otner  intestinal  irritants,  it  produces  increased  elimination  of  uric  acid  (Abl,  191  ^0- 

Toxic  Effects. — None  have  been  reported  in  man,  but  they  occur  in  animal*  when 
lai]ge  doses  are  given,  by  any  channel.  The  sjinptoms  are  convulsant  and  paralytic, 
nrobohly  through  a  direct  action  of  glycerin  on  the  centra!  ner\'ous  system.  I'hc 
dUxx!  corpuscles  are  laked,  es|>ctiully  if  the  glycerin  is  injected  h>'poderTnically.  This 
is  probably  an  o?molic  effect,  !hc  glycerin  remaining  for  a  time  unabsorbed.  and  in 
high  concentration  at  the  place  of  injection;  and  the  corpuscles  being  lakcd  during 
thetr  passage  through  this  area  (I-'ilehnc). 

On  mu5cle-ncr\e  preimratinns,  glycerin  acts  similarly  to  vcnitrin. 
Germiddal  Action.— Concentrations  of  25  per  cent,  and  higher  are  distinctly  disin- 
fectant, the  elTRJency  increasing  with  the  concentration.     Undiluted  glycerin  destroys 
>lo  of  the  bacteria  in  3  hours  (Winslow  and  Holland,  igig). 

On  the  other  hand,  glycerin  hinders  the  antiseptic  efficiency  of  substances  for 
•tiich  it  is  a  belter  solvent  than  is  protoplasm;  for  instance  thymol,  phenol,  mercuric 
thlorid.  or  boric  acid. 

PREPARATION  S — GLYCERIN 

^\Givrcrinum  (Glycerin),  U.S.P.;  (Glyrrr.),  B.P.  Glycerin,  CiH*COH)i.— A  liquid 
obtained  by  the  hydrolysis  of  vegetable  or  animal  fats,  purified  by  distillation.  Clear, 
c<>l«icM  Liquid,  of  a  thick.  s>'rupy  consistence,  sweet  to  the  taste.  Miscible  with  water 
or  lie.;  Insol.  in  eth.,  chlorof,  or  oils.  Dose,  4  ex.,  i  dram,  US. P.;  4  to  8  c.c,  i  to  2 
druns,  B.P. 

/**  SupposUoria  Glycrrini  (Supp.  Glycerin),  U.S. P.;  Supp.  Glycer..  B.P. ;  Glycerin 
Suppositories. — Each  suppository  contains  3  Gm.  of  Glycerin,  solidified  by  sodium 
*tttnile,  U.S. p.;  70  per  cent   of  Glycerin,  solidified  by  Gelatin,  B.P. 
Glyuriks  are  solutions  of  medicinal  substances  in  glycerin. 


DEMULCENTS  OR  MUCILAGmOUS  SUBSTANCES 

These  comprise  gums  and  other  colloid  substances,  which  form  viscid 
wiuiionj  with  water,  and  are  insoluble  in  alcohol.  They  are  used  to 
emulsify  oils;  to  suspend  insoluble  powders;  to  mitigate  the  taste  and  local 
cffccu  and  to  delay  the  absorption  of  other  drugs;  and  to  allay  inflamma- 
tions of  raucous  membranes,  especially  in  bronchitis,  gastritis,  enteritis 
•J*! diarrhea.  The  effects  are  strictly  local,  but  in  the  respiratory  passages 
tficj'are  said  to  extend  into  the  bronchi.  Gums  and  proteins  (raw  eggs, 
'^'jk,  flour)  are  employed  fnr  their  protective  action  against  irritant 
(•^•sorw.    They  are  also  precipitant  chemic  antidotes  for  metals. 

Acacia  or  gelatin  are  added  to  saline  transfusions,  to  prolong  their 
^'Joum  in  the  circulation. 

Mucilages  and  similar  drugs  (salcp,  Irish  and  Iceland  moss)  were 
'^Hnerly  considered  efficient  carbohydrate  nutrients;  but  it  has  been 
^^  that  they  are  very  imj)erfectly  digested,  and  for  the  most  part 
^"ffiinatcd  unchanged  by  the  feces  (Mendel,  1908;  Swartz,  1911). 

I'CtBulceats  as  Flavors. — Gums  and  similar  substances  markedly  diminish  the  char- 
**^ti<:  LA-Hic  of  all  substances,  add,  salt,  and  sweet,  as  well  us  bitter.     They  act  by 
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enveloping  the  substance  and  forming  a  protective  layer  over  the  mucous  membrane, 
and  in  this  way  preventing  the  access  of  the  substance  to  the  taste  organs.  This,  of 
course,  diminishes  absorption  as  well  as  taste.  One  can  readily  convince  himself 
of  this  "corrective"  action  by  mixing  a  i  per  cent,  solution  of  citric  add  with  water  and 
with  a  thin  starch  paste.  The  latter  will  taste  much  less  sour.  Colloid  substances 
of  this  kind  are  present  in  fruits  as  pectin  bodies,  and  have  a  marked  influence  upon 
their  taste.  The  raspberry,  for  instance,  actually  contains  more  acid  than  the  currant 
and  but  little  more  sugar,  its  less  sour  taste  being  due  to  the  greater  amount  of  these 
pectin  substances  present  in  it. 

Anaphylacioid  Phenomena  on  Intravenous  Injection. — These  are  described  under 
Anaphylaxis — see  index. 

PREPARATIONS — GUMS 

^  ^Acacia  (Acac),  U.S.P.;  Acacia  Gummi  (Acac.  Gum.),  B.P.;  (Gum)  Acacia  (Gum 
Arabic,  Gum  Senegal). — The  dried,  gummy  exudation  of  Acacia  Senegal,  and  of  other 
African  species  of  Acacia.  More  or  less  spheroidal  tears,  or  angular  fragments;  whitish 
to  light  amber  colored;  transluceAt;  very  brittle;  nearly  inodorous;  t^te  insipid,  mud* 
laginous  Insoluble  in  ale;  slowly  soluble  in  twice  its  weight  of  water,  forming  a  mud- 
laginous  liquid,  which  is  acid  to  litmus.  Incompatible  with  ale,  borax  or  metallic  salts. 
A  *MucUago  Acacia  (Mucil.  Acac),  U.S.P.,  B.P.;  Mucilage  of  Acada.— 35  per  cent., 
U.S.P.,  40  per  cent.,  B.P.,  dissolved  in  cold"  water.     DosCf  15  c.c,  4  drams,  U.S.P. 

Syr.  Acac.f  U.S.P. — 10  per  cent. 

Gum  Ind.j  B.P. — A  gummy  exudation  from  the  stem  of  Anogeissus  latifolia. 

Mucil.  Gum,  Ind.^  B.P. — 25  per  cent. 

^Tragacantka  (Trag.),  U.S.P.,  B.P.;  Tragacanth, — The  spontaneously  dried  gummy 
exudation  from  the  stems  of  Astragalus  species.  Swells  in  water  to  a  gelatinous  mass, 
without  dissolving.     Used  in  pill  excipients,  emulsions,  etc. 

Mucil.  Trag.,  U.S.P.,  B.P. — 6  per  cent,  in  diluted  glycerin,  U.S.P.;  1.25  per  cent,  in 
water,  B.P. 

Glycer.  Trag.,  B.P. — 20  per  cent. 

Pulv.  Trag.  Co.,  B.P. — Tragacanth,  Acacia,  Starch  and  Sugar.  Dose^  0.6  to  4  Gm., 
lo  to  60  gr.,  B.P. 

Dextrin. — Prepared  by  heating  starch  with  nitric  acid.  Presents  all  the  characters 
of  gum  arabic,  and  forms  the  prindpal  ingredient  of  commercial  mucilages.  A  good 
formula  for  this  is  the  following  (Sykes):  Mix  180  Gm.  of  dextrin  with  180  c.c.  cold 
water;  add  340  c.c.  boiling  water  and  boil  five  minutes,  stirring  constantly.  Add  hot 
water  q.s.  400  c.c.  When  cold,  add  30  c.c.  of  dilute  acetic  acid,  10  drops  of  phenol  and 
30  c.c.  of  glycerin,  previously  mixed. 

DEBCULCENT  TEAS 

Drugs  containing  mucilages  are  used  as  decoctions,  ad  libitum,  mainly 
in  folk  medicine. 

PREPARATIONS — DEMULCENT  TEAS 

Althaa  U.S.P.;  Marsh  Mallow  Root. — The  root  of  Althjea  offidnalis  deprived  of 
the  brown,  corky  layer  and  small  roots. 

Amygdala  Dulcis  (Amygd.  Dulc),  U.S.P.,  B.P.;  Sweet  Almond. — The  ripe  seeds  of 
Prunus  .Amygdalus  dulcis. 

Emul.  Amygd.,  U.S.P.  (Milk  of  Almond). — An  emulsion  made  by  rubbing  6  parts 
of  blanched  sweet  almonds  with  x  part  of  acacia,  3  parts  of  sugar,  and  enough  water  to 
make  100  parts. 

Mist.  Amygd.,  B.P. — 12.5  per  cent.     Dose,  15  to  30  c.c,  J^  to  i  ounce,  B.P. 

Pulv.  Amygd.  Co.,  B.P. — Sweet  Almond,  Sugar  and  Gum  Acacia. 

Cetraria;  Iceland  Moss,  a  Lichen. — \  gelatinous  decoction  (i  :  20)  is  prepared  after 
previous  extraction  with  cold  water,  to  remove  a  bitter  principle. 

Chondrus,  U.S.P.  (Irish  Moss,  Carrageen). — The  dned  plant  of  the  seaweeds  Chon— 
drus  crispus  and  Gigortina  mamillosa.     Yields  a  demulcent  jelly  with  boiling  water 

Cydonium. — Quince  Seed. 

Ispaghula  B.P. — Dried  seeds  of  Plantago  ovata.  Dose,  ?  to  10  Gm.,  45  to  150  gr.^ 
B.P. 

Dec.  Ispagh.,  B.P. — 1.5  per  cent.     Dose,  15  to  60  c.c,  j^  to  2  ounces,  B.P. 

Salep. — The  tubers  of  an  orchid. 

Sassafras  Medulla. — Sassafras  Pith. 


DEMULCENTS 

Trittcum  (Trit/l.  U.S.P.;  Aeropyron  (.\gropyr.),  B.P,;  Triticum,  Couch  Grass. — 
Tbe  dried  rhizome  and  rooU  of  Agropyron  rcpcns.     Dos*,  S  Gm.,  2  drams,  U.S. P. 

fWrat/.  TriL,  U.S.P.;  Exi.  Agropyr,  Uq,,  B.V.—Dose,  to  c.c.  2hj  drams.  U.S.P.; 
4  to  S  c-c.  r  to  2  drams,  K.P. 

I>ec.  Agropyr.,  B.P. — ^  per  cent.     Dose,  15  to  60  c.c,  ^  to  i  ounces,  B.P. 

VlmMt,  U.S.P.;  Elm  (Sbppcry  Elm).— The  bark  of  Ulmus  fulva. 

GELATIN 

Uses.  —This  is  employed  in  pharmacy  as  a  coatinp;  for  pills,  for  making 
.tin  capsules,  etc.,  and  in  tlie  form  of  glyccrinated  gelatin  as  a  bast^  for 
suppositories.  In  the  form  of  soups  and  jellies  it  is  used  as  a  nutrient, 
being  easily  digested  and  capable  of  replacing  from  one-fourth  to  two- 
thirds  of  the  protein  of  an  ordinary  diet,  especially  if  the  carbohydrates 
are  ample  (Murlin,  1907).  Subcutaneous  injections  of  gelatin  have  l)cen 
given  to  increase  the  coagulability  of  the  blood,  especially  in  aneurism. 
Their  efficiency  is  doubtful.  They  have  the  serious  objections  of  severe 
pain  and  danger  of  infection,  since  ordinary  gelatin  solutions  are  often  not 
sterile,  and  may  even  carry  tetanus. 

GeUtln  S5  Styptic. — The  eflScicncy  of  gelatin  is  affirmed  by  some  and  denied  by 
others.     Burton-Opitz,  1006.  found  that  it  increased  the  viscosity  of  the  blood  on  intra- 
venous injection.     Cmuni,  iqii,  claims  the  same  effect  hj'podt.Tmically.     Dastre  and 
FloRsco,  1807;  and  Grau,  iqio,  de.'icribc  increased  coagulability  of  the  blood,  lasting 
forwveral  da)'s.     Zibell,  looi,  and  others  are  inclined  to  attribute  the  action  to  Ca,  of 
vhich  evlatin  contains  about  0.6  per  cent.     The  contradictorT,'  data  do  not  permit  any 
d£&mtc  conclusions.     The  gelatin  was  originally  used  subcutaneously  fioo  to  200  cc. 
oIsterQc  i  to  5  per  cent,  solution,  injected  slowly  into  the  thigh,  not  near  the  aneurism, 
every  ten  to  fifteen  days,  until  10  to  20  injections  h^ve  been  given).     The  treatment 
is  quite  painful,  and  may  raise  the  temperature  to  io.^°F.    Wood  (1Q03)  claims  that  the 
platin  IS  just  as  effective,  only  somewhat  slower,  when  given  by  mouth,  and  recom- 
mends eating  ^  or  4  ounces  of  flavored  10  per  cent,  jelly,  three  times  a  day. 

PREPARATIONS — GELATIN 

*Gfl<Uinum  (Gelat.),  U.S.P. .  B.P.;  Gelatin.— The  purified,  air-dried  product  ob- 

Uioed  by  the  hydrolysis  of  animal  tissues,  as  skin,  ligaments,  and  bones,  by  treatment 

inih  Wling  water.     Insol.  in  cold  water,  but  swells  and  softens  when  immersed  in  it, 

■'  iitUy  absorbing  from  five  to  ten  times  its  own  weight  of  water;  sol.  in  hot  water, 

'i'  acid  or  glycerin;  insol.  in  ale.     Watery  solutions  of  3  per  cent,  or  over  solidify 

wiawling.    Precipitated  by  phenol  or  tannin;  not  by  dilute  solutions  of  metallic  salts. 

C^miim  Glyccrinalum  (Gelat.  tilycerin.),  U.S.P. — Equal  parts  of  Gelatin  and  of 

^%erin.    Used  for  making  bougies,  etc. 


STARCH 

Uses. — Dry  starch  is  used  as  a  dusting  powder.  By  boiling  with 
^itx,  starch  is  converted  to  a  colloid  condition,  starch-paste.  This  is 
<^  Ls  an  pr^oflient,  in  the  form  of  the  glycerite;  in  poultices;  and  to 
■wure  the  retention  of  enemas  (teaspoonful,  rubbed  smooth  with  a  little 
^W  water  and  poured  into  a  cup  of  boiling  water).  It  is  a  chemical  anti- 
^"te  to  iodin.  It  is  also  employed  as  a  nutriggt,  especially  as  *' arrow- 
footj'  the  starch  of  Maranta,  which  has  a  somewhat  finer  flavor  than  the 
^did  corn  starch. 

PREPARATIONS — STARCH 

*Amyium,  U.S.P.,  B.P.;  Starch. — Prepared  from  maize,  U.S.P.;  from  wheat,  rice 
'*"»tti«,  B.P. 
Oijcer.  Amyi,  US  P.— 10  per  cent,  of  starch. 
Cifurin.  Amylit  B.P. — 20  per  cent,  of  starch. 
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*  Barley-water  is  used  as  a  demulcent  decoction;  and  for  diluting  cow's  milk  for 
infants,  to  prevent  the  precipitation  of  solid  masses  of  casein  in  the  stomach.  It  is 
prepared  by  boiling  for  twenty  minutes  lo  parts  of  washed  pearl  barley  with  150  parts 
of  water  and  straining.    (B.P.C.) 

INDIFFERENT  DUSTING  POWDERS— ADSORBENTS 

Very  fine  ("impalpable"),  insoluble,  non-irritant  powders,  such  as 
talcum,  chalk,  starch,  lycopodium,  etc.  are  used  as  dusting  powders  to 
protect  the  skin,  wounds  and  muccsse.  They  form  a  protective  covering, 
prevent  friction,  absorb  secretions  by  capillary  action,  and  are  therefore 
drjring.    The  insoluble  bismuth  salts  also  act  largely  in  this  maimer. 

The  bismuth  salts,  chalk,  kaolin  (clay,  bole),  fullers'  earth  and  char- 
coal are  used  internally  for  similar  protective  effects,  against  gastrointes- 
tinal irritation. 

The  efficiency  of  the  dusting  powders  is  partly  mechanical,  as  has  been 
explained,  and  partly  through  adsorption.  By  condensing  dissolved  or 
suspended  substances  on  their  large  surface,  they  diminish  their  concen- 
tration and  absorption.  This  weakens  the  action  of  chemical  agents, 
including  bacterial  products.  At  the  same  time,  the  drjdn^  renders  the 
medium  unsuitable  for  bacterial  growth,  and  so  diminishes  mfection. 

Water  Absorbing  Power. — This  is  important  when  dusting  powders  are  used  for 
drying.  SoUmann,  19x9,  found  it  to  range  from  70  to  80  per  cent,  for  fullers'  earth, 
kaolin  and  starch;  and  from  53  to  65  per  cent,  for  chalk  ana  talcum. 

Selective  Adsorption. — The  affinity  of  adsorbents  varies  for  different  substances.  In 
general,  it  is  most  effective  for  colloids  of  the  opposite  electric  charge.  The  following 
give  an  idea  of  the  selective  phenomena  (Koltoff,  19x9). 
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Adsorption  of  Toxins  and  Antitoxins. — Diphtheria  toxin  and  antitoxin  are  both 
adsorbed  by  animal  charcoal;  not  by  kaolin,  talcum,  kieselguhr  or  wood  charcoal.  This 
does  not  apply  to  other  toxins  and  antitoxins.  Tetanus  toxin,  for  instance,  is  adsorbed 
by  all  the  aoove  agents  (Jacque  and  Zunz,  1909;  Zunz,  1913). 

Clarification. — Talcum  and  Kieselguhr  are  used  to  clarify  turbid  mixtures. 

Decolorization  by  Charcoal. — This  is  used  to  decolorize  solutions.  Different  fiptd- 
mens  vary  greatly  in  activity.  Tested  by  methylen  blue,  blood  charcoal  is  generally 
the  most  active;  graphite  and  lampblack  are  almost  inactive  (Koltoff,  1919).  Wood 
charcoal  prepared  from  nut-shells  is  highly  active;  ordinary  wood  charcoal  is  poor. 

Adsorbents  as  Antidotes. — Charcoal  has  been  advised,  especially  against  alkaloidal 
poisons  ( Wicshowiki) .  Its  efficiency  can  not  be  great.  Kaohn  would  be  more  effective, 
out  it  also  is  of  little  practical  value. 

The  protective  adsorption  of  alkaloids  and  organic  bases  has  been  studied  by  Loffler 
and  Spiro,  1920. 

Colloidal  Carbon  (caramel)  is  harmless,  even  on  intravenous  injection.  It  antag- 
onizes alkaloids  (strychnin)  when  mixed  in  vitro,  and  even  somewhat  when  the  strychnin 
is  given  by  mouth,  and  the  carbon  by  vein;  but  this  antagonism  is  too  uncertain  for 
practical  application  (Sabbatani,  1913  and  1914). 

Skin- protection. — The  protection  afforded  by  dusting  powders  against  the  Irritant 
action  of  weather  on  the  skin  b  familiar.  They  also  have  a  high  protective  value 
against  chemical  irritants,  for  instance  "mustard  gas"  (Sollmann,  1919}. 
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Ckatcoal  Atainst  Indigestion  and  Flatulence. — Freshly  heated  charcoaJ  adsorbs  gases. 
lU  presumably  led  to  its  use  against  Qatulencc  and  heartburn.  It  is  unsuccessful 
»r  chAtcoal  can  not  adsorb  free  gases  when  it  is  moistened. 

Wood  charcoal,  which  is  generally  used,  is  slightly  alkaline,  and  this  may  account  for 
rhat  little  efficiency  it  may  possess.  However,  it  would  be  a  wasteful  and  inadequate 
means  of  introducing  alkali,  smrc  1  gm.  ncutraliztrs  only  about  5.5  c.c.  of  N'/io  acid,  and 
is  therefore  equivalent  to  about  42  mg.  (?3  grain)  of  sodium  bicarbonate. 

Adsorbents  ill  Diarrhea. — Bolus  alba  (Kaolin),  fullers'  earth,  bone-black  (carbo 
Animalis),  and  tripoli  (silica)  check  watery  diarrheas  and  dyscnter)'.  In  acute  bacterial 
dysentery,  large  aoses  are  given,  30  to  45  Gm.  three  times  daily,  stirred  into  hot  tea 
falter  a  preliminary  cleansing  by  calomel).  Smaller  doses  suiBce  in  chronic  dysentery 
CSlumpf.  iQt4;  Slocrk,  1Q15).  Hess,  1916,  reports  good  results  from  fullers' earth  in  in- 
fantile diarrhea.  It  is  administered  in  the  food,  or  by  a  spoon;giving  i  to  a  tablespoons 
Ciu«c  times  daily  (Charcoal,  H.  Strauss,  iqi6). 

The  effects  are  explained  by  the  more  solid  consistence  of  the  stools;  by  the  checking 
of  bacterial  growth;  and  by  the  adsorption  of  the  irritant  putrefactive  products  (Kraua 
^nd  Barbara,  1015). 

It  has  been  reported  that  adsorbents  restrain  somewhat  the  activity  of  digestive 
f«rmcnts  ("Strauss,  1916;  Petersen,  1917);  but  this  is  probably  unimportant. 

Diphtheria  Carriers. — The  application  of  dry  Kaolin  to  the  nose  and  throat  is  being 
tried,  with  apparent  success,  to  remove  the  bacteria  of  diphtheria  carriers  (Rappapori, 
««It6). 

Taxic  Ejects  of  Adsorbents. — Kaolin  is  toxic  when  injected  intravenously  and  hemo- 
lytic when  added  directly  to  blood  (Friedberger  and  Tsumeoka,  'Qij)- 

PREPARATIONS — ADSORBENTS 

Carbo  Animalis. — Bone  Black. — Used  against  dysentery,  in  dosage  of  30  grams. 
Lnimal  charcoal  is  preferred  for  this  large  dose,  because  the  sharp  particles  of  the 

table  charcoal  might  be  irritant  (Lichcwitz,  1914). 

*Carho  Ligni  (Carb.  Lig.J.  U.S.P.,  B.P.;  Wood  Charcoal.— BUck.  tasteless  and  odor- 
ver\'  tine  powder.     Dose^  i  Om.,  15  gr.,  U.S. P.,  to  4  Gm..  60  gr. 

Kwlinum,  B.P.;  Kaolin. — Native  aluminum  sdicate  (china  clay;  bolus  alba),  pow- 
•lemland  freed  from  gritty  particles  by  elutrialion. 

Catapla-ima  Kaolini,  N.¥. —  Esscntirtllv  a  thick  mass  formed  of  about  3  parts  of 
kaolin  and  1  part  of  glycerin,  together  with  a  little  boric  acid  (4.5  per  cent.)  and  flavor- 
ttgotls     It  is  spread  hot  in  a  thick  layer  and  left  in  place  for  twelve  to  forty-eight  hours. 

*  Lyfopodium  (l,ycopo<l.)^  US. P.;  Lyropodium. — The  spores  of  Lycopodium  clava- 
tun.  A  light  yellow,  very  mobile  powder,  nearly  inodorous  and  tasteless.  Insoluble 
tt  water. 

X  *rii/(rum  Pitrijkatum  (Talc.  Purif.),  U.S. P.;  Purified  Talcum. — A  puriScd,  native, 
'lyorou}  magnesium  silicate.  A  fmc.  white  or  grayish- white  powder;  odoHess  and  tastc- 
'CK>    liuol.  in  water  and  dilute  acids  or  alkalies. 

TfTfa  Sfticta  Purijirata  fTcr.  Sil.  Purif.),  U.S. P.  (Purified  Kicsclguhr,  Purified 
InfutoHal  Earth). — A  form  of  silica  (SiOj)  consisting  of  the  frustules  and  fragments  of 
^iitoms.  purir}cd  by  boiling  with  diluted  hydrochloric  acid,  washing  and  calcining. 

POULTICE  MASSES 

Poultices  or  cataplasms  arc  used  10  convey  heat,  and  to  macerate  the 
skin.  A  variety  of  pasty  materials  may  be  employed.  The  most  common 
^linseed,  starch,  bread  and  clay.  Linseed  poultice  is  prepared  by  stirring 
*  l»art  of  ground  lin.secd  into  3  parts  of  boiling  water,  to  whicfi  a  little 
wkmg  5(xla  may  be  added,  to  render  it  flufTy  and  less  irritant.  Clay  or 
'^lin  poultice  is  much  heavier,  but  can  be  sterilized  if  desired.  The  rate 
*^  cofiling  of  different  poultice  ma.«^^es  has  l>een  investigated  by  Pilcher, 
iwS.  They  do  not  differ  materially.  Whole  linseed  may  be  made  into 
»  demulcent  decoction  asainst  bronchitis. 


PRKPARATIONS — POULTICES 

*^««m.  U.S. P.;  Lini  Scm,,  B.P.;  Lint  Stm.  Conlus.  ^crushed  or  ground. 
^^'i  Linseed,  Flaxseed. — The  ripe  seeds  of  linum  usilatissimum. 
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PLASTERS 

These  serve  for  protections  against  irritation,  for  mechanical  support; 
and  for  the  slow  conveyance  of  drugs  to  or  through  the  skin.  They  are 
somewhat  irritant,  partly  by  preventing  evaporation  from  the  skin,  and 
partly  by  the  small  quantities  of  volatile  oils  contained  in  the  resins  from 
which  they  are  often  prepared.  The  official  plaster-masses  are  unimpor- 
tant, since  the  commercial  plasters  are  usually  made  by  private  formulas 
from  some  rubber  mixture.  "  Court  plaster  "  is  made  of  isinglass  (Ichthy- 
ocoUa),  a  variety  of  gelatin  prepared  from  the  swimming  bladder  of  the 
sturgeon. 

PREPARATIONS — ^PLASTER  MASSES 

EmplastrumElasticum  (Emp.  Blast.),  U.S.P.;  Rubber  (Adhesive),  Plaster. — ^A  mix- 
ture of  rubber,  pitch,  wax  and  an  absorbent  powder  (starch,  etc.),  spread  on  cloth. 

Emplastrum  Resime  (Emp.  Res.),  U.S.P.,  B.P.  (Rosin  Adhesive  Plaster). — Lead 
plaster  with  rosin  and  yeUow  wax,  U.S.P.;  hard  soap  instead  of  wax,  B.P. 

Emplastrum  Plumbi  (Emp.  Plumb.),  U.S.P..  B.P.;  Lead  Plaster  (Diachylon  Plaster). 
— A  soap  made  by  boiling  lead  oxid  with  olive  oil  and  lard,  U.S.P.;  with  olive  oil,  B.P. 

Emp.  Saponis  (Emp.  Sap.),  B.P.;  Soap  Plaster. — Similar  to  preceding,  with  greater 
proportion  of  soap. 

MECHAinCAL  FROTECTIVES 

Certain  substances  which  are  used  for  this  purptose  may  be  mentioned 
in  this  place. 

PREPARATIONS— MECHANICAL   PROTECTIVES 

*^*CoUodium  (CoUod.),  U.S.P.,  B.P.;  CoHodion.— A  4  per  cent,  solution,  U.S.P., 
2.1  per  cent.  B.P.,  of  Pyroxylin  (gun-cotton)  in  a  mixture  of  3  vol.  of  ether  and  i  vol, 
of  ale.  Should  be  kept  in  a  cool  place  remote  from  fire.  Clear,  or  slightlv  opalescent, 
syrupy  liquid;  colorless,  or  slightly  yellowish  and  having  the  odor  of  ether.  Highly 
inflammable.  Collodion  dries  rapidly  into  a  firm  film,  which  is  used  to  protect  smaU 
wounds.  The  film  cracks  easily  and  contracts  considerably,  exerting  pressure  on  the 
tissues.     Similar  solutions  may  be  prepared  with  acetone  or  other  solvents. 

*  Colhdium  FUxile  (Collod.  Flex.),  U.S.P.,  B.P.;  Flexible  Collodion.— Collodion 
rendered  flexible  by  the  addition  of  a  little  Castor  Oil  and  Camphor,  U.S.P.;  Castor 
Oil  and  Canada  Turpentine,  B.P.  It  does  not  contract  or  crack,  but  does  not  adhere 
quite  so  well. 

Pyroxylinum  (Pyroxylin),  U.S.P.,  B.P.;  Pyroxylin  (Soluble  Gun-cotton). — Obtained 
by  acting  on  cotton  with  a  mixture  of  nitric  and  sulphuric  acids.  Consists  chiefly  of 
cellulose  tetranitrate,  CisHi«(ONOs)<08.  Slowly  sol.  in  25  parts  of  a  mixture  of  3 
vol.  of  ether  and  1  vol.  of  ale.  (equal  vol.  of  90  per  cent.  ale.  and  eth.,  B.P.);  Sol.  in 
acetone.     Celloidin^  N.N.R.,  is  a  purified  form.    Ordinary  gun-cotton  is  a  hexanitrate. 

*Gossypium  Purijkalum  (Gossyp.  Purif.),  U.S.P.;  (Gossyp.),  B.P.;  Purified  (Ab- 
sorbent) Cotton. — The  hairs  of  the  seed  of  Gossypium  herbaceum  freed  from  adhering 
impurities  and  deprived  of  fatty  matter  (so  as  to  make  it  absorbent)  and  often  sterilizetT 
Consists  of  almost  pure  cellulose  (C«HioOO-  Used  in  bandaging,  etc.,  either  as  such, 
or  as  gauze  (Tela,  Carbasus),  lint  (Lintum),  etc.,  or  impregnated  with  antiseptics, 
astringents,  etc. 

Calcii  Sulphas  Exsiccatus  (Plaster  of  Paris,  Burnt  Gypsum),  CaSO«  +  >^HtO.— 
A  fine  white  powder,  which  sets  into  a  stone-like  mass  when  mixed  with  half  its  weight 
of  water.  Used  in  bandaging.  The  "  setting  *'  takes  place  in  fifteen  to  twenty  minutes. 
It  may  be  delayed  to  an  hour  by  the  addition  of  5  per  cent,  of  glycerin,  or  hastened  by 
the  addition  of  sodium  silicate.     Plaster  of  Paris  must  be  kept  dry. 

Liquor  Sodii  SUicaiis  {Waterglass). — A  colorless  syrupy  liquid,  of  alkaline  properties, 
but  not  corrosive.  Contains  about  20  per  cent,  of  sodium  silicate.  Forms  a  soUd 
glassy  mass  on  exposure.     Used  in  bandaging. 

Actions  of  Sodium  Silicaie, — When  given  by  the  mouth  or  skin,  this  acts  like  a 
typical  mild  alkali  without  showing  any  specific  features.  It  is  readUy  absorbed  from 
the  alimentary  canal,  and  excreted  by  the  urine.  Injected  intravenously  it  causra 
agglutination  of  blood  corpuscles,  and  consequently  intravascular  clotting. 

Silicates  are  normally  present  in  all  tissues,  but  in  very  small  amount  (Siesfri^, 
1901).  There  is  no  evidence  that  they  play  any  physiologic  rdle.  Silica  is  also  con- 
stantly present  in  hairs  and  feathers  (H.  Schulz,  1901).  It  constitutes  up  to  77  per 
cent,  of  the  total  ash  of  the  feathers  of  the  dove  (Gonnermann,  19x8). 


PHENOMENA  COMMON  TO  LOCAL  IRIUTANTS,  CORROSIVES 

AND  ASTRINGENTS 

Dnifonnity  of  Irritant  Phenomena. — The  local  actions  of  drugs  arc,  as 
a  rule,  simple  and  uniform,  since  they  can  occur  ordinarily  in  only  a  few 
situations,  especially  the  skin  and  mucous  membranes.  These  agree 
closely  in  structure  and  functions.  There  are  therefore  many  phenomena 
which  hold  true  of  all  local  irritant  poisons.  These  may  be  studied  once 
for  all,  and  present  only  minor  modiftcations  in  indi\ndual  cases. 

Chemical  Basis  of  irritation. — The  majority  of  local  poisons  produce 
the  typical  phenomena  of  inflammation  ("irritation"),  by  causing  necrosis 
,oi  protoplasm  through  coagulation,  liquefaction,  etc.  Many  of  these 
reactions  are  purely  chemic  or  physical,  and  can  be  reproduced  in  the 
test-tube  with  proteins.  Remembering  the  extreme  sensitiveness  of 
protoplasm  to  reagents,  it  will  be  readily  understood  that  almost  all 
substances — even  water — may  be  irritant  under  suitable  conditions. 

Degrees  of  Cutaneous  Irritation. — The  general  phenomena  of  irritation 
can  be  studied  very  t>pically  on  the  skin.  They  are  identical  with  the 
familiar  changes  produced  by  scalds  or  burns  of  increasing  severity. 

Rubefaction. — The  first  degree  of  irritant  action  is  shown  in  an  arterial 
and  capillary-  hyperemia,  at  tirst  active,  later  passive.  This  constitutes 
ibc  "dermatitis  erythematosa"  of  the  dermatologists.  Or,  speaking 
pharmacologically,  it  constitutes  rubefaction,  and  the  agents  which  pro- 
duce it  are  therefore  called  ncbcfacienis.  The  dilation  involves  at  first  the 
niosl  superficial  vessels,  but  progressively  also  those  of  the  deeper 
'subcutaneous  tissue,  partly  directly  and  partly  by  reflexes. 

The  congestion  is  accompanied  by  sensory  stimulation — by  itching, 
burning  or  pain.  The  intensity  of  the  pain  depends  upon  the  rapidity, 
father  than  on  the  degree  of  the  irritation.  It  is  often  succeeded  by  more 
or  less  ancslheaia. 

If  the  irritant  action  does  not  go  any  further,  resolution  takes  place 
without  leaving  any  lesions,  simply  by  a  return  of  the  vessels  to  normal. 
The  pain  may  outlast  the  congestion.  The  upper  layers  of  the  skin  are 
liMially  desquamated. 

If  the  action  is  stronger  than  rubefaction,  it  may  pass  into  vesication 
orpustulntion. 

Injiixmmatory  Edema. — Increased  permeability  of  the  vessels  is  one  of 
t^  early  phenomena  of  acute  inflammation.     It  results  in  edema. 

The  permeahiiiiy  to  dissolvtd  mb$iances  is  also  incrcased.  For  instance,  when 
t^Tttn  is  injected  by  vein,  it  appears  much  more  abundantly  in  the  aqueous  humour 
^  aa  inflamed,  than  of  a  normal  eye  (P.  A.  Lewis,  1916). 

Urtictria. — Localized  edema  of  the  corium  is  a  rather  special  mild  inflummalory 
'wciion  to  many  drugs,  particularly  in  susceptible  indiNiduals.  It  may  occur  on  8>'5- 
tonic  administration,  or  more  readily  by  application  to  the  scarified  skin.  It  is  not 
*3iiBd  therapeutically.  The  more  important  druKs  pro<lucing  this- effect  are:  morphin 
«>d  iu  esters;  histamin  and  peptone.  Milder  grades  occur  with  atropin,  cocain,  for- 
B^tUdiyd,  urea  and  many  amins  (SoUmann  and  Pilcher,  1917;  Sollmann,  1917)- 

Vesication. — This  occurs  if  the  inflammatory  action  results  in  the 

f,,r,n...;,.^P  of  an  exudate  greater  in  amount  than  can  be  carried  off  by 

inphalics.     Every  hv^jeremia  is  accompanied  by  an   increase  of 

on,  but  up  to  a  certain  amount,  as  in  rubefaction,  this  is  readily 

rbed.     When    this    limit  is  exceeded,  an  actual,  visible  effusion 
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results.  The  liquid  accumulates  in  the  parts  of  the  tissues  offenng 
the  least  resistance  to  distention.  In  the  case  of  the  skin,  it  penetrates 
readily  through  the  lower  layers  of  the  rete  Malpighii,  but  is  arrested  by 
the  impermeable  stratum  comeum.  It  is  therefore  confined  between  the 
upper  and  lower  layers  of  the  rete  Malpighii,  and  separates  them,  in  this 
way  causing  blisters  or  vesicles.  The  agents  which  produce  these  are 
called  vesicants  or  epispastics. 

The  vesicles  appear  as  small  points  which  gradually  coalesce  into  a 
large  blister.  The  fluid  is  at  first  clear,  but  later  becomes  turbid  by 
leucocytes.    The  sensory  stimulation  is  stronger  than  in  rubefaction. 

Resolution  takes  place  in  these  cases  without  loss  of  tissue  by  the 
formation  of  a  new  stratum  comeum  from  the  remaining  rete  Malpighii. 
The  area  may  remain  pigmented  for  years. 

If  the  overlying  and  separated  layers  of  epidermis  are  removed,  there 
is  much  chance  of  infection,  the  lower  layers  of  the  rete  Malpighii  offering 
but  little  resistance.  In  this  way  there  may  be  a  loss  of  substance  from 
secondary  infection. 

Suppurative  and  Inflammatory  Necrosis. — If  the  vesicant  is  allowed  to  act  after  the 

blister  has  been  formed,  the  infiltration  will  become  purulent,  with  deeper  destruction 
of  the  skin,  and  healing  with  scar  formation.  This  degree  of  action  should  be  avoided. 
Aseptic  Pus  Formation. — A  few  drugs  possess  a  specific  chemotactic  power  on  leuco- 
cytes; so  that  their  injection  (hypodermic  or  into  serous  cavities)  leads  to  the  collection 
of  pus,  even  when  asepsis  is  perfect.  Turpentine,  croton  oil,  petroleum,  mercury,  silver 
nitrate,  digitoxin,  cadaverin,  aleuron  suspensions,  etc.,  are  the  principal  examples. 
Turpentine  also  stimulates  the  chemotactic  action  of  b.  coU  extracts  (Hamburger, 

1913)- 

Pustulation. — This  occurs  if  the  irritant  does  not  penetrate  the  ^idermis,  but  only 
the  cutaneous  glands,  especially  if  the  add  secretion  of  these  glands  dissolves  or  liberates 
the  irritant  agent.  Discrete  and  later  confluent  pustules  are  formed,  which  heal  with 
more  or  less  "pitting."  They  produce  severe  sensory  irritation,  but  are  now  rarely 
used.    The  principal  pustulants  are  croton  oil  and  tartar  emetic. 

Influence  of  Systonic  Conditions  on  Cutaneous  Irritation. — ^Luithlen,  191 1,  found 
that  the  local  reaction  to  croton  oil  is  increased  by  feeding  with  acids  or  oxalates  and 
diminished  by  calcium.  Different  diets  also  modify  the  susceptibility.  These  systemic 
influences  may  be  connected  with  the  great  variations  in  the  susceptibility  of  di0erent 
individuals  to  cutaneous  irritants;  and  with  such  skin  diseases  as  eczema,  which  do  not 
seem  to  be  explainable  by  local  irritation.  There  are  also,  however,  local  differences 
in  susceptibility,  and  if  an  irritative  reaction  has  once  been  induced,  the  skin  remains 
hypersensitive  for  some  time. 

Dermatitis  from  Systemic  Drugs. — Many  drugs  cause  a  dermaliiis^  when  they  are 
given  by  mouth  (belladonna,  arsenic,  iodoform,  quinin,  salicin,  antipyretics,  iodids 
and  bromids,  digitalis,  chloral,  chloroform,  etc.).  This  is  sometimes  due  to  changes 
in  the  cutaneous  circulation,  sometimes  to  the  excretion  of  the  drug  by  the  skin.  It 
may  take  the  form  of  scarlatinal,  desquamating,  urticarial  or  papular  rashes  or  acne. 

The  most  common  sources  of  drugs  eruption  may  be  grouped,  according  to  M- 
MacComar,  as  follows: 

Erythematous  or  Polymorphic  Eruption. — Antipyrin;  arsenic  (including  s^varsan); 
benzoic  acid;  boric  add;  bromids,  copaiba,  chloral,  iodid,  morphin,  quinin,  salicylates. 

Scarlatiniform  Rashes. — Antipyrin,  atropin,  benzoate,  belladonna,  chloral,  iodoform, 
ipecac,  mercury,  salicylates,  sulfonal. 

Urticaria. — Benzoate,  copaiba,  cubebs,  iodid,  quinin,  salicylates,  valerian. 

Purpura. — Antitoxin,  arsenic,  chloral,  copaiba,  cubebs,  iodid,  mercury,  quinin, 
sulfonal. 

Morbilliform  Eruptions. — Antipyrin,  antitoxin,  belladonna,  copaiba,  cubebs,  mer- 
cury, opium. 

Eczema  does  not  result  from  the  internal  administration  of  drugs. 

Corrosion,  cauterization,  or  direct  destruction  of  tissue  results  if  the 
agent  (cauterizant  or  escharotic)  acts  chemically  on  the  protoplasm,  as  do 
strong  acids  or  alkalies^  iodin  or  bromin,  some  metallic  salts,  etc.    This 
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leads  to  the  production  of  a  scab  or  "eschar;"  and  resolution  by  scar 
formation. 

Areas  of  Corrosion. — The  chemic  destruction  of  tissue  is  generally  pre- 
ceded by  inUammatory  necrosis.  Chemic  cauterization  therefore  shows 
three  areas:  The  first,  situated  at  the  depth  and  periphery  of  the  ulcer,  is 
simply  an  arta  of  intlararaation  and  hvperemia.  Then  follows  a  layer  of 
necrotic  tissue,  the  result  of  the  inflammatory  action;  and  last,  a  layer  in 
which  the  chemic  cauterization  results  in  solution  of  the  cells  which  have 
already  been  killed  by  the  inflammatory  process.  These  three — hypere- 
mia,  inflammatory  necrosis,  and  chemic  solution — are  to  be  considered 
as  successive  stages  in  the  same  action ;  and  by  proper  dilution,  the  second 
or  first  degree  of  action  may  be  obtained  without  the  succeeding  stages. 
Tk£  Eschar. — This  (scab)  is  formed  after  corrosion  by  the  coagulation 
of  the  inflammatory  exudate  and  by  the  chemical  products  (albuminates, 
etc.)  of  the  interaction  of  the  corrosive  agent  with  this  exudate  and  with 
the  killed  cells,  .\ccording  to  whether  the  proteins  are  dissolved  (as  by 
alkalies)  or  precipitated  (as  by  most  metaisl,  the  scab  will  be  soft  or  hard. 
This  has  an  important  bearing  on  the  penetration  of  the  corrosive  agent: 
if  the  scab  is  soft,  the  chemical  will  penetrate  it,  and  will  spread  and  extend 
deeply.  On  this  account  the  alkalies,  for  instance,  are  not  practical  for 
the  puiposc  of  cauterization.  If,  on  the  other  hand,  the  scab  is  solid,  it 
prevents  deeper  penetration,  so  that  the  action  can  be  easily  confined 
Vo  the  desired  areas. 

Astringent  Action. — Agents  which  have  a  strong  precipitant  action 
produce  a  relatively  mild  irritation;  and  if  their  concentration  is  not  too 
high,  their  primar>'  inflammator>'  effect  does  not  proceed  to  necrosis;  on 
the  contrar\%  it  leads  to  diminution  of  any  existing  inflammatory'  process. 
This  *' astringent "  (drawing  together)  action  is  characterized  by  visible 
wmtiaction  of  the  tissue;  blanching  and  wrinkling  of  mucous  membranes; 
ind  diminished  exudation,  or  secretion  of  mucus,  according  to  the  place 
of  application.  These  agents  also  possess  a  peculiar  "astringent"  taste. 
The  effects  are  probably  due  to  precipitation  and  hardening  of  the  cement 
^ubsiance  of  the  capillary  endothelium,  producing  contraction  and  de- 
ooLsing  the  permeability  of  the  capillaries;  and  thus  counteracting  the 
tlial  phenomena  of  inflammation  (congestion  and  exudation). 
.\siringents  are  used  therapeutically  to  check  diarrhea,  reduce  in- 
immation  of  mucous  membranes,  promote  healing,  and  to  arrest 
f*cnK)rrhage  (by  coagulating  the  blood). 

Thf  prificipal  astringcfUs  are:  metallic   salts,   tannins,  dilute    acids, 
■id  strongly  h\'perlonic  solutions. 

iftaiion  of  Astringent  Attion, — The  manner  io  which  this  astringent  action  is 

aljout  is  only  imperfectly  understood.     All  astringents  produce  precipitation 

tdns.  and  this  seems  lo  be  the  cause  of  tlie  astringent  action.     To  explain  this 

It  Io*  been  a&sumcd  that  these  precipitates  form  a  lining  along  the  capillary  walls,  and 

toihji  way  add  an  additional  coat,  as  it  were,  to  each  capillary.     It  seems,  however, 

■*cb  mote  likely  that  they  act  by  coagulating  the  ordinary  semifluid  cement  substance 

^^••en  the  endothelial  cclU,  and  that  this  prevents  the  titration  of  fluids,  and  the 

jBiaUon  of  cells.     The  silver  ** staining"  of  endotheiia  by  silver  nitrate  is  a  visible 

■*rt?»tion  of  this  fixation  of  the  cement  substance.     The  diminished  mucus  secretion 

**t*riup9  due  to  a  umilar  superficial  coagulation  of  the  cell  envelope.     The  blanching 

ttNlpuittring  (produced  only  by  the  more  concentrated  solutions)  13  due  to  the  coagu- 

'-  -nus  10  cooking.     The  abaorptiojt  of  already  formrd  effiniony,  following  the 

'  .i;ents.  may  jjossibly  be  explained  by  osmotic  laws:  Uy  precipitating  the 

i  these  cfTusions,  they  lower  tncir  molecular  concentration,  and  render  them 


*^  rliffu5iblc 


Not   all   protein  precipitants  arc  practical   astringents.     The  pre 
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cipitant  action  must  be  of  a  special  kind.  It  must  be  produced  very  quickly,  and  the 
precipitate  must  be  practically  impermeable  to  the  precipitant.  Otherwise  the  pre- 
cipitant action  would  extend  so  deeply  as  to  lead  to  extensive  necrosis,  and  would  thus 
continue  the  inflammatory  process. 

QttarUUaiive  Estimation  of  Astringent  Action, — This  has  been  measured  by  Motolese, 
1910,  by  noting  the  degree  in  which  the  extensibility  of  frogs'  lungs  is  reduced  after 
immersion  in  the  astringent  solutions  (Dreser's  method).  With  i  per  cent,  solutions, 
the  order  was:  silver  nitrate  >  tannin  >  lead  subacetate>  picric  acid  >  lead  acetate  > 
alum  >  zinc  sulphate. 

Astringency  may  also  be  studied  by  the  suppression  of  mucus  secretion  from  the 
frog's  skin  (Schuetz);  and  more  simply  by  the  tanning  of  blood  corpuscles  or  even  by 
quantitative  precipitation  of  proteins  (SoUmann,  1920). 

Astringent  Effects  are  Strictly  Local. — Since  astringents  are  precipitated 
by  proteins,  they  can  not  be  absorbed  nor  exist  in  the  blood  or  tissues, 
in  effective  form.  It  is  therefore  irrational  to  expect  a  remote  action  from 
astringents.  The  very  facts  of  their  action  exclude  such  a  possibility. 
Before  this  was  well  understood  it  was  tried  to  obtain  astringent  action 
throughout  the  body  by  external  application  or  by  giving  astringents  by 
the  mouth.    The  want  of  success  confirmed  what  has  just  been  said. 

Astringents  on  Peristalsis. — In  the  intestinal  canal  the  astringents 
form  a  deposit  along  the  lumen  of  the  intestine,  and  in  this  way  diminish 
absorption,  and  also  the  penetration  of  other  irritant  substances,  in  this 
way  lessening  peristalsis. 

Initatioii  of  Mucous  Membrane. — Differences  in  detail  are  seen  when 
irritants  are  applied  to  other  surfaces  than  the  skin;  for  instance,  to  the 
mucous  membranes.  These  are  readily  explained  by  anatomic  peculiari- 
ties. There  will,  for  instance,  be  less  tendency  to  vesication,  since  the 
epithelium  is  not  impermeable,  as  it  is  in  the  skin.  The  oral  mucous 
membrane  presents  a  transition;  it  blisters,  but  less  readily  than  the  skin. 
Pustulation  can  not  occur,  since  this  depends  upon  the  cutaneous  glands. 
On  the  other  hand,  the  mucous  glands  will  be  stimulated  to  an  increased 
activity,  producing  "catarrhoT'  conditions. 

Gastroenteritis. — ^The  effects  of  irritants  on  the  alimentary  tract  present 
some  special  features;  the  effects  being  stomachic,  carminative,  nauseant 
or  emetic;  diarrhea,  dysentery;  abortion;  corrosion  and  perforation; 
according  to  the  nature  and  degree  of  their  action. 

Respiratory  Passages. — If  an  irritant  poison  is  volatile,  its  main  effects 
may  fall  upon  the  respiratory  passages.  The  general  phenomena  arc 
those  of  acute  laryngitis,  bronchitis,  or  pneumonitis.  Similar  effects 
follow  the  aspiration  of  non-volatile  irritants. 

Local  Irritation  of  Wounds  and  Ulcers. — The  effects  are  usually  more 
marked  than  on  the  intact  skin.  Even  the  milder  irritants  destroy  the 
superficial  cells,  especially  if  diseased;  but  the  deeper  cells  multiply  more 
rapidly,  partly  through  direct  stimulation  and  parUy  through  the  hypere- 
mia. Mild  irritants  therefore  promote  healing.  Astringents,  balsams, 
quinin,  salts  and  even  water  have  this  therapeutic  action. 

Hypodermic  Injection  of  Irritants. — These  produce  more  or  less  pain^ 
and  often  aseptic  abscesses.  The  danger  of  infection  is  also  considerable 
if  the  tissues  are  killed  by  the  irritant.  With  intramuscular  injection, 
the  pain  is  less  severe. 

Antiseptic  Action. — All  irritants  are  somewhat  antiseptic  for  they  de- 
stroy the  protoplasm  of  the  bacteria  just  as  they  do  that  of  the  tissue  cells. 

Concentration. — The  degree  of  the  local  action  depends  usuaUy  upon 
the  concentration,  rather  than  on  the  absolute  quantity  of  the  irritant. 
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A  small  quantity  of  concentrated  acid  will  do  much  more  damage  than 
much  larger  quantities  diluted;  as  a  gram  of  MgSO*  in  solid  form  intro- 
duced into  a  solution  may  precipitate  all  its  globulin,  while  an  unlimited 
quantity  may  be  added  in  5  per  cent,  solution,  without  any  such  effect. 
Specific  Diflferences  Between  the  Different  Irritants. — These  affect 
the  strength  of  tht-ir  action  in  different  situations.  Some,  for  instance, 
seem  to  act  especially  on  the  alimentary  canal,  and  to  a  very  small  extent 
on  the  stin.  This  is  probably  connected  with  differences  of  absorbability. 
A  drug  which  can  not  penetrate  the  skin,  can  not,  of  course,  act  upon  it. 
It  will  be  remembered  that  the  epidermis  is  impermeable  to  most  sub- 
stances. In  order  to  penetrate,  these  must  be  either  fat  soluble  like 
croton  oil  or  turpentine;  or  they  must  actually  destroy  the  epidermii, 
like  caustics. 

Irritant  Effects  after  Absorption. — None  of  the  irritants  acts  indiscrimi- 
nately on  Uic  body  at  large.  Many  are  not  absorbed;  and  even  when 
absorption  occurs  they  are  too  greatly  diluted  to  have  much  effect, 
except  at  the  place  of  their  absorption  and  excretion;  i.e.,  the  liver  and 
Itidncys.  Other  tissues  are  involved  only  if  the  administration  is  long- 
continued,  as  in  alcohol  or  lead  poisoning.  Such  chronic  intoxications 
lead  to  increase  of  connective  tissue,  arteriosclerosis,  cirrhosis,  etc. 

Drug  Nephrites. — These  are  produced  by  all  absorbable  irritants  and 
often  occur  acutely.  The  inflammation  may  involve  all  the  renal  tissues; 
or  it  may  be  predominantly  glomerular  or  parenchymatous,  according 
to  the  (Xiison.  Continued  administration  leads  to  interstitial  nephritis. 
The  inflammation  is  characterized  by  albuminuria,  casts,  and  the 
histologic  lesions.  The  urine  flow  is  increased  in  the  early  stages,  and 
decreased  later  (Schlayer  and  Hedinger,  1907).  The  excretory  efficiency 
^diminished  (Eisenbrcy,  191 1,  I9r3},  as  estimated  by  the  phenolsulphone- 
phihalein  test  of  Geraghty  and  Rowntree,  191 1.  The  changes  in  nitrogen 
»nd  chlorid  excretions  are  complex  (Austin  and  Eisenbrey,  iqxi).  The 
nitrogen  excretion  is  decreased  in  tubular  nephritis  (uranium),  not  in 
^menilar  (arsenic).  Retention  of  nitrogen  in  the  blood  occurs,  especially 
^  tubular  nephritis  (Foster,  1915).  Renal  glycosuria  may  occur  (E. 
^' '  "k.  1913;  Pollak,  1911);  also  hepatic  edema  (Opie,  1912),  and  some- 
'/•'■'■  slight  myocardial  changes  (Walker,  1911).  Hemorrhagic  nephritis 
is  seen  with  cantharides,  turpentine,  formaldehyd,  etc.  Edema  occurs 
«flly  with  uranium,  at  least  in  animals.  The  restoration  of  the  blood- 
volumc  after  saline  injections  is  delayed  in  uranium,  chromate  and  tartrate 
fttphritis  (Bogart,  Underbill  &  Mendel,  1916;  Boycott,  1913  and  1914; 
Cliisbolm,  1914) 

llperiinental  Nephrites. — These  have  been  extensively  investigated  (bibliography  in 
I'M.  Pearce,  lyro). 

Tuhuiar  rutphriiis  wUh  lillU  or  no  primary  glomerulnr  injury  is  produced  by  uranium, 
chntnatc,  mercuric  chlorid  and  alom.     The  anatomic  changes  in  the  curly  stages  of 
fcniam  unH  ehromtitr.  nephritis  AXt  confined  essentially  to  the  tubules,  especially  the 
ivolmcd;  they  consist  of  granular  and  fatty  degeneration  and  necrosis.     Mercury 
littularly  but  mainly  on  the  ascending  loops  of  Ucnlc,  with  deposition  of  lime  salts. 
»eruli  are  at  lirst  unaffected  but  later  show  thickening  of  the  captllar>*  walls, 
jlar  disturbances  can  be  shown  by  physiologic  methods. 
CLhiKru/dr  .\Upkrilis. — This,  generally  with  some  secondary  involvement  of  the 
ll*^.  i^  produced  by  arsenic,  cantharides  and  snake  venom.     Diphtheria  toxin  acts 
-'iclures;  and  many  other  irritants  act  diffusely.    The  anatomic  changes 
It;  to  the  poisons.     Arsenic  produces  little  or  no  anatomic  change,  except 
'uiioa  ul  the  capilbrv  tufts,  filling  Bowman's  capsules.     Physiologic  methods,  how- 
ihow  wrious  vascular  injury.     The  carUharuJes  changes  involve  both  the  glomeni- 
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lar  tufts  and  space.  The  capsules  are  filled  with  desquamated  cells,  whose  origin  is 
disputed.  There  is  also  functional  vascular  injury.  The  functional  changes  are  not 
proportional  to  the  anatomic. 

Chronic  Nephritis. — This  is  difficult  to  produce  experimentally,  the  acute  experi- 
mental lesions  usually  ending  in  rapid  and  complete  recovery.  Positive  results  nave 
been  obtained  by  OphiUs  with  lead,  by  Dickson  with  uranium,  and  by  Klotx,  1914,  with 
infections. 

Reflex  Effects  of  Irntants. — Stimulation  of  sensoiy  areas  acts  reflexly 
on  the  vasomotor,  cardiac,  respiratory  and  other  centers,  producing 
changes  in  the  circulation,  respiration  and  other  functions.  These  vary 
according  to  the  place,  extent,  speed,  intensity  and  kind  of  the  stimulation. 
As  "  counterirritation  "  they  are  used  extensively  in  therapeutics. 

The  Respiratory  Reflexes. — These  are  of  special  therapeutic  impor- 
tance. They  differ  according  to  the  state  of  the  center:  if  the  respiratory 
center  is  depressed,  as  in  collapse,  morphin  poisoning,  anesthesia,  asphyxia, 
etc.,  moderate  counterirritation  produces  marked  stimulation;  and  if  the 
collapse  is  not  too  deep,  natural  respiration  may  be  restored. 

If  the  respiration  is  normal,  mild  cutaneous  irritation  may  either  slow  or  quicken  the 
rate.    If  the  irritation  is  strong,  the  respiration  is  always  slowed.    Sudden  and  extensive 
stimulation,  as  by  cold  douches,  produces  momentary  standstill,  followed  by  deep- 
inspirations. 

Consciousness. — This  is  also  often  revived  by  counterirritation,/.*.,  in 
fainting  or  light  coma.  The  usual  measures  for  this  purpose  are  dashing 
with  cold  water,  slapping  with  wet  towels,  or  inhalation  of  dilute  ammonia 
vapor  (smelling  salts  or  aromatic  ammonia). 

Circulation. — Mild  cutaneous  stimulation  (/.«.,  blowing  on  the  skin) 
tends  to  produce  widespread  vasoconstriction  and  therefore  some  rise  of 
blood  pressure  (Gruetzner  and  Heidenhain,  1877).  The  vasoconstriction 
involves  mainly  the  cutaneous  vessels,  except  those  which  are  dilated  by 
direct  contact  with  the  irritant.  The  renal  vessels  are  also  constricted, 
while  those  of  the  brain  are  dilated  (Wertheimer;  Roy  and  Sherrington). 
The  cutaneous  vasoconstriction  tends  to  raise  the  internal  temperature. 
The  heart  rate  is  quickened  (Naumann). 

Vasomotor  Reflexes. — Mild  stimulation  of  sensory  nerves  generally  produces  a 
slight  depressor  action;  stronger  stimuli  cause  a  pressor  effect,  increasing  with  the 
intensity  of  the  stimulation  (Stiles  and  Martin,  19x5). 

With  stronger  stimulation  of  the  skin,  the  vasoconstriction  is  soon  followed  by  dilation, 
fall  of  blood  pressure  and  of  internal  temperature.  The  effects  may  be  less  than  with 
mild  irritation. 

Hypodermic  Injection  of  Mild  Irritants. — The  injection  of  ether,  camphor,  whiskey 
or  oil  of  turpentine  generally  produces  a  slight  and  transient  rise  of  blood  pressure;  the 
effect  differmg  quantitatively  according  to  the  site  of  the  injection,  being,  for  instance, 
greatest  from  the  nasal  septum .  The  effect  fails  when  the  vasomotor  center  is  depress^, 
as  in  deep  anesthesia,  shock  or  hemorrhage  (Lieb  and  Herrick,  1917). 

Gastro-intestinal  Irritation. — SoUmann,  Brown  and  Williams  (1907)  have  shown 
that  irritation  of  the  stomach  or  peritoneum  has  practically  no  effect  on  the  blood 
pre^ure  in  anesthetized  animals,  even  when  the  anesthesia  is  light.  There  is  generally 
a  marked  increase  of  respiration,  and  sometimes  a  slight  and  momentary  rise  of  blood 
pressure,  but  no  fall  is  noticed  for  several  hours.  This  holds  true  both  for  mUd  irritants, 
such  as  peppermint,  mustard  or  moderate  heat;  and  for  strong  corrosion  by  formaldehyde 
concentrated  acids,  or  actual  cautery,  even  when  these  measures  produce  perforation. 

Irritation  of  the  Mouth  and  Larynx. — This  produces  very  much  more  marked  effects 
(SoUmann);  even  contact  with  5  per  cent,  aceric  acid  causes  struggling,  convulsive  rise 
of  blood  pressure  and  dyspneic  respiration. 

Volatile  Iiritants  on  BIood-jMressure. — The  vapors  of  strong  smelling  substances. 
when  applied  to  the  nose  of  rabbits,  raise  the  blood  pressure;  but  lower  it  when  appUra 
to  the  trachea.    Both  effects  are  reffex  (Vamada,  1920). 
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Reflex  Shock. — Violent  and  extensive  conoaon  may  produce  immediate  "shock," 
which  may  be  promptly  fatal.  This  appears  to  consist  essentially  in  profound  inhibi- 
tion of  the  nervous  system.  Since  it  is  not  produced  in  anesthetized  animals,  at  least 
with  anything  like  the  same  rapidity,  it  tnust  be  due  to  psychic  factors — apprehension, 
pdn  and  others — rather  than  to  reflexes  in  the  ordinary  sense.  However,  long-con- 
tinued irritation  of  the  viscera  gradually  produces,  even  in  anesthesia,  a  condition 
(surgical  shock),  which  is  allied  to,  if  not  identical  with,  acute  traumatic  shock. 

Hetabollam. — Mild  stimulation  of  extensive  skin  areas  (salt-water  baths)  increase 
metabolism.  Paalzow  found  increased  oxygen  consumption  and  carbon  dioxid  excre- 
tion on  applying  sinapism  to  animals;  Zuntz  and  others  have  demonstrated  increased 
Tutiogen  excretion. 

*T)erivative"  Action. — The  surface  application  of  irritants  may  subdue 
infiammation  in  deep-seated  organs.    This  counter  irritation  was  formerly 


PJbthifilA.  .^ 
Pericarditia  or  plmnsv. 

FlyinS  blister  or  viiu* 
pism,  in  pleuHay  ot 
pneamonu.. 


Chronic  thick«ninfi 
ftfter  peritypkUtu. 


Acate  T^rai3iati«}TL 


Laryngitis,  hysteric 
aphonia. 
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Ovarian  irritation. 


Gout. 


"''•  I**— Diagram  of  the  body  showing  some  of  the  points  where  blisten  or  sinapisms  are  usually 
applied.     Front  view. — {Brunton.) 

apposed  to  act  by  mechanical  withdrawal  of  the  blood  from  the 
infiamed  area  to  the  area  of  "counterirritation."  This  explanation  is 
incorrect.  It  is  now  believed  that  the  circulation  in  the  distant  organs  is 
modified  by  reflexes  along  homologous  nerve  paths — in  a  sense  a  reversal 
of  the  "referred  pain"  which  occurs  in  definite  skin  areas  when  the  cor- 
f^nding  viscera  are  irritated  (Head).  This  would  explain  the  old 
fnipirical  observations  that  the  counterirritation,  to  be  most  effective, 
must  be  applied  at  a  definite  place  for  each  internal  inflammation  (Figs. 
jfl  and  36). 

Cold  applied  to  one  hand  constricts  the  vessels  of  both  hands,  and  heat  dilates  them 
{G.N.  Stewart,  1913;  Hewlett,  1913).    Irritation  of  the  hand  by  mustard  does  not  in- 
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crease  the  local  blood  flow,  as  would  be  expected  from  the  rubefaction  (Wood  and  Weis- 
man,  igxa;  Hewlett,  19x3). 

Influence  of  Pain  on  Inflammation. — Bardy,  1914,  confirms  Spiess  and  Bruce  that 
inflammatory  phenomena  may  depend  on  sejtsory  disturbances  (pain,  reflex  hyper- 
emia, etc.).  The  reflex,  however,  is  quite  peripheral.  For  instance,  mustard  conjunc- 
tivitis is  prevented  by  local  anesthetics  or  by  aivision  of  the  peripheral  nerves,  but  not 
by  section  of  the  ramus  ophthalmicus.  It  is  prevented  by  nicotin,  so  that  Uie  reflex 
must  involve  the  ganglia.  Central  anesthetics,  ether  or  morphin,  also  prevent  the 
inflammation.  Other  substances  having  a  similar  effect  are:  caldum  chloria,  antipyrin, 
quinin,  salicylates,  atophan,  bromids,  etc.;  and  substances  yielding  available  oxygen. 
(Ambcrg,  Locvenhart  and  McGure,  1917.) 


Bpistaxis,  cerebral  con- 
gestion, delirium,  and 
tendency  to  coma,  or 
constant  wakefulness, 
in  fever,  headache, 
giddiness,  tinnitus  au* 
num. 

Hemoptysis. 


Intercostal  neuralgia. 


Rheumatic  gout. 


Headache,  giddiness,  tinmtos 
aurium,  ophthalmia. 


Plying  blister  or  sinapism,  in 
pleurisy  or  pneumonia. 


Dysmenorrhea,  spinal  irrita- 
tion, leucorrhea. 


^Sciatica. 


Sciatic 


Pig.  3&. — Diagram  of  the  body  showing  some  of  the  points  where  blisters  or  sinapisms  are  usually 
applied.     Back  view. — {Brunton.) 

Changes  in  the  Blood. — Irritation  of  the  skin  produces  changes  in  the  blood  which. 
may  influence  inflammation:  Winternitz,  1896,  found  at  first  leucopenia,  then  leuca- 
cytosis.  Van  den-Velden,  1912,  claims  that  the  coagulability  of  the  systemic  blood  is 
increased  by  a  number  of  local  irritant  and  especially  vasoconstrictor  processes  (ice 
to  the  skin;  astringents  or  epinephrin  to  the  mouth;  cocain  to  the  nose;  turpentine 
inhalation,  etc.). ' 

Relief  of  Pain  by  Counterinitation. — This  is  partly  explained  by 
homologous  reflexes;  but  largely  also  by  the  diversion  of  the  attention 
of  the  patient  from  the  disease-pain,  to  the  usually  more  bearable 
sensations  of  the  counterirritant. 

Therapeutic  Indications  of  Cutaneous  Irritation. — This  is  employ^ 
mainly  in  the  following  conditions: 

I.  In  certain  skin  diseases^  for  the  local  effects — alkalies,  sulphur, 
chrysarobin,  etc. 
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2.  To  promote  diaphoresis — alcohol,  frictions,  heat,  etc 
V  For  reflex  stimulation  of  the  central  nervous  system,    in  fainting, 
ellipse,   narcotic   poisoning,   accidents   of   anesthesia,    etc. — ammonia 
ilation,  heat  or  cold. 

4.  To  alter  the  distrilnUion  of  bloody  to  prevent  colds — mustard;  to 
relieve  congestion  of  viscera — poultices,  vesication;  or  to  promote  the 
absorption  of  exudates — iodin,  vesication. 

Counierirritation  is,  as  a  rule,  useful  only  in  chronic  inflammation. 
In  acute  inflammation  there  is  danger  of  increasing  the  process  or  of 
causing  it  to  extend  to  neighboring  organs. 

5.  To  diminish  pain,  especially  in  neuralgic  and  rheumatic  affections — 
turpentine  and  other  volatile  oils^  capsicum,  chloroform, 

f).    I  s  a  general  tonic,  in  the  form  of  salt-water  baths  or  alcohol  frictions. 

Therapeutics  of  Cauterization. — Cauterization — the  destruction  of 
tiisue— is  sometimes  employed  for  severe  counierirritation,  but  particularly 
\o  remove  tisstu:  (i)  In  cases  of  poisoning,  snake-bite,  etc.;  (2)  for  the 
removal  of  pathologic  tissues,  tumors,  warts,  etc.;  (3)  indolent  granu- 
lations, etc.;  (4)  to  cause  cicatricial  contraction  of  hv'pertrnphied  mucous 
membranes  (nose,  etc.);  (5)  for  removing  the  nerves  of  teeth;  and  (6)  to 
Ttmove  superfluous  hair. 

In  many  cases  the  chemic  cautery  has  been  replaced  by  galvano-  and  thermocautery, 
«bchare  more  prompt  and  permit  a  more  exact  limitation  of  the  cauterized  area.  On 
tiie  other  band,  the  slower  cflect  of  chemic  aiustius  is  of  advantage-  in  (>crmittinK  a 
pidulion  in  Ihe  strength  of  the  action,  or  in  confining  it  to  certain  tissue  elements, 
fitbologic  formations,  being  less  stable,  are  in  this  way  more  profoundly  altered  than 
Mcn&I  tissue. 

TV  caustics  may  be  applied  in  solid  form  (sticks,  or  fused  at  the  end  of  a  probe),  in 
ps*«,or  in  solution — the  nrst  being  the  most  strictly  localizabtc,  the  last  the  most  dif- 
IttJt  In  the  latter  case,  or  when  the  cscbar  liquefies,  the  surrounding  tissue  should  be 
prwectcd  by  court -plaster. 

General  Toxicology  of  Irritants. — The  phenomena  produced  by  irritant 

poisons  depend  in  the  first  place  upon  the  part  of  the  body  with  which 
t^arc  brought  into  immediate  contact.  The  most  prominent  symptoms 
*nj«from  the  skin,  alimentar>'  canal,  or  respiratory  organs;  the  last  only 
r^  the   case    of    volatile    poisons.    Later  symptoms  may  appear    in 

urinary  organs. 

The  extent  of  the  action  depends  upon  the  concentration  of  the  poisons, 

lime  during  which  they  act,  and  the  extent  of  surface  with  which 
come   into  contact — less  upon   their  absolute  amount.     If    taken 

the  alimentary  canal,  their  action  is  also  modified  by  the  presence  of 


Cttterization  of  the  Skin. — This  may  l>e  accidental  or  criminal.    In  the  latter  case 

ksBMuiUy  liy  sulphuric  acid  (**Vilrior')-     The  rrsuHs  are  the  same  as  in  the  case  of 

atmii\T  bums.    The  diagnosis  offers  no  difficulty.    The  character  of  the  stains  is  that 

!  in  the  next  section.     SuiEcicnt  of  the  corrosive  can  generally  be  collected 

clothing,  etc..  to  establish  its  identity  by  chemic  means.     The  treatment  is 

that  for  bums,  after  previous  neutralization  and  removal  of  the  corrosive 

<  ^  and  oils  are  useful. 

Ciuitics  in  the  Eye. — These  are  Iwst  washed  away  by  liberal  application  of  vrzltt^ 

Caustic  Poisoning  by  the  Alimentary  Canal. — The  introduction  o? 
<mA!.ics  by  the  mouth  is  generally  accidental  or  suicidal.  The  effects  are 
J"'  l>ainful.  appear  so  promptly,  and  the  lesions  are  so  persistent,  that  they 
*^'uld  scarcely  be  used  in  criminal  poisoning — except  possibly  in  infanti- 
ode,    Catistic  are  sometimes  taken  by  mistake  for  syrup  or  other  medicine, 
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and  may  be  swallowed  before  the  different:e  is  noticed.     However,  certain   " 
organic  irritants,  usually  insoluble,  such  as  croton  oil,  do  not  produce  their 
action  for  some  Lime.  m 

The  phenomena   vary  according  to  whether  the  irritant  produces  f 
actual  cauterization— a  destruction  or  solution  of  the  tissues;  or  whether 
it  causes  only  intlammation. 

Irritants  Which  Do  Not  Destxoy  the  Tissue.— To  this  class  belong 
elaterium,  croton  oil,  and  most  of  the  other  organic  irritants,  such  as 
volatile  oils,  formaldehyd,  etc. 

The  symptoms  arc  those  of  a  violent  ^astroenlerUis:  nausea,  vomiting, 
and  diarrhea.  If  the  poison  acts  only  when  dissolved,  and  is  insoluble 
in  the  stomach,  as  is  croton  oil,  the  nausea  and  vomiting  may  not  be 
present,  but  only  the  diarrhea.  The  symptoms  will  appear  correspond- 
ingly late.  The  abdomen  is  usually  distended  and  extremely  painful. 
especially  upon  pressure.  As  a  result  of  the  gastroenteritis,  there  is 
extensive  dilatation  of  the  splanchnic  area,  and  consequently  withdrawal 
of  blood  from  other  parts  of  the  body.  This  produces  marked  changes 
in  the  circulation.  The  pulse  is  soft,  small,  and  quick.  The  lowered 
circulaiion  reacts  upon  other  organs,  and  most  conspicuously  upon  the 
central  nervous  system.  There  is  great  anxiety,  vertigo,  delirium,  convul- 
sions, then  coilapse,  and  finally  coma  and  death.  This  picture  is  conninon  m 
to  the  entire  series  of  irritant  poisons.  fl 

Abortion.— The  hyperemia  is  not  confined  to  the  intestine,  but  extends 
to  all  the  abdominal  organs,  which  therefore  partake  in  the  inflammation, 
although  they  do  not  come  into  direct  contact  with  the  irritant.     The  most 
important  organ  involved  in  this  is  the  uterus,  and  the  organic  irritants     i 
have  been  used  to  procure  criminal  abortion.     Oil  of  savin,  of  tansy,  fl 
and  of  pennyroyal  enjoy  a  special  reputation  in  this  connection,  but  any  ™ 
other  irritant  produces  the  same  result.     The  ecbolic  eflFect  is  only  second- 
ary to  the  gastroenteritis,  and   the  latter  is  very  often  fatal  without 
accomplishing  the  object  for  which  it  was  produced. 

The  postmortem  appearances  are  those  of  gastroenteritis,  and  in  cases 
of  suspected  criminal  abortion  this  must  be  of  sufficient  extent  to  explain 
the  fatal  issue.  The  pathologic  condition  consists  in  an  intense  congestion 
of  the  entire  alimentary  canal,  often  with  inflammatory  exudate  into  the 
lumen  of  the  intestine.  The  congestion  may  be  so  violent  as  to  produce 
ecchymoses.  If  these  arc  present,  the  vomit  and  stools  are  tinged  with 
blood  during  'life.  Destruction  of  tissue  is  rare.  It  may,  however, 
occur  from  gangrene  due  to  the  interference  with  the  circulation. 

The  Fixed  Caustics. — The  most  important  are  the  mineral  acids; 
oxalic  acid,  which^  however,  stands  apart  on  account  of  its  specific  toxic 
action;  other  organic  acids,  the  alkalies  and  their  carbonates;  the  haloid 
substances,  bromin,  chlorin,  and  iodin.  Phenol  and  the  metallic  salts  arc 
also  to  some  extent  corrosive,  but  not  usually  suflicienlly  so  to  produce  per* 
foration.  The  alkalies  and  bromin  produce  the  most  extensive  destruction 
of  tissue,  because  of  their  deep  penetration.  With  them,  the  scar 
formation  is  also  the  most  extensive. 

Corrosive  effects  occur  especially  in  those  situations  which  are  in  p 
longed  contact  with  the  caustic:  the  lips;  mouth  and  phar>-nx;  esophagus 
at  its  beginning  and  end,  and  where  it  crosses  the  left  bronchus;^  and  the 
stomach,  especially  the  pyloric  end^  (because  the  caustic  follows  the  lesser 

1  E.  V.  Hoffmann.  Atlu  of  Les&l  Medicine.  W.  B.  Saunden.  1S98.     Pt8».  1S6  and  187. 
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curvature  and  accumulates  at  the  pylorus).     The  firm  closure  of  the 
pylorus  furnishes  more  or  less  protection  to  the  intestines. 

Characteristic  Appearance  of  the  Corrosions  and  Stains. — These  are  of 
diapioslic  importance,  since  ihey  may  be  recognized  about  the  mouth 
during  life: 

.llkalies  cause  transparent  swelling  of  the  epithelium,  which  will  detach 
as  a  gelatinous  mass,  exposing  the  scarlet-colored  inflamed  area  beneath.' 
The  other  corrosives,  which  precipitate  proteins,  produce  at  first  a  grayish- 
white  opaque  stain.  This  persists  in  the  case  of  the  metallic  poisons. 
The  acids,  however,  change  the  hemoglobin  in  the  neighboring  area  into 
ihe  dark  acid-hcmatin,  and  the  color  of  the  stain  consequently  becomes 
d&rk  or  black.  Nitric  acid  is  an  exception:  its  stain  takes  on  a  yellow 
cobr.  This  differs  from  that  of  picric  acid  by  being  changed  to  orange 
by  alkalies,  while  the  picric  acid  stain  remains  unaltered.  Bromin  pro- 
duces a  characteristic  light  brown  or  orange  stain;  iodin  stains  a  mahogany 
color.    The  silver  stain  turns  black  after  a  time. 

Removal  of  Stains. — The  stains  of  iodin  and  silver  are  frequently  a 
source  of  annoyance.  They  can  be  readily  removed:  The  iodin  by 
ammonia  water  or  by  thiosulphate;  the  silver  bypotassium  cyanid,  or  by 
painting  first  with  iodin  and  then  with  ammonia. 

Symptoms  of  Corrosive  Poisoning. — These  begin  in  the  mouth,  with 
burning  pain,  dysphagia,  and  loss  of  tissue.  The  taste  of  many  of  these 
substances  is  characteristic — acid,  alkaline,  metallic,  astringent,  etc. 
The  further  symptoms  are  those  of  gastroenteritis,  similar  to  those 
'icscribed  under  non-corrosive  irritants,  but  generally  more  severe.  The 
vomiting  and  diarrhea  are  more  frequently  bloody.  In  the  case  of  acids 
the  vomited  blood  is  frequently  very  dark  in  color  on  account  of  the  for- 
mation of  acid  hematin.  This  is  the  so-called  ** coffee-grounds"  vomit. 
The  pain  is  very  much  more  marked  with  corrosive  poisons.  The  destruc- 
tion of  the  tissue  gives  rise  to  reflexes  which  may  take  the  form  of  "shock." 
The  absorption  of  the  chemic  products  of  corrosion  may  produce  fever; 
or  the  temperature  may  be  lowered  by  collapse.  If  perforation  occurs, 
the  clinical  picture  turns  into  that  of  peritonitis. 

Death. — This  may  occur  from  shock  before  the  local  symptoms  have 
fime  to  develop;  or  it  may  follow  after  one  or  two  days  of  more  gradual 
collapse;  or  it  may  result  later  from  peritonitis;  or  finally,  after  recovery 
from  the  acute  effects,  the  formation  of  scar-tisstu  in  the  corroded  areas 
may  lead  to  stenosis  and  thus  to  gradual  starvation. 

PiBatmortetn  Examination. — This  shows  the  characteristic  stains  and  corroiuons  in 
tW mouth,  cS'DphaKus,  stomach  and  duodenum;  with  the  melaUic  corrosives,  the  cecum 
lod  Ui^e  intestines  may  exhibit  the  principal  changes'  since  many  raetals  are  excreted  in 
tkoe  alualions. 

When  the  action  has  not  proRressed  to  actual  corrosion,  there  is  often  very  marked 
WpeietB^  and  ecchymosis.  The  color  is  frequently  much  darker  than  corresponds  to 
txaiDoaol  of  congestion,  especially  in  the  case  of  adds  (due  to  acid-hcmalinj.' 

Treatment  of  Poisoning  by  Corrosives. — The  first  measure  is  dilution  ^ 
since  the  action  is  proportional  to  the  concentration.  The  drinking  of 
water  in  abundance  and  the  washing  out  of  the  stomach  are  therefore 
Biiporta.nt     If  corrosion  is  already  advanced,  it  is  not  advisable  to  pass 

Uomach-tube.     The  further  treatment  consists  in  the  administration 

•^  Plst«4J. 
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of  demulcent  substances,  such  as  mucilage  or  boiled  starch ;  or  white  of  egg; 
or  milk.  The  proteins  are  especially  useful  against  the  metallic  poisons, 
since  they  form  rather  insoluble  albuminates.  h 

The  pain  may  require  the  exhibition  of  narcotics  in  free  doses.     Most>fl 
of  the  irritant  poisons  can  be  treated  by  chemic  antidotes;  in  the  case  of 
alkalies,  by  acids  (vinegar,  lemon  juice,  or  any  acid  diluted  to  i  to  5  per 
cent.);  in  the  case  of  acids,  by  means  of  non-corrosive  alkalies;  prefer- J 
ably  magnesium  oxid;  or  in  emergencies  by  soap.  V 

The  free  alluUies  are  UAUally  too  caustic,  and  the  carbonates  involve  danger  of  rup- 
turing ihe  corroded  stomach  by  the  evolution  of  carbon  dioxid  gas.  Potassium  com- 
pounds are  objectionable  Ixrcause  of  the  danger  of  toxic  absorption  from  the  corroded 
mucos.Tf.     In  case  of  necessity  any  alkali  may  be  used,  such  as  whitewash  or  chalk..        ^ 

lodin,  ckiorin  or  bromin  may  be  neutralised  by  sodium  bicarbonate.  H 

Volatile  Causttcs.^ — These  comprise  ammonia,  chlorin,  bromin,  the 
fuming  mineral  acids,  the  gaseous  acids,  such  as  sulphurous,  nitrous,  etc.; 
and  certain  organic  acids-  -acetic,  formic,  etc.  Also  other  organic  sub- 
stances, such  as  formaldehyd;  and  the  volatile  oils,  especially  the  oil  of 
mustard;  and  the  various  "War  gases.'* 

When  swallowed,  these  produce  the  symptoms  already  described. 
Wlien  inhaled,  ihey  irritate  mainly  the  respiratory  passages  and  other  ex- 
posed mucous  membranes,  causing  coryza,  conjunctivitis,  bronchitis,  pul- 
monary edema,  pneumonia,  etc.  Through  the  irritation  they  produce  pro- 
found nervous  effects,  at  first  mainly  stimulant.  The  respiration  stops 
at  first  in  ex|)iration,  the  glottis  closes  spasmo<lically,  and  the  bronchial 
muscles  contract.  This  is  a  conservative  mechanism,  and  explains  why 
fata!  poisoning  is  not  more  common.  During  this  stage  there  is  cardiac 
inhibition  through  vagus  stimulation,  and  also  dilation  of  peripheral 
vessels.  The  inhalation  irritants  may  j>rove  promptly  fatal  by  spasm  or 
edema  of  the  glottis;  or  the  course  may  be  slower,  passing  through  bron- 
chitis, pneumonia,  etc.  (cf.  L.  Lewin,  1908).  The  irritation  may  also 
involve  the  esophagus  and  stomach,  with  protracted  hemorrhagic  gastritis 
(Loeper  et  al,,  191 5).  The  inhalation  of  irritant  vapor  is  es|>ecially 
deleterious  to  asthmatic  individuals, 

Bronchodilator  drugs  (airopin,  etc.)  have  a  limited  efficiency  against 
the  acute  respiratorj'  distress  of  irritant  gases  (Symes,  1915).  , 

The  ejfecls  of  small  qiuindtirs  oj  volatile  irritants  in  the  air  has  an  ceo-      ' 
nomir  imjxjrtance,  in  view  of  their  escape  from  chemical  factories,  etc. 
There  can  be  little  doubt  that  even  a  small  proportion  tends  to  produce 
bronchitis,  and  to  diminish  the  resistance  to  infections  (Ronzani,   looS: 
low  concentrations  of  CI,  SO?,  NO^).    They  may  possibly  cause  cachecticj 
conditions;  but  it  is  difficult  to  assign  the  limits  between  which  th< 
poisons  are  harmless,  objectionable,  and  dangerous. 

Volatile  Irritants  in  Warfaxe. — The  study  of  the  toxicology  of  gases] 
has  been  greatly  stimulated  by  their  employment  in  war.     The  use 
**gas-sheUs'*    has   extended   the  significance  of  this  term   beyond   thoscl 
substances  that  are  gaseous  at  ordinar>'  temperature,  so  that  it  includi 
liquids  and  even  solids  that  can  be  vaporized  or  simply  atomized  by  thej 
heat  or  force  of  the  explosion  of  the  shell. 

Available  Substances. — Practically  every  substance  of  sufficient  heal 
stability  and  toxicity  may  thus  become  an  implement  of  '* gas-poisoning/' 

The  choice  of  the  substances  is  limited  by  the  fact  that  they  must 
*>le  of  producing  their  effects  even  when  highly  diluted.     In  practic< 
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tltts  requirement  is  best  met  by  irritants.  Curiously,  it  has  largely  ex- 
ided  such  substances  as  hydrocyanic  acid,  arsin,  phosphin  and  hydrogen 
Iphirf — substances  that  owe  their  sinister  reputation  mainly  to  rapidity 
action,  but  which  apparently  can  not  be  used  with  sufficient  concentra- 
>a  in  ordinary  military-  operations. 

The  substances  actually  used  are  numerous,  as  has  been  said.     They 

1,  however,  be  reduced  to  a  few  types,  from  the  standpoint  of  their 

;iions,  or  more  precisely,  according  to  the  usual  location  of  the  irritation; 

E.,  Pulmonary  Irritants,  Lachrymators  and  Blistering  "Gases."     These 

it  will  be  discussed  in  another  section. 

The  actions  are  not  sharply  localized,   but  differ  according  to  cir- 

amstances,  especially  according  to  the  concentration  and  duration  of 

exposure.     However,  the  effects  adhere  pretty  closely  to  the  type-classi- 

5atioD  under  ordinary  conditions. 

Absence  of  Direct  Sysiemic  ToxkUy. — Most  of  the  irritant  gases  are 
not  absorbed  as  such  from  the  lungs.  They  therefore  do  not  have  direct 
s)'stcmic  actions.  All  their  effects  are  explainable  as  direct  or  indirect 
results  of  the  local  irritation.  The  indirect  effects  are  produced  by 
isphyxia  or  by  reflexes. 

The  fatigue  and  exhaustion  of  the  mild  cases,  and  the  loss  of  conscious- 
Wss  in  severe  cases  are  asphyxial.     Retching  and  vomiting  result  from 
phanTigeal  irritation  and  from  the  cough.     Diarrhea  is  emotional, 
le  kidneys  are  practically  unaffected.  , 

.  PULMONARY  IRRITANTS 

The  principal  representatives  of  these  are  Chlorin;  Brorain;  Nitrous 
^apofs;  Sul{>hur  Trioxid  and  Dioxid;  Phosgcn;  Superpalite;  and  Palitet 
Chlorpicrin. 

PhenometM  of  the  Group,~The  distinguishing  feature  of  this  group 
is  the  production  of  profuse  pulmonary  edema.  This  leads  to  asphyxia 
and  Lu  circulatory  collapse. 

In  addition,  they  may  cause  more  or  less  irritation  of  the  respiratory 
pasflftges,  dei>ending  largely  on  whether  they  are  irritant  directly,  like 
chlorin,  or  whether  they  must  first  undergo  chemical  decomposition, 
like  phosgen. 

The  irritation  of  the  respiratory  passages  causes  pain,  choking,  cough- 
ing and  asthmatic  phenomena. 

The  irritation  also  affects  other  mucosa?,  especially  the  conjunctiva, 
^causing  lachrymation. 

CHLORIN 

Use  in  **Cas  CJoiuis."^ — Chlorin  was  the  first  gas  used  in  the  war, 
being  the  sole  constituent  of  the  original  "gas-cloud"  attacks  of  Ypres 
April  of  191 5.     It  was  efficient,  but  because  of  the  ease  of  protecting 
it,  it  has  been   rej>laced  almost  entirely  by  phosgcn  mixtures, 
were  used  almost  exclusively  in  the  gas-clouds  of  1916, 
-Jive  Cofueniralions. — The  concentration  of  the  toxic  gas  in  cloud- 
probably   never  rises  above   i  :  1000,   and   more   commonly  is 
I  :  10,000.     These  are  effective  concentrations.     With  concentra- 
below  1  :  100,000,  chlorin  gas  is  practically  ineffective  under  military 
cms,  although  long  exposure  is  followed  by  bronchitis. 
Symptoms  of  Poisoning  by  Pulmonary  Irritants, — These  are  alike  in 
ttoaaod  animals,  under  similar  conditions. 
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Chlorin  produces  a  very  prompt  painful  irritation  of  the  mucosi 
of  the  upper  air  passages.  These  local  symptoms  start  with  the  firs 
two  or  three  inspirations.  With  the  concentration  at  i  :  10,000  there  i 
irritation  of  the  eyes  (relatively  slight),  spasm  of  the  glottis,  and  ; 
choking  sensation.  Continuation  of  the  inhalation  becomes  more  ani 
more  diflBcult. 

The  respiration  becomes  dyspneic  and  spasmodic,  superficially  re 
sembling  asthma,  although  the  bronchioles  may  not  be  contracted.  Ther 
is  also  violent  coughing,  with  frothy  expectoration.  Acute  asphyxi 
develops,  with  cyanosis  and  great  anxiety.  The  asphyxia  also  produce 
mental  confusion  and  lethargy,  and  finally  unconsciousness.  Eventuall; 
the  condition  passes  into  pulmonary  edema  and  circulatory  collapse 
These,  rather  than  the  immediate  phenomena  of  irritation,  are  the  fata 
features  of  the  intoxication. 

In  case  of  survival,  this  asphyxial  stage  lasts  some  36  hours,  and  thei 
improves,  to  be  succeeded  by  bronchitis.  This  is  usually  of  light  degree 
but  may  be  intense,  according  to  the  severity  of  the  poisoning.  Wit! 
higher  concentrations  of  chlorin,  the  primary  irritant  effects  reach  thei 
acme  more  rapidly.  However,  death  does  not  occur  acutely  unde 
military  conditions,  as  it  does  with  much  higher  experimental  concentre 
tions  (i  to  5  per  cent.). 

Acute  Effects  of  High  Chlorin  Concentrations. — With  these,  deat) 
occurs  usually  before  the  stage  of  edema  is  reached.  The  S3rmptom 
are  those  of  violent  respiratory  irritation,  and  rapid  asphyxial  syncope 
Death  seems  to  be  due  mainly  to  the  obstruction  in  the  pulmonar 
circulation. 

The  experiments  of  Schaefer,  1915,  showed  that  i  per  cent,  of  chlorin  intheairma; 
be  ineffective  for  several  minutes;  then,  often  suddenly,  the  respiration  becomes  deei; 
convulsive,  and  arrested.  The  blood  pressure  falls.  Rapid  recovery  occurs  in  fres: 
air. 

With  5  per  cent.,  death  is  rapid  and  inevitable.  The  respiration  becomes  slowei 
and  b  arrested  in  one  to  three  minutes.  The  blood  pressure  falls  to  zero  in  three  to  fou 
minutes,  the  heart  still  beating  well.    Artificial  respiration  does  not  cause  recover} 

The  bronchioles  are  not  constricted,  air  passing  at  least  as  well  as  normally.  Secre 
tion  of  mucus  is  also  unimportant,  for  the  course  is  not  modified  by  atropin.  TTi 
systemic  circulation  is  also  unaffected  directly,  the  changes  being  secondary  to  tb 
asphyxia.     Even  the  right  heart  is  not  especiaUy  congested. 

The  essential  changes  are  seen  in  the  pulmonary  circulation.  The  lungs  are  intensel; 
hypwremic,  microscopic  examination  showing  engorgement  of  the  capillaries  and  edem 
of  the  interstitial  tissue  and  alveoli.  The  epithelium  proper  is  normal.  Perfusion  c 
the  pulmonary  vesseb  with  Ringer's  solution  shows  marked  obstruction  of  the  floi 
when  chlorin  is  injected  into  the  trachea  or  perfusion  fluid.  Schaefer  assumed  that  thi 
phenomenon  occurs  during  life  and  that  this  obstruction  is  the  cause  of  all  the  symptoroi 
(It  is  probable  that  chlorin  coagulates  the  endothelium,  as  do  other  astringents. 
Bromin  vapor  is  more  irritant,  but  less  fatal. 

BroncAt.^In halation  of  air  containing  chlorin  (i  :  5000  to  i  :  1000)  produces  quicV 
ening  of  the  respiration  and  transient  broncho-constriction;  due  partly  to  edema  of  th 
bronchial  mucosa  (Azzi,  1918).  There  may  also  be  a  direct  action  on  the  bronchii 
musculature;  for  excised  rings  are  strongly  contracted  when  placed  in  Ringer's  solutio 
containing  fairly  high  concentrations  of  chlorin.  Low  concentrations  relax.  Rings  c 
pulmonary  artery  and  vein  behave  similarly;  but  it  is  doubtful  whether  they  are  expose 
sufficiently  in  life. 

Minor  Toxic  Effects  of  Chlorin — These  have  arisen  mainly  from  its  use  in  the  art 
Air  contaminated  with  chlorin  produces  irritation  of  the  conjunctiva  and  respirator 
mucous  membranes,  etc.;  o.ooi  to  0.002  per  thousand  of  air  is  said  to  be  harmles! 
0.003  is  disagreeable,  and  0.004  irrespirabte  (Matt,  18R9).  Continuous  exposure  pn 
duces  cachexia.  The  foliage  of  plants  is  destroyed  by  concentrations  which  are  nc 
noticeable  for  man. 
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Peculiarities  of  Irritative  Pulmonary  Edema. — This  edema  is  the  essen- 
tial danger-factor  with  the  volatile  pulmonary  irritants;  its  mechanism, 
phenomena  and  treatment  being  essentially  the  same  for  all. 

The  puhnonary  edema  as  produced  by  gas  differs  from  the  pulmonary 
<dema  of  ordinary  civilian  practice  in  several  important  respects;  in  the 
manner  of  its  production,  as  well  as  in  its  phenomena: 

Ordinary  pulmonary  edemas  are  either  early  stages  of  pneumonia, 
jKti  which  case  they  are  more  circumscribed;  or  they  are  due  to  disturbance 
of  the  pulmonary  circulation^  in  which  the  alveolar  endothelium  is  in- 
^^■olved  secondarily. 

In  gas  poisoning,  the  order  is  reversed;  the  endothelial  injury  is  pri- 
yanary,  and  the  circulatory  disturbance  is  secondary. 

Oiktr  forms  of  Experimenial  Pulmonary  Edtma. — The  methods  that  have  been 
^nployed  are  reviewed  by  Schlomovitz,  igao.    They  may  be  arranged  into  the  following 

I.  Embolism  of  artery  by  fat,  lycopodium,  etc.;  intravenous  coUargoI. 
7.  Injury  to  pulmonary  capillaries  by  excessive  hydremia;  excessive  blood  concen- 
Cration  and  anoxemia. 

3.  Injury  to  puImonar>'  capillaries  by  intravenous  acetic  ether,  or  ammonia. 

4.  Injury  to  respiraton.^  epithelium;  irritant  gases. 

5.  Cbnical  intlammalory  type;  mainly  by  vascular  injury. 

6.  Disproportion  in  the  worit  of  the  right  and  left  ventricle;  compression  of  the  left 
veniriclc  1  Welch);  epincphrin-injection;  muscarin;  a^b>'xia. 

7.  Combinations. 

Acute  Epiihiiiai  Injury  by  Casts. — This  increases  progressively  in  inverse  ratio  to  the 
n>bu$tnc£6  of  the  cells,  from  the  trachea  to  the  alveolar  endothelium.  The  functional 
mjury  may  be  much  ^cater  than  the  histologic  changes.  In  acute  ^s cases,  (Kirticu- 
^ariv,  severe  edema  may  occur  before  the  cells  present  any  morphologic  abnormalities. 

Usions  of  Upper  Respiratory  Tract — Chlorin  and  other  direct  irritants  including 
'mustard  gas"  produce  a  more  or  less  violent  inflammation  of  the  larynx,  trachea  and 
^Toochi.  In  case  of  survival  these  are  likely  to  lead  to  secondary  infections;  to  laryn- 
ptis,  tracheitis,  bronchitis  and  lobular  pneumonia. 

Those  gases  which  librrate  chlorin  only  on  contact  with  water  (phosgcn,  palite, 
wprroalile,  etc.)  cause  little  or  no  inflammation  of  the  upper  respiratory  tract.  They 
in iLh)  somewliat  less  liable:  to  secondary  pneumonia. 

Stiges  of  Poisoning. — The  phenomena  of  gas  poisoning  may  be  advantageously 
ifWupcd  into  several  stages: 

[ill  Th:  immeduiU  srnsory  rtjltxfs,  coughing,  choking  and  vomiting.  These  are 
(.orupicuous  in  the  case  of  direct  irritants,  such  as  chlorin;  and  delayed  or  absent  with 
tWaiower  acting  poisons  (phosgcn).     They  have  been  sufl^ciently  discussed. 

[4)  The  pre-caemii  phenomctui,  constituting  thtjirst  stage  in  phosgen  gassing. 

[c)  The  xta^e  of  puimonary  rdetna,  the  second  stage  of  phosgen  poisoning,  progressing 
*o»culc  death  or  toward  recovery. 


W)  The  p/irnomeno  of  trstoration,  the  iidrd  itage  of  phosgen. 

(e) , 


Secondary  infedums  of  the  respiratory  tradi  gcuerallv  responsible  for  the  delayed 
deubs. 

if)  Pmisirnt  iesioHs^  induced  cither  by  the  chemical  irritation  or  by  the  secondary 
'tfectioos. 

The  rapidity  of  the  development,  and  the  severity  of  the  earlier  symptoms,  and  the 
•ojti  and  subacute  mortality,  vary  directly  with  the  concentration  of  ine  gas.  and  the 
^untiofi  of  the  exposure,  as  well  as  with  the  nature  of  the  irrit^mt. 

The  details  of  these  phenomena  and  of  their  treatment  have  been  studied  on  animals^ 
Wttd  under  standard  conditions,  with  greatest  detail  perhaps  on  dogs  exposed  to  phos- 
^ftbout  I  :  13.000.  for  iuilf  an  hour. 

?n^emic  Stage,  {t'irsi  Stage  of  Piioieen  Poisoning). — This  is  characterized  by 
'^'VgKtMn  and  stisi.s  in  the  pulmonary  circulation;  dilation  of  the  right  heart,  dilution 
*>d  incxtased  volume  of  the  blood. 

Tlrirmbosis  of  the  Pulmoiuiry  Vessels. — This  is  especially  prominent  in  chlorin 
Pj'Wing.  Many  of  the  pulmonary  cnnillaries  are  occluded  by  agglutinated  red  cells, 
'^pfoccss  reaches  its  ma.ximum  rapidly,  in  one  or  two  hours  at  the  latest,  and  then 
P^dailly  diminishes. 

The  throml>o5is  may  be  partly  the  result  o{  the  usual  inflammatory  stasis^  but 
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probably  is  largely  due  to  the  direct  action  of  the  add  gases  oo  the  blood  corpuscles; 
for  agglutination  may  be  produced  in  vUro  by  dilute  chlorin,  phosgen  or  hydrochloric^^ 
add.  ^B 

Hemoglobin  and  blood  volume  in  tlie  pre-edemic  st^ge, — The  hemoglobin  and  corpuscle 
content  of  tlie  blood  is  materially  diminished  during  the  first  stage,  thus  producing  a 
hydremia.     This  may  be  partly  attributed  to  the  withdrawal  of  corpuscles  from  the  ^h 
systemic  drculation.  by  their  stagnation  in  the  pulmonary'  vessels  ^Meck  and  Lyster,  ^| 
ig2o).     However,  direct  estimations  show  an  actual  increase  in  the  total  blood-volume  ^* 
in  most  cases  (although  it  is  not  strictly  parallel  to  the  hemoglobin  dilution),  so  that 
there  must  be  a  How  of  duid  from  the  tissues  into  the  blood.    The  cause  of  this  has  not 
been  established. 

During  this  stage,  the  c/t/oru/ranMii/  of  the  blood  drops  sharply,  this  being  accom- 
panied by  a  marked  increase  in  the  chlorin  and  water  content  of  the  lungs. 

Oxygenation  oj  thf  Blood  and  Tissues;  Respiration. — The  oxygen  content  of  the  blood 
Hccrcascs  considerably,  nearly  parallel  to  the  deficiency  of  the  hemoglobin.    This^^n 
lo^elhtrr   with   the  obstruction  in  the  pulmonary  circulation  and  the  venous  stasiSj^H 
produces  some  asphyxia  and  dyspnea;  but  the  respiratory  symptoms  in  this  stage  nf^B 
phosgen  poisoning  are  not  severe.     There  arc  no  physical  signs,  hut  an  X-ray  examina- 
tion of  the  lungs  in  the  prc-edemic  stage  shows  a  diiluse  cloudiness. 

Dilation  of  the  Rigl$i  Heart. — Prior  to  the  edema,  the  right  heart  dilates  considerably 
as  shown, /.«.,  by  X-ray  mea.su  re  me  nts.     The  left  heart  is  never  dilated. 

The  changes  are  doubtless  due  to  the  increased  resistance  in  the  pulmonary  circuit, 
and  to  the  increased  volume  of  the  blood.  The  dilation  persists  for  two  to  four  hours, 
then  gradually  disappears  as  the  edema  sets  in. 

The  pulse  in  this  stage  is  practically  normal. 

Acidosis.— Chlorin  poisoning  is  always  accompanied  by  temporary  acidosis.     TTiis 
indicated  by  the  urinary  constituents,  and  by  diminished  alkali  reserve  fdiminishin 
CO3  capacity)  of  the  blood. 

In  case  of  survival,  the  acidosis  is  only  temporary,  the  blood  recovering  its  normal 
values  rapidly,  often  in  a  few  hours.  The  alkali  reserve  of  the  tissues  was  therefore  not 
seriously  depleted. 

In  fatal  cases,  however,  the  reserve  alkali  of  the  blood  continues  to  fall  pmgressivel/^ 
This  is  of  prognostic  importance. 

In  phosgen  poisoning,  acidosis  occurs  only  shortly  before  death;  i.e.,  there  is  only  tl 
terminal  acidosis  that  is  likely  to  precede  death  from  any  cause. 

Changes  in  Urine. — In  dogs,  gassing  by  chlorin  is  followed  by  increased  protein 
metabolism,  shown  by  increased  elimination  of  total  nitrogen,  ammonia,  creatinin, 
uric  acid,  and  phosphate. 

Acidosis  is  indicated  by  increased  output  of  ammonia,  and  by  increased  H-ion  concen- 
tration of  the  urine      Tliesc  changes  are  generally  absent  in  phosgen  noisoning. 

The  kidney-function  tests  give  normal  values.  Other  signs  of  renal  disturl^noe  are 
aUo  absent  (negative  albumen,  glucose,  blood,  etc.). 

FaJe  of  the  hihoUd  Chlorin. — Chlorin.  of  course,  is  not  absorbed  as  such.  However, 
the  chtorid  content  of  the  plasma  is  said  to  be  increased  for  a  few  hours  after  gassingi 
and  the  chlorid  excretion  by  the  urine  is  raisecl  on  the  second  day  following  severe  gas- 
sing. Presumably,  chlorin-protcin  compounds  are  formed  in  the  lungsandareabsnrbcdi 
especially  by  the  corroded  tissue.  These  would  break  down  in  the  tissues,  liberating 
chlorid  ions,  which  would  then  appear  in  the  urine. 

Stage  of  Pulmonary  Edema.  {Second  Stngc  of  Phosgen  Poisoning). — The  pulmon- 
ary capillaries,  which  were  irritated  and  obstructed  in  the  first  stage,  become  gradually 
Fwrmeable,  leading  to  pulmonary  edema. 

Heubner,  iqiq,  l>elieves  that  the  pulmonary  stasis  plays  a  greater  part  than  the  di 
irritation  of  tlie  endothelium. 

The  edema  results  in  diminished  blood-volume,  concentration  of  the  hemoglobin,  and 
decreased  size  of  the  heart.  This  is  apt  to  develop  quite  rapidly,  especially  in  chlorin 
poisoning,  and  may  reach  extreme  degrees;  affecting  the  circulation  as  well  as  the  respira- 
tion. Most  of  the  fatalities  occur  in  this  stage,  from  anoxemia  and  decreased  blood' 
volume  (Meek  and  Eystcr,  1020). 

Blood  Concentration. — The  dilution  of  the  blood,  which  was  characteristic  lor  the 
prc-edemic  stage,  rapidly  returns  to  normal  as  edema  develops,  and  is  then  replaced  by 
progressive  concentration,  so  that  the  blood-count  and  hemoglobin  content  and  vis- 
cosity rise.  In  chlorin,  the  concentration  occurs  rapidly;  in  phosgen  very  slowly, 
reaching  its  maximum  about  the  5th  to  8th  hour.  It  may  then  remain  stationary  for 
some  time. 

The  rapidity  and  degree  of  the  concentration  is  proportional  to  the  severity  of 
intoxication,  and  is  therefore  of  prognostic  importance.    In  dogs  poisoned  by  pho; 
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/.j..  a  hemoglobin  content  above  i  lo  forecasts  death  during  the  cdemic  stage  (about  the 
gth  hour);  while  hemogtobin  figures  below  no  occur  only  in  cases  that  are  not  fatal 
<unlcs5  by  infectious  compUcntions). 

The  increased  blood  concentration  is  partly  responsible  for  the  circulatory  phe- 
nomena. 

Blood  Volume. — This  decreases  with  the  loss  of  fluid  and  the  concentration  of  the 
blood.     It  doubtless  contributes  to  the  circulatory  and  respiratory  disturbances. 

Sizf  of  the  Heart. — The  dilation  of  the  pre-edemic  stage  gradually  disappears  as 
the  edema  comes  on.  This  is  seen  first  in  the  left  heart,  perhaps  because  of  the  impeded 
ftccc^s  of  the  blood  to  the  left  auricle;  after  2  to  4  hours,  however,  ali  chambers  become 
distinctly  smaller.  Kstablishment  of  comjwnsatnry  capilLiry  channels  in  the  lungs  and 
the  diminished  volume  of  blood,  cxpLiin  the  change  in  the  heart. 

The  fatal  cases,  the  heart  continues  to  diminish  in  size  until  the  approach  of  the 
lerniinal  asphyxia,  when  the  heart  again  dilates  somewhat. 

Circtdatory  Collapse. — Severely  gassed  patients  suffer  more  or  less  from  circulatory 
CDlhpse.  a*  shown  by  a  gray  pallor;  by  rapid  and  feeble  pulse,  and  by  venous  conges- 
tion ftnd  dilatation  of  the  rignl  heart  (never  of  the  left).  The  collapse  is  often  the 
iouDcdiate  cause  of  death. 

The  circulator>'  collapse  is  due  mainly  to  the  asphyxia;  but  is  aided  by  the  local 
conditions  in  the  lungs;  by  the  increased  visco-iity  and  thrombosis;  and  by  the  com- 
prtttion  of  Uie  capillaries  and  veins  through  the  edema. 

In  intact  mammaU,  inhalation  of  concentrated  chlorin  often  produces  prompt 
leinporar>'  arrest  of  the  heart.  If  the  heart  resumes,  the  pulse  and  respiration  remain 
poitly  slowed.     These  effects  are  absent  if  the  vagi  have  been  divided. 

Thr exposed  frog  or  terrapin's  heart  and  especially  the  mammalian  heart  are  iramc- 
diatcly  depressed  by  chlorin  in  Ringer's  fluid,  or  in  the  air  ("SchulLz,  igi8). 

Ttmprrature  a*id  Pulsc-rolc. — The  t-fTccts  of  chlorin  have  been  investigated  by 
Barikiur.  1019-  Low  (irritant)  concentrations  (74  to  36  per  million)  produce  con- 
sidcnble  rise  in  temperature. 

Medium  (irritant  to  depressant)  concentrations  (180  to  loo  per  milliou)  cause 
connilenible  full  in  temperature,  with  slowing  of  the  pulse  rate,  during  the  inhalation. 
Both  disappear  soon  after  removal  from  the  chlorin. 

Lethal  concentrations  (Soo-c;oo  fwr  million!  produce  more  persistent  effects.  The 
Wbebfcomcs  slow,  later  weak  and  rapid.  The  temperature  falls,  and  with  the  collapse 
the  udmaU  become  practically  poikiiothermal.  Excessively  warm  en\'ironment  may 
ibea  be  as  detrimental  as  cold. 

OmUjpment  of  Ihe  Pulmoruiry  Edfma. — The  fluid  exudes  first  into  the  air  sacs  and 
^n  here  overflows  into  the  bronchioles  and  bronchi.  Here  it  is  churned  into  foam  by 
the  tidal  air.  .^s  this  foam  mounts  toward  the  larger  air  tubes,  it  provokes  the  cough- 
rrfei,  and  is  more  or  less  effectively  expelled,  until,  if  the  condition  progresses,  ihe 
aadMeand  foam  become  so  excessive  that  they  produce  fatal  asphyxia. 

The  edema  compresses  the  pulmnnan.'  capillaries,  this  being  another  factor  in  the 
unpMled  pulmonary  circulation.  Some  of  the  exudate  may  also  form  in  the  pleural 
<a*ity;  but  usually  in  s<"anty  amount. 

During  this  i^tage,  the  chlorid  content  of  the  blood  returns  toward  normal,  while 
tijc  Ttatcr  and  chlorid  content  of  the  lungs  reach  a  maximum,  later  falling  gnidually. 

The  edema  fluid  comes  largely  from  the  blotnl.  This  becomes  more  concen- 
tnued,  as  eJready  explained;  whereas  there  is  no  ciiange  in  the  water-content  of  the 

H$tpvaUon. — The  minute   volume  of   respiration   is  always  increased  after  the 
ms  of  gassing  develop.     With  chlorin,  the  sensory  phenomena  dominate  the 
lion-     With  phosgen,  the  increase  of  respiration  is    asphyxial,    and    therefor 
with  the  edemal  stage 
Inhalation  of  high  concentmtion  of  chlorin  (admitted  directly  into  the  trachea) 
••tot*  the  respiration   completely,   for   20  seconds  or  longer.     This  is  followed  by 
licsUar.  abortive  abdominal  movements;  and  this  by  restoration  of  practically  normal 
'■'plntJor      Further  chlorin  does  not  again  arrest  the  respiration  (Sihultz,  igi8). 

-  EmpMyxema. — This  is  especially  serious  in  chlorin  gassing,  because  of 

-ughing  and  inspiratory   efforts   prm'oked   by  the  irritation  of  the  gas. 

'•"^  cn-irLf  tend  to  tear  the  partitions  between  the  alveoli.     The  pulmonary  tissue 

■9  be  ruptured  so  extensively  that  air  escapes  even  into  the  subcutaneous  tissue  of 

i   milder  5ensor>'  irritation  of  phosgen  poisoning  leads  to  less  violent  mus- 
and  emphysema  is  therefor  less  prominent      However,   the  air  hunger 
io  Bujjer-x-entilalion;  and  this  may  cause  some  emphysema,  especially  when  the 
-tubes  are  narrowed  by  bronchtoUtis  01  bronchiolar  spasm. 
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In  any  case,  disruptive  cmphyAemA  diminishes  permanentLy  the  breathing  area; 
so  chat  the  sur\ived  patienU  arc  apt  to  suffer  indefinitely  from  shortness  of  breath. 

Gas~cx<hang€  in  hriiative  Ptilnwnury  Edema. — This  is  best  studied  m  phosgen  poi- 
soning, in  which  the  phenomena  arc  not  so  complicated  by  sensory  irritation. 

In  chlortn  poisomng,  air  hunger  sets  in  very  rapidly.  On  the  other  hand,  soldiers 
ga&sed  with  phusgen  do  not  complain  of  air  hunger  for  some  time,  although  they  may 
show  an  intense  gniyish  cyanosis,  and  may  even  die.  This  Ls  a  condition  of  anoxemia 
analogous  to  mountain-sickness. 

If  the  patient  survives,  his  cyanosis  gradually  changes  to  the  ordinary  blue  tint, 
and  he  develops  air-hunger  and  intense  hyperpnca.  These  are  the  phenomena  of 
carbon  dioxid  poisoning.  In  other  words,  the  patient  passes  first  through  a  condition 
of  pure  anoxemia;  this  is  then  complicated  by  the  accumulation  of  COi,  which  develops 
much  more  slowly. 

Haldane  explained  the  early  dissociation  of  the  oxygen  and  carbon  dioxid  factors  of 
asphyxia  by  the  relative  solubility  of  the  two  ga.se3.  COi  is  twenty-five  times  more 
soluble  in  water  than  is  oxygen.  Consequently,  when  the  exudate  begins  to  forin  and 
interposes  an  extra  film,  as  it  were,  between  the  alveolar  air  and  the  alveolar  blood, 
this  film  will  interpose  a  much  greater  obstacle  to  the  passage  of  oxygen,  than  to  the 
passage  of  COi,  to  which  it  is  quite  freely  permeable.  This  would  result  in  the  anoxemia 
without  carbon-dioxid  accumulation,  as  noted  clinically. 

However,   these   conditions  change    when   the  ecfema  becomes  more  abundsjst: 
when  it  fills  the  alveoli,  and  its  foam  mounts  more  and  more  into  the  bronchioles  anK^H 
bronchi.     When  this  happens,  the  air  is  totally  prevented  from  reaching  the  alveota^^ 
The  respiratory  exchange  stops  in  that  part  of  the  lung,  and  COi  accumulates.         ^^ 

The  edema  develops  with  unequal  rapidity  and  severity  in  diOcrent  parts  of  the 
lungs.  At  first,  therefore,  some  parts  of  the  lungs  will  still  be  in  communication  with 
the  air.  The  tendency  to  the  accumulation  of  COi  produces  more  or  less  h>-perpnca; 
and  this  produces  an  over-ventilation  of  those  functionating  portions  of  tne  lung. 
Their  COa  will  therefore  fall  below  the  normal  level. 

The  blood  returning  to  the  left  heart  will  be  a  mi.xture  derived  from  the  over- 
ventilated  and  from  the  unvcntilatcd  parts  of  the  lung — the  tirst  with  a  defkciency  of 
COj,  the  second  with  an  excess  of  COj.  These  two  factors  will  tend  to  balance  each 
other,  so  tlml  the  COi  excess  of  the  mixed  bl<KMl  is  not  at  first  vcr>*  great.  It  increases, 
naturally,  in  proportion  as  more  and  more  of  the  lung  is  thrown  out  of  function. 

On  the  other  hand,  ovcr-vcntilation  does  not  increase  the  oxygen  of  the  bh 
anywhere,  since  the  hemoglobin  in  the  functional  part  of  the  lung  is  practically  sati 
rated  with  oxygen  by  ordinary  ventilation.  This  oxygen  saturation  cannot  l>e  increasi 
by  over-ventilation.  Therefore,  the  over-ventilated  portions  of  the  lung  do  not  coi 
pcnsate  for  the  asphyxiated  portions.  The  uncompensated  oxygen  delicit  therefc 
continues  greater  than  the  more  or  less  compensated  COa  excess. 

The  administration  of  oxygen  reverses  tncso  conditions:  oxygen  diffuses  gradually 
through  the  foam,  and  thus  the  foam  near  the  alveoli  becomes  so  much  enriched  id 
oxygen,  that  a  sufl&cient  quantity  of  the  oxygen  can  diffuse  into  the  alveolar  exudate. 
The  COi  excess  is  of  course  not  aided  in  any  way  by  this.  So  that  oxygen  inhalation 
abolishes  the  cyanosis  and  diminishes  the  danger  of  asphyxial  death;  but  it  does  not 
diminish  the  hyperpnca.  The  air-hunger^  the  amplitude  and  rate  of  respiration,  are 
not  changed  by  the  oxygen. 

Since  the  oxygen  must  diffuse  through  the  foam  before  it  can  be  effective,  the  relief 
is  rather  slow,  coming  on  only  after  about  five  minutes.    This  contrasts  with 
instantaneous  response  to  oxygen  in  ordinary  obstructions. 

Blood-sases. — In  untreated  gas  poisoning,  the  oxj'gen  of  the  blood  falls,  often  to 
low  values.    This  is  especially  conspicuous  in  the  venous  blood.     The  carbon  dio3 
content  increases  more  slowly,  as  has  been  explained. 

Post-mort€m  Findings. — These  differ  somewhat  for  chlorin  and  phosgen  (Wintcrnil 
1919). 

Chlorin^  FoUtneed  by  Acttie  Death  (Inside  of  Twettly-fottr  Hours). — The  trachea 
bronchi  arc  red  and  congested,  edematous,  and  may  be  more  or  less  filled  with  M-rous 
exudate.  The  lumens  of  the  bmnchioles  may  be  filled  with  debris.  The  lungs  arc 
heavy  and  edematous  with  ovcrdistendcd,  emphysematous  areas  scattered  through 
the  purplish  collapsed  and  depressed  structures.  On  section,  serous  fluid  6ows 
abundantly. 

Post-mortem  Findings  for  Phosgen. — When  death  has  occurred  within  two  hours 
after  exposure,  the  lungs  arc  found  uniformly  edematous,  airless,  and  purple.  There  is 
little  or  no  emphysema,  The  lungs  exude  abundant  0uid  on  section.  There  is  also 
considerable  tluid  in  the  pleural  cavities. 

When  death  occurs  later  (second  or  third  day)  the  pulmonary  edema  is  lighter, 
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\ung  cont&imng  some  aerated  arcaa.  This  may  be  because  all  the  cases  of  severe  edema 
Hie  CAfly.  However,  it  is  conceivable  that  in  non-fatal  cases  a  rcubsorption  of  the 
edema  occurs  from  the  second  day;  since  even  deeply  cyanosed  patients  may  ultimately 
recover. 

The  <lcgrtc  of  the  pulmonary  edema  may  be  determined  accurately  post  murtera  by 
the  watcr-cootcnt  of  tlii:  lungs;  or  by  the  ratio  of  the  weight  of  the  lungs  to  that  of  the 
Sctrt- 

Fntpwsh  in  the  EiUma  5/a^r.— Experience  vrith  animals  indicates  that  the  severity 
of  the  iotoxication  and  the  direct  fatahly  in  phosgen  poisoning  may  be  judged  with  fair 
certainty  by  the  course  of  the  blood  concentration  and  by  the  tcrajierature.  The  more 
npidir  the  blood  concentration  sets  in,  and  the  higher  its  degree,  the  more  gra\x  is  the 
d»ngcx.  The  tem(>cratun:  does  not  change  in  light  cases.  In  severe  case!^  there  is  a 
pfcliminar>'  rise,  followed  by  a  later  fall.  This  fall  is  rapid  in  fatal  cases,  gradual  in 
iKoK  that  sur\ive. 

Fhcaomeaa  of  Restoration  [Third  Stage  of  Phosgen  Poisoning). — If  the  patient  does 
Dolsftccomb  to  the  pulmonary  edema,  the  excessive  concentration  of  the  blood  gradually 
(Usupcars.  so  that  11  finally  becomes  slighUjr  more  dilute  than  normal.  The  edema  is 
ilowl^  reabsorbed;  and  there  is  a  fairly  rapid  re-adjustment  and  eventual  return  to  a 
pnctically  normal  condition. 

However,  the  stage  of  restoration  is  often  complicated  by  secondary  respiratory 
infecdonal  pneumonia  or  bronchitis,  which  may  run  a  fatal  course. 

Lite  effects  of  Irritant  Gases.— Inhalation  of  phosgen,  dichlorethylsulphid,  and 
cspeciilly  of  chlorin  is  often  followed  by  chronic  di*=>turbancc  of  the  respiration.  Four 
moaths  after  miscellaneous  "gassing."  t)ie  phyiituLl  fmdings  were  normal  In  about 
JO  per  cent-  of  the  patients,  chronic  bronchitis  was  present  in  30  per  cent.;  emphysenu 
10  3  per  cent.  fBerghoff.  1920). 

uceptional  cases  develop  persistent  gastro-intestinal  or  nervous  changes,  due  to 
hemorrhages  into  these  situations. 

Treatment  of  Poisoning  by  Pulmonary  Irritants. — This  is  directed 
St  the  immediate  local  irritation  and,broncJiial  spasm;  against  the 

xcmia  and  acidosis;  against  the  abnormal  blood-volume:  against  the 
circulatory  collapse;  and  against  the  later  bronchitis  and  secondary 
iafectioDS. 

Sauce  these  factors  vary  in  importance  and  urgency  at  different  stages 
of  the  intoxication,  and  in  different  patients,  the  treatment  must  also  vary. 
However,  the  pulmonary  edema,  and  the  consequent  asphyxia  and  cir- 
culatory colla{)se  dominate  all  other  indications. 

lo  thii  discussion  the  individual  measures  are  arranged  generally  in  the  order  of  their 
ipplicition. 

Xuf.— Rest  is  the  simplest  and  perhaps  most  important  single  factor  in  the  Ireal- 
acat  of  gas  casualties.  Men  and  officers  are  warned  in  advance  that  when  gassed 
Cffcodightly.  they  must  refrain  from  all  exertion,  even  the  shouting  of  orders.  Pains- 
Uktitt arrangements  are  made  that  the>*  receive  the  practical  minimum  of  disturbance 
b  Unr  tmnsportation,  etc. 

TWi  empnasis  is  based  on  the  ilifficulty  of  combating  the  edemal  and  cmphysemo- 
lMiaph)-T[a  directly.  More  or  less  asphyxia  i:?  always  present.  In  this  state,  every 
<Kf^B,  even  standing,  means  a  more  rapid  exhaustion  of  the  difficultly  obtainable 
tmn;  a  more  rapid  accumulation  of  the  difficulty  cxcrctahle  COi;  and  an  added 
ffnanlnil  and  chemical  strain  on  the  overloaded  heart,  which  may  easily  bring  on 
Acute  (liKompensation. 

TV  erst  mu^t  be  as  absolute  as  circumstances  permit.  Sleep  should  be  encouraged, 
u  H  gcacralty  brings  improvement.  Restless  and  excited  cases  must  have  morpntn. 
TV  iadiouion  of  rest  must  be  observed  absolutely  or  relatively  as  long  as  the  patient 
KKti  lo  exertion  by  cyanosis  or  dyspnea,  or  extra  rapid  pulse.  Usually,  if  the  rest  ts 
tk^UQ^fa  in  the  start,  the  patient  can  return  to  light  duties  in  a  few  weeks. 

IWfmtk  — Thb  is  a  useful  precaution  against  collapse.  Severe  cases  should  thcre- 
t'  J.     Ordinar>'  casr<i  should  at  least  be  protrctid  against  chill,  but  they 

•*.-  X  >ame  time  receive  the  benefit  of  fresh  au. 

J/«^f4  — This  is  used  as  a  sedative,  to  secure  rest,  and  to  check  spasmodic  cough 
ftad  CMchanical  trauma.  It  should  be  used  only  when  these  indications  exist,  and  should 
bt  aroidcd  when  there  is  deep  cyanosis.  However,  if  the  patient  is  very  restless,  he 
aiy  ftceive  morphin,  even  though  he  Ik:  deeply  cyanosed. 
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Tbe  objection  to  morphin  lies  in  the  fear  that  it  would  depress  the  ren)imtion  at 
time  when  the  maximum  rcspirator\'  vcnlilalion  is  needed  to  offset  the  diminished  lun^ 
area.     This  is  largely  obviated  by  emplo>'ing  rather  small  doses,  not  to  exceed  oor 
lo  0.03  Gm.  of  the  morphin. 

From  pharmacologic  and  ph>'siolQgic  considerations,  small  doses  of  morphin  would 
be  cxpccLod  lo  improve  the  respiratory-  conditions.     The  characteristic  effect  of  the 
peutic  doses  consists  in  a  slo«-ing  but  deepening  of  the*respirarion.     This  would  count 
act  the  rapid  and  shallow  respiration  that  follows  as  a  \*iciou5  circle  on  oxygen  deficien 
(Hatclaneand  Meaking,  igi8). 

Barbour  et  al.,  iqiq.  found  in  animals  gassed  with  chlorin  (0.08  percent.)  thai 
large  doses  of  taorphin  (to  mg.  pe  Krg,  twice  daily)  were  rather  unfavorable.  Smaller 
doses  (3  to  5  mg.  per  Kg)  did  not  materially  effect  the  falaUty. 

AmmotfiJ-inhuIalion.—Xmmonin  was  carried  in  ampuls,  and  a  few  whiffs  inhaled 
at  intervals,  during  the  first  day  It  acts  as  a  respiratory  stimulant,  usually  making 
breathing  easier  and  less  exhausting.  Its  bone6t.'5  were  so  universally  admitted,  that 
its  use  had  been  established  as  a  routine.  A  few  patients  are  made  more  uncomfortable 
by  it,  and  in  such  cases  it  is  not  continued. 

Ammonia  as  Antidote. — Some  early  attempts  were  made  to  neutralize  the  inhaleJ 
chlorin,  by  the  continuous  inhalation  of  ammonia.  They  were  entirely  unsuccessfufl 
since  the  ammonia  could  only  reach  the  chlorin  excess  in  the  upper  atr-passag^ 
These  vrould  not  require  the  neutralizant.  since  they  would  be  auickfv  Pushed  by  frc3 
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of  the  cWorin,  so  as  to  increase  the  local  injury. 

AnaUpUcs. — Brandy    (small     sips)     is     rather 
established. 

Camphor  and  fJhff  have  been  used  hj-podcrmically,  against  the  later  collapse,  wit 
the  usual  discordant  opinions  as  to  their  efficiency.    Pituitary  Solution,  0.5  c.c. 
three  hours,  intramuscularly,  and  strychnin  arc  useless. 

Atropin. — This  was  proposed  originally  with  the  object  of  diminishing  "pulmonan,* 
secretion."  Naturally,  U  proved  entirely  useless,  since  the  exudate  of  pulmonarj*  edema 
is  of  inflammatory'  origin,  and  therefore  is  not  affected  by  atropin.  ^H 

Atropin    might  be  of  advantage  against  Inonckiat  spasm  ICxiw^  19x5)-     Howcvcq|^| 
this  is  not  a  serious  feature  of  gassing;  and  besides,  the  ordinarj*  doses  of  atropin  ai?^^ 
apparently  not  sufficient  to  relieve  it.     On  the  other  hand,  the  tendency  of  atroj^in  lo 
accelerate  the  heart  would  be  detrimental  in  asphyxia. 

For  these  reasons,  it  is  not  advisable  lo  use  atropin  in  tbe  early  stages.  It  may  dnd 
employment  later  on  against  bronchitis. 

In  animals  gassed  with  chlorin,  Barbour,  19x9,  found  the  fatality  unchanged 
atropin. 

kpinepitrtn. — This  has  been  used  especially  to  relax  bronchial  spasm.     It  is  efficient 
although  the  relief  is  only  temporary  (i  c.c.  of  i  :  1000,  hypodcrmitally  1.     Howevc 
it  is  not  employed  extensively,  probably  because  the  bronchial  spasm  is  not  an  important' 
factor  in  gassing.     Barbour,  igig,  found  it  inefficient  in  animals. 

Oxygen  Inhalation. — .\s  has  been  explained,  the  dominant  indications,  with  the 
onset  of  edema,  would  be  to  facilitate  the  access  of  oxygen,  and  later  the  elimination  of 
carbon  dioxid.  The  control  of  the  carbon  dicv^id  is  difficult;  but  the  anoxemia  can  be 
relieved  considerably  by  oxygen  inhalation.  The  mechanism  of  this  relief  has  been 
discussed. 

Clinically,  the  efficient  administration  of  ox>-gen  generally  diminishes  the  c>'ano5U. 
and  is  believed  lo  increase  the  chances  of  sur\ival.  By  its  persistent  use,  patients  may 
recover  after  Ijeing  cyanosed  and  unconscious  for  two  days.  It  may  be  recalled  that  it 
docs  not  diminish  the  air-hunger;  nor  would  it  be  desirable  to  have  this  dirainbhed, 
since  it  is  needed  for  the  eUmination  of  carbon  dioxid. 

The  reported  clinical  benefits  of  oxygen  inhalation  have  not  thus  far  been  reproduced 
in  animal  experiments.  In  these,  oxygen  had  practically  no  influence  on  the  fatality 
from  chlorin,  and  not  very  much  on  that  from  phosgen.  However,  there  is  a  distinct 
increase  in  the  oxygen  of  the  arterial  blood  at  the  time  when  it  is  most  needed;  and  whilst 
this  may  not  be  enough  to  do  much  good  in  a  restless  animal,  it  may  be  of  greater  bene- 
fit in  a  resting  patient. 

Administration  of  Oxygen. — Since  the  oxygen  exchange  must  be  effected  throiuh 
more  or  less  thick  layer  of  foam,  it  must  be  given  in  concentrated  form,  through  a  val% 
mask.     Inhalation  through  a  funnel  over  the  mouth,  or  even  through  a  tube  in 
mouth,  is  said  to  be  useless. 

On  the  other  hand,  tlie  oxygen  need  not  be  supplied  more  ranidly  than  it  is  absorl 
that  is,  the  important  point  is  the  concentration,  not  the  absolute  quantity  of 
oxygen.     Therefor  the  administration  need  not  be  continuous.     It  suffices  to  breal 
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the  gas  for  three  or  four  minutes  ever\'  quarter  hour;  but  this  must  be  done  night  as 
well  a*  day,  as  long  as  the  cyanosis  tends  to  recur. 

The  intermittent  administration  was  of  mi]itAr>'  importance,  for  the  difficulties  of 
transportation  to  the  front  made  the  utmost  economy  imperative.  For  thi5  reason, 
the  oxygen  was  not  given  to  all  patients,  but  be  restricted  more  or  less  to  selected  cases. 
U  is  not  necessary  in  mild  ca.%es  and  it  is  superfluous  in  hopeless  cases.  It  is  most  use- 
ful in  borderline  cases  that  verge  on  the  desperate;  especially  those  who  are  still  deeply 
cyanotic  on  the  second  day. 

Hypodermic  or  intravenous  injections  of  oxygen  would  be  more  economical,  but 
Was  convenient.     They  are  ai  present  considered  '"useless"  under  field  conditions. 

Vennrition. — This  wa.s  introduced  early  in  the  gas-war,  and  has  maintained  itself 
loi  ftll  forms  of  irritant  gases.  Neither  tlic  clinical  nor  the  espcrimcntal  data  arc  quite 
condudve  as  to  its  efficiency  for  saving  life;  but  the  balance  of  the  evidence  is  in  its 
hvos.  The  clinical  relief  is  often  striking,  especially  in  the  early  severe  cases,  with 
^ee^^blue  cyanosis  and  full  pulse  (corresponding  to  acute  asph>iial  dilation  of  the  heart). 
Under  such  conditions,  the  abstraction  of  15  to  30  ounces  of  blood  is  said  to  relieve  the 
hcwbcbe,  ease  the  breathing,  and  often  lead  to  strengthening  sleep.  The  relief,  how- 
cvtrmay  be  only  temporary. 

BlcMing  must  fwt  be  used  when  collapse  has  started,  as  indicated  by  a  poor  pulse; 
or  when  the  condition  of  ihe  patient  is  in  any  way  immt'diatcly  dangerous. 

This  confines  the  usefulness  of  bleeding  to  the  prc-cdemic  stage.  It  is  advised  to 
ftpp)}'  it  as  soon  as  possible  after  gassing,  generally  in  half  an  hour  or  an  hour;  alter 
luia^n,  it  may  be  useful  up  to  4  hours. 

TTic  benefits  of  venesection  would  natural^  be  attributed  to  relief  of  the  distending 
rij;hl  heart.  This  diminishes  not  onlv  the  immediate  results  of  the  venous  engorgement, 
but  iko  conscr\'es  the  heart  so  that  it  can  meet  more  succcssfuUv  the  conditions  of  the 
RlUmacnt  edema.  If  the  distention  and  asphyxia  liave  already  weakened  the  heart 
toocxteDsivcly,  the  abstraction  of  blood  would  tend  to  be  harmful. 

h  might  also  be  assumed  that  the  relief  of  the  pulmonary  circulation,  and  the 
dimini^cd  blood-volume,  would  tend  to  lessen  the  liability  to  edema.  Practiudly, 
howtvtr,  this  tendency  docs  not  appear  to  be  important;  for  venesection  has  not  been 
fonwi  to  modify  the  subsequent  eaema  in  gassed  animals. 

Tbe  best  conditions  for  venesection  and  transfusion  liave  been  worked  out  expcri- 
mrntalty  on  animals;  but  these  details  have  not  yet  been  tried  sufBciontly  under  field 
conriilioDs.  Even  in  animal  experiments,  the  results  of  different  workers  have  not 
Iwrti  uniform. 

YauseLtitm  Troiim^ni  of  Chiarin  Gassing. — Since  this  runs  a  rapid  course,  the 
nmsuns  must  be  applied  in  prompt  succession;  as  soon  as  possible  atler  the  gassing. 
ll»e  MtKnt  is  to  be  bled  about  i  per  cent,  of  the  body  weight.  This  is  followed  at  once 
bjr  Uie  iniravenous  injection  of  an  equal  volume  of  normal  saline.  After  this,  sodium 
bicarbonate  may  be  given  freely  by  stomach.  The  reasons  for  these  measures  will  be 
<fiic«iaed  presently. 

YtMiseaioM  Treaimcttt  of  Gassing  by  Phosgen,  SnperpaliU,  Eic.^Dvt  relatively  slow 
<'^""-  — "  itales  modifications  of  the  treatment,  so  that  the  successive  measures 
n-  d  at  the  proper  time.     This  is  controlled  mainly  bv  the  hemoglobin 

«' ■  .A  blood,  as  the  most  convenient  index  of  the  concentration  and  volume  of 

tiv  bItKHl. 

Bleeding  is  practiced  as  soon  as  practical  after  gassing,  if  possible  within  anhour; 
but  it  laay  be  beneficial  even  after  four  hours.  .At  first  *-i  per  cent,  of  the  body  weight 
k  viUuirawn.     The  hemoglobin  and    temperature  are    tJien   observed   at  half -hour 

EtCPrtl*. 

If  the  temperature  remains  normal,  and  the  hemoglobin  couccntration  does  not 
^laiaifch,  rwj  further  treatment  is  necessarj'.  If  the  temperature  rises  rapidly,  with  a 
■muluocDUs  fall  of  hemoglobin  concentration^  a  second  venesection  of  .^3  per  cent. 
«f  the  body  weight  is  made.     This  may  be  re|>cated  once  more  if  necessary. 

Thii  irrJlmenl  pre^xriLs  the  development  of  pulmonar>'  edema  in  most  of  the 
iBintiN  ca«<rd  with  standard  doses  of  phosgen.  If,  however,  in  spite  of  this  treatment, 
t*  omes  markedly  concentrated  and  the  temperature  falls  materially,  the 

tc  ticai.     In  this  case,  fluid  should  be  administrated  freely;  cither  by  mouth, 

cr  Low  infusion  of  normal  saline.     This  is  only  necessary  in  serious  cases. 

T^  .1'  use  of  infusion  is  dangerous.     Alkali  is  not  needed  in  phosgen  poisoning. 

.^^..r..  ii.iusum, — During  the  stage  of  pulmonary  edema,  the  blood  becomes  mark- 
■^Tttocentrated,  more  viscid,  and  diminished  in  volume.  Injection  of  normal  saline 
(1  pvoeot.  of  the  body  weight,  i.e.,  equal  to  the  quantity  of  blood  withdrawn  at  the 
tcMMCtion)  has  been  tried  to  relieve  this  condition,  but  with  doubtful  benefit.  Simple 
ranains  in  the  circulation  at  most  half  an  hour  and  generally  less,  so  that  the 
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benefit  would  at  best  be  temporary;  and  the  use  of  h>'pertonic  salt  or  glucose  solutions 
was  found  rather  to  intrcase  the  fatality. 

Saline  infusion  therefore  is  not  very  promising,  although  it  has  some  experimental^ 
support.    If  used  at  all,  it  must  be  confined  to  coses  showing  actual  concentration 
the  blood;  otherwise,  it  is  more  likely  to  do  harm. 

Undcrhill  believes  on  the  basis  of  animal  experiments  that  it  distinctly  improxTs  t! 
chances  of  recovery,  when  used  after  bleeding  at  the  time  of  the  greatest  conccnlratioi 

Alkaiine  Tnaimcfit, — The  most  hopeless  clement  in  the  treatment  of  the  scvei 
cases  is  the  acidosis,  due  to  the  inability  of  the  edematous  lung  to  cluninatc  carboi 
dioxid.  A  moderate  restriction  of  lung  area  may  be  compensated  automatically  by 
hji>eronea.  Tliis,  however,  soon  reaches  its  effective  limit.  Beyond  iliis,  tlic  carbon 
dioicicl  must  continue  to  accumulate  and  use  up  the  reserve  alkali  of  the  blood,  and 
thus  lead  gradually  to  a  fatal  acidosis.  There  is  no  method  of  increasing  the  elimina- 
tion of  carbon  dio>id  when  the  lungs  become  inadequate.  Some  good  may  be  accom- 
plished by  introducing  alkali  into  the  blood;  but  the  effiriency  of  this  is  also  limited 
when  carbonic  acid  is  not  being  excreted.  TTiis  is  an  essential  dilTerence  from  other 
forms  of  acidosis. 

Consequently,  the  success  of  the  alkali  treatment  has  not  been  brilliant.  Intra- 
venous injection  of  sodium  bicarbonate  would  be  useless,  since  this  is  already  saturated 
with  carb<>n  dioxid.  Oral  administration  of  bicarbonate  is  more  promising.  Sodium 
lactate  has  \nixn  used  for  the  same  purpose,  8  Gm.  as  50  per  cent,  solution,  by  stomach, 
every  four  hours;  but  the  official  comment  is:  *'The  main  features  of  gas  poisoning  are 
not  influenced  by  this  method  of  treatment." 

Diptaiis  and  OHafcjiw.— These  would*  conceivably  be  effective  against  the  cardiac 
dilatation.  Digitalis  has  been  tried  by  mouth,  without  much  beneQt,  nor  could  much 
be  expected  from  the  slow  absorption  of  the  smalt  doses  that  were  generally  used. 

Ouabain  (cr>'staHine  Strophanihinl  has  been  used  intravenously  with  better  effect. 
The  usual  dosage  is  0.35  mg.,  then  0.5  mg.  per  day,  till  a  total  of  1.5  to  1.75  mg.  i^^H 
reached.     Barbour,  iqiq,  however  found  it  useless  with  chlorin  gassing.  ^H 

Accipftmftifiin   and   Acftyl-salicylic  Arid. — These  were  trie<l  against  the  hcadach^^l 
but  are  not  advised,  for  fear  of  aiding  the  tendency  to  collapse. 

QutHtHf  CaUium  Lactaic. — These  did  not  affect  the  fatality  in  chlorin  inhalation 
(Barbour,  1019). 

Discharge  of  the  Exudate  from  the  Lunsx. — Attempts  have  been  made  to  remove 
least  some  of  tnc  exudate  from  the  air-passages  mechanically,  especially  during  the  fii 
day;  but  they  arc  not  promising. 

Tlie  coughing  Ls  a  natural  dtvice  for  this  purpose.     However,  it  tends  to  become 
violent  as  to  threaten  mechanical  injurj'  to  the  lung,  and  therefore  generally  rather 
needs  to  be  allayed. 

Something  can  be  accomplished  by  position.  The  head  is  turned  to  the  side,  and 
the  foot  of  the  stretcher  or  bed  raised  two  or  three  feet  or  higher,  for  a  few  minutes  at  a 
time. 

Schaefer's  method  of  artificial  respiration  has  been  applied.  It  is  not  likely  to  do 
good,  and  may  do  harm. 

Emtfirs. — These  were  tried  rather  extensively  with  the  hope  that  the  movements 
of  vomiting  would  also  expel  more  or  less  of  the  contents  of  the  lungs.  They  appear 
to  be  ineffective  for  this  purpose;  and  in  the  later  stages  the  depression  is  certainly 
detrimental.  This  is  true  especially  of  the  emetic  drugs,  such  as  apomorphin,  or  large 
doses  of  ammonium  carbonate. 

In  the  first  few  hours  after  gassing,  cmcsis  is  often  beneficial,  not  by  emptying  the 
lungs,  but  by  relieving  nausea.  If,  therefore,  the  patient  feels  inclined  to  vumit,  soon 
after  being  gassed,  he  may  provoke  vomiting  with  the  finger  in  the  throat,  or  by  drink- 
ing a  pint  of  water  contaming  a  tablcspoonful  of  salt. 

Exprclorants. — On  the  first  day  orcIinar>'  expectorants  are  useless,  and  may  indeed  be 
harmful  by  exaggerating  the  tendency  to  nausea.     An  exception  may  be  made  f< 
demulcents. 

On  the  srcond  day,  if  the  general  condition  is  good,  treatment  of  the  bronchitis  may 
begun,  with  ammonium  carbonate,  0.3  Gm.  or  Tr.  Ipecac,  0.5  c.r.  ever>'  6  hours. 

Lattr^  the    treatment    of    the    bronchitis  should   be  continued  by  the  ordi 
methods.     Steam  inhalation  charged  with  Eucalyptus  oil  or  Comp.  Tr.  Benzoin  is  u< 
extensively. 

Protection  Against   Poison-gaBes. — Perfect    protection   against   all   gases  so 
employed  in  warfare  is  pro\'ided  by  simple  respirators  and  lillers.     These  are  mi 
covering  the  eyes,  now  and  mouth,  and  communicating  with  the  air  through  la\-ers 
absorbent   and   neutralizing   chemicals.    These   chemicals  now  used   (charcoal,  per- 
manganate and  soda-lime)  protect  at  once  against  all  the  gases  so  far  used,  in  tnei] 
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concentrations.     This  is  obviously  a  great  advantage  under  field  conditions, 

DU^o  special  chemicaJs  for  each  "gas"  might  have  advantages  for  experimental 

Btions. 

British  Type. — This  contains  essentially  active  charcoal  and  alkaline  permanganate. 

Gtrman  Typt. — This  contains  three  layers:  The  inside  layer  is  pumice  with  liexa- 
methylenamin ;  this  protects  against  phosgen.  The  middle  layer  is  active  charcoal;  the 
outer  layer  is  a  mixture  of  baked  earth,  potassium  carbonate,  and  fine  charcoal. 

Spfciai  Absorbents  for  Chlorin. — Chforin  is  so  highly  reactive  that  it  can  be  easily 
neuindiwd.  Kven  water  is  fairly  eflfective.  Thiosulphate  and  alkalies  are  the  special 
ibaorbents. 

BROMIN 

T%ts  is  &  reddish  brovm,  very  volatile  and  intensely  corrosive  liquid.  Onlv  a  few 
IxistAncesof  swallowing  bromtn  arc  recorded.  In  one  of  these  (Snell,  1850),  death  occur- 
red ttvcn  and  one-half  hours  after  taking  an  ounce.  The  antidotes  would  be  eggs  and 
stuch. 

IniuUtion  of  Bromin  Vapors. — These  irritate  the  respiratory  organs  with  effects 
umilu  to  chlonn.  They  arc  more  irritant,  but  rather  less  toxic.  1  :  1,000.000  of  air 
is  i£sigrceable,  10  :  1,000.000  is  said  to  be  dangerous. 

ProWoged  inhalation  of  bromin  is  said  to  produce  marked  physiological  changes  in 
thetbyroid  (Pellegrini,  1Q17).    The  observation  requires  confirmation. 

Bromin  was  used  somewhat  in  the  war  in  hand-grenades. 


PHOSGEN;  CARBONYL  CHLORID;  COCI, 

Mechanism  of  Action. — The  eflfecls  produced  by  phosgen  are  very 
Bmilar  lo  those  described  for  chlorin.  The  differences  arise  from  the  fact 
that  phosgen  acts  only  after  decomposition  into  hydrochloric  acid,  in  the 
presence  of  moisture.  Its  effects  are  therefore  relatively  slight  in  the 
upper  air-passages,  where  the  moisture  is  relatively  small,  and  reach  their 
maximum  in  the  alveoli,  where  the  air  is  saturated  with  water.  With 
prolonged  inhalation^  however,  there  will  be  sufficient  decomposed  in 
tiie  bronchi  and  trachea  to  produce  corrosion. 

The  site  of  action,  as  determined  by  the  decomposition,  prob- 
ably also  explains  the  greater  toxicity  of  phosgen,  as  compared  with 
chlorin. 

The  slight  degree  of  the  irritation  of  the  sensor>'  nerves  in  the  upper 
air  passages  does  not  suffice  to  deter  from  the  inhalation  of  the  gas,  so 
that  ihe  patient  is  likely  to  inhale  it  more  deeply  than  he  would  equix'alent 
coucent rations  of  chlorin  or  other  directly  irritant  vapors. 

Moreover,  the  reactive  chlorin  would  be  partly  neutralized  and  bound 
in  the  upper  air  passages,  whilst  the  indifferent  phosgen  would  escape  this 
dotniction. 

History  and  Use. — Previous  lo  the  war,  this  substance  was  known  in 
toxicology  mainly  as  the  irritant  product  of  the  combustion  of  chloroform. 
Its  use  in  gas-clouds  followed  soon  after  that  of  chlorin.  It  incapacitates 
the  men  more  slowly  than  chlorin,  but  is  more  dangerous  in  the  end. 
For  physical  reasons,  it  is  generally  mixed  with  some  chlorin  when  used 
a*  clouds.     It  is  also  employed  extensively  in  shells. 

PfopertUs. — Phosgen  is  a  gas  at  ordinary  temperatures,  but  liquefies 
.Ml  S.2X.  It  may  be  prepared  by  passing  a  mixture  of  carbon  monoxid 
chlorin  over  heated  charcoal. 

Il  is  fairly  indifferent  in  itself;  but  in  the  presence  of  moisture,  it 
decomposes  with  the  production  of  hydrochloric  acid: 

COCls  +  H2O  =  CO2  +  2HCI 


144  MANUAL   OF   PHARMACOLOGY 

Limits  of  Toleration, — The  highest  concentrations  that  can  be  breathed 
without  prompt  distress  are  i:  50,000  to  1:500,000;  generally  about  i:  125,- 
000.  Even  this,  however,  produces  definite  eye  irritation.  Gas  clouds 
generally  contain  about  i :  10,000. 

The  high  mortality  may  be  judged  by  the  result  of  animal  experiments: 
Of  dogs  exposed  for  half  an  hour  to  concentrations  of  i:  17,000  to  13,000 
about  42  per  cent,  die  within  two  days;  with  concentrations  i:  13,000  to 
1:10,000,  the  deaths  are  62  to  69  per  cent. 

Differences  in  Symptoms  from  Chlorin, — ^The  eye-irritation  is  stronger 
than  with  chlorin. 

The  sensory  irritation  of  the  respiratory  passages  is  much  less  than 
with  chlorin;  for  the  irritation  begins  in  the  finer  bronchial  division, 
beyond  the  sensory  nerves.  Consequently  there  are  generally  no  acute 
symptoms  or  cough.  If  cough  occurs,  it  is  less  violent  than  with  chlorin, 
so  that  there  is  much  less  emphysema. 

Although  cyanosis  and  asphyxia  may  develop  promptly,  the  ordinary 
onset  is  slow  and  insidious.  The  soldiers  usually  felt  little  inconvenience 
for  an  hour  or  two,  except  some  weakness;  and  then  developed  progres- 
sive pulmonary  edema,  with  "grayLsh- white"  collapse,  that  might  soon 
terminate  in  death. 

Phosgen  gas  is  much  more  likely  to  be  followed  by  circulatory  collapse; 
i,e.,  it  is  much  more  likely  than  chlorin  to  develop  irrecoverable  pulmonary 
edema. 

Phosgen  poisoning  is  especially  likely  to  be  followed  by  persistent  respiratory  le»om 
of  chronic  bronchitis,  emphysema,  and  symptoms  resembling  tuberculosis  (Achards, 
1919;  Berghoff,  1919). 

Anestkisia. — Animab  exposed  to  z  :  20,000  or  i  :  10,000  show  considerable  anes- 
thesia on  leaving  the  gas  chamber.    The  nerve-trunks,  however,  are  still  sensitive. 

Symptoms  of  Phosgen  Poisoning, — Although  these  have  been  fully  discussed,  their 
in^>ortance  justifies  a  brief  recapitulation. 

Onset. — There  is  some  lachrymation.  The  throat  and  chest  feel  constricted. 
Breathing  becomes  difficult,  but  not  impossible.  Couching  develops  after  a  quarter 
hour.  Nausea  and  vomiting  are  early,  so  that  the  soldier  may  vomit  into  the  mask. 
Headache  and  throbbing  sensations  in  the  body  occur. 

Rapid  Cases. — The  coughing  and  retching  increase.  Hyperpnea  sets  in,  the  breath- 
ing being  hurried  and  labored,  but  shallow.  The  face  becomes  purple.  The  patient  is 
weak,  confused,  unconscious,  and  mav  die  in  one  or  two  hours.  More  acute  death  has 
not  been  reported,  even  when  a  cloud  attack  was  sustained  without  protection. 

Slower  Cases. — These  develop  headache,  precordial  and  epigastnc  pain.  There  is 
extreme  restlessness  and  anxiety,  or  semiconsciousness,  with  muttering  delirium.  The 
cough  varies,  but  is  usually  not  violent;  laryngitis  is  practicallv  absent. 

The  respiration  becomes  hyperpneic  and  irregular.  The  hps  and  ears  are  blue,  the 
face  becomes  grayish.  Expectoration  may  be  slight  or  frothy.  The  pulse  becomes 
rapid  and  soft,  and  the  patient  is  generally  collapsed.  The  usual  prognostic  signs  are 
the  color,  pulse,  and  rate  of  respiration;  although  the  concentration  of  the  blood  gives 
more  accurate  information. 

The  clinical  picture  varies  in  detail,  according  to  the  relative  predominance  of 
the  pulmonary  edema,  bronchiolitis,  emphysema,  cardiac  dilation,  bronchiolar  spasm; 
and  later  the  bronchitis,  and  the  hemorrhagic  gastritis  or  encephalitis. 

Danger  Period. — A  man  who  at  first  seemed  but  lightly  gassed  may  develop  cyanosis 
and  die  in  a  few  hours;  but  after  the  second  day,  no  danger  need  be  apprehended  from  • 
the  lighter  cases;  except  from  secondary  infections.    Most  of  the  deaths  (four-fifths) 
occur  in  the  first  24  hours;  few  after  the  third  day. 

Recovery. — -In  favorable  cases,  the  sputum  becomes  more  viscid  on  the  second  day. 
The  dyspnea  is  apt  to  persist,  and  the  temperature  is  somewhat  raised.  Bronchitis 
and  pneumonia  may  develop.  Usually,  however,  the  patient  improves  rapidly  from  the 
third  day,  and  at  the  end  of  the  week  is  fully  convalescent;  but  however,  he  requires  & 
prolonged  rest. 

Pathology  and  Treatment. — These  were  fully  discussed  under  Chlorin. 
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ProUflioH. —Vhosgea  is  not  nearly  as  reactive  as  chlorin,  and  caused  considerable 
difficulty  in  the  early  days.  The  first  special  masks  cnntaincd  alkaline  sodium  phenale. 
Later  patterns  were  saturated  with  hexamelhylenamin.  However,  the  ordinary 
respirators  confer  complete  protection. 

SUPERPALITK 

DIPHOSGEN,  TRICHLOROMETHYL-CHLOROFORMATE 

CI  CUUC  CI, 

This  was  the  chief  constituent  of  the  "  Green  cross  "  shells,  where  it  was  usually  mixed 
ith  some  chloropicrin  ("vomilinK  ros")  ur  diphenyl  chlorarsine  ("sneezing  gas"). 
WIS  j>crhar»  the  principal  "killing"  gas  for  shells,  and  is  highly  fffecUvc,  acting  esscn- 
Ily  like  phosgen.  i.i\.  by  tlie  tiberaiion  of  hydrochloric  acid  on  contact  with  water, 
le  p&thulogy  and  treatment  are  identical  with  thusc  uf  phosgcn. 

It  is  an  oily  liquid,  of  disagreeable,  suffocating  odor. 


PALITE 

CHLOROMETHYL-CHLOROFORMATE 

CI  C(X)CH,  CI 

^L^Quid  also  used  extensively  in  shells.     It  belongs  to  the  same  class  as  super- 
j)2ioagcn. 

CHLOROPICRIN 

"VOMITING    GAS,"    NITROCHLOROFORM,    NITRO-TRICHLORO-METHAWE 

C  Ch.NOi 

All  irritants,  even  the  asphyxiants,  are  likely  at  limes  to  provoke  vomiting;  but 
ioropicrin  was  used  in  the  war  particularly  for  this  purpose. 

It  15  a  neutral,  colorless  iluid,  boiling  at  1 13'^C.     It  was  therefore  used  in  shells,  but 

y  be  05ed  in  gas  clouds  if  mixed  with  more  volatile  substances.     It  was  intended 

for  the  purpose  of  inducing  the  men  to  remove  their  masks,  and  thus  Inhale  the 

c  substances  (diphosgcn,  diphenyl-chlorarsinc),  with  which  it  was  generally 

However,  it  is  itself  a  potent  pulmonary  irritant,  intermediate  between  chlorin 

l|liosgeD. 

iitcts. — Chloropicrin  irritates  all  surfaces.  It  therefore  produces  lachrymation, 
tranchitis,  and  i^ulmonary  edema,  as  well  as  vomiting.     It  also  irritates  the  skin. 

Icckrymation. — Dilutions  of  i  :  1,000.000  arc  detected  by  the  eyes  of  raost  subjects. 
Cooctntrations  of  i  :  ?oo,ooo  would  incapacitate  \ictims  nnthin  ten  minutes.  The 
fyt»  inurt  and  pain,  as  with  all  lachr>'mators. 

Rupiffilory  Effcl. — There  is  considerable  irritation  of  the  throat,  cough,  etc. 
Ecpocure  is  generally  followed  by  bronchitis  and  asthmatic  attacks.  Death  may  follow 
fioai  the  pulmonary  complications. 

Bi»«d  Conc^itratwn. — In  experimental  exposures  of  dogs  to  moderate  concentrations 
iW  blood  picture  is  that  of  phosgen  poisoning,  i.e.,  a  pre-edemic  fall  in  hemoglobin, 
tollowtd  by  a  rise  as  edema  develops.  With  high  concentrations,  the  edema  may  set 
ia  10  npidly  that  the  hemoglobin  appears  increased  almost  from  the  start. 

wf^ti-  E^rd. — This  is  presumauly  due  to  direct  gastric  irritation  from  swallowing 
/rialfd  with  the  poison. 

/otact  with  the  liquid  causes  severe  burns,  usually  with  blistering,  and  may 
Lo  Ulceration.     Abrauons,  if  exposed  to  the  vapors,  tend  to  become  septic. 
Kiimtys. — These   appear   to   be   injured    more    frequently  than  with  any  of  the 
"     For  this  reason  prolonged  exposure  is  dangerous  even  in  very  low 
<0Ke&Cntions. 

Ap9r-E§efis. — Chloropicrin  poisoning  is  likely  to  be  followed  by  serious  sequels: 
SvTtn  anentia,  with  general  asthenia;  weak  and  irreguLir  heart,  sometimes  cardiac 
<fiatw«;  the  patient  ages  mpidly. 

There  is  a  liability  to  recurrent  asthmatic  attacks,  leading  to  emphysema,  (These 
aic  Hated  like  ordinary  asthma,  by  epinephrin,  morphin,  and  atropm.) 

Thme  who  have  been  poisoned  appear  to  be  hypersensitive  to  the  poison.  This 
ii  alio  obser^'ed  in  animals. 
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NITRIC  VAPORS  CHIEFLY  NITRIC  PEROXID  (NITROUS  ACTD) 

NOi 

Occurrence. — These  constitute  the  brown  vapors  arising  from  the  action  of  nitric 
acid  on  metals.  They  may  be  formed  in  various  cliemtcal  industries,  by  all  Icinds  of 
nilralioa  processes,  especially  in  the  manufacture  of  nitrocellulose  and  picric  acid,  and 
(hus  give  rise  to  "fume-sickness."  They  are  also  produced  in  larse  amount  in  the  com- 
bustion (not  in  the  explosion)  of  nitroglycerin  and  gun-cotton.  When  they  develop  in 
confined  space,  they  may  be  ver>'  dangerous. 

Effects. — These  are  peculiar  by  the  long  delay  in  the  onset  of  the  pulmonary  edema. 
The  cause  of  this  has  not  been  explained. 

ImmfAiaie  Effects, — OurinR  exposure,  there  is  some  irritation  of  the  eyes,  and  of  the 
respiratory  mucosa:;  but  this  subsides  promptly  when  exposure  ceases.  The  patient 
may  then  feel  perfectly  normal  for  four  to  eijjht  hours. 

Ddtiyrd  Effects. — If  the  primary  exposure  has  been  suflBcicnt,  this  latent  period  is 
followed  by  the  rapid  development  of  pulmonary  edema,  entirely  similar  to  that  of 
phoseen,  and  often  ending  fatally  within  48  hours  (F.  C.  Wood,  1916;  A.  Hamilton, 
1917). 

The   treatment   and  the  post-mortem  findings  correspond  to  ihos 
of  chlorin  and  phosgen. 

ProtccUon. — The  fumes  are  freely  soluble  in  water,  and  a  damp  cloth^ 
furnishes  considerable  protection.     A  sponge  wetted  with  sodium  cat 
bonate  solution,  or  the  army  gas-masks,  are  more  efTective. 

Sulphur  Trioxid,  SOj. — This  belongs  to  the  simple  respiratory  irritants,  and 
sembles  chlorin.    It  is  a  solid,  forming  strongly  acid  fumes  on  contact  with  moist  aifi 
It  is  used  somewhat  in  grenades  and  shells. 

Dimethyl  Sulphate,  (CHi)3S04- — Thisisa  liauid  of  high  boiling  point(i88  degrees  C. 
said  to  have  the  olor  of  onions.     It  is  used  in  hand-grenades. 

It  is  a  strong  corrosive  of  alt  surfaces,  producing  lachrymation,  skin-corrosion,  a 
pulmonary  edema. 

The  edema  may  be  localized  in  a  single  part  of  the  lung,  probably  as  a  consequence 
of  obstruction  of  a  bronchus  by  inflammatory  pscudomembrane.  This  would  produce 
the  effect  of  a  cupping-glass  on  the  corresponding  portion  of  the  lung  (Aucr,  it)i8V 

A  peculiar  analgesia  of  the  skin  has  been  described,  which  in  animals  is  said  to  last 
for  six  months  after  exposure.    It  docs  not  include  the  nerve-trunks,    (Auer,  igig) 

The  trcatmcat  is  as  tor  chlorin.     The  local  effects  arc  treated  with  alkalies. 


LACHRYMATORS 


cnfv^^ 


Benzyl  and  Xylyi  Bromid. — These  are  used  in  "  tear-shells. *'     The  original  lacury 
mators  were  benzyl  bromid  (CftHfCH-Br)  and  xyiyl  bromid  (CHiCgH,  CHdirJ.     These 
arc  liquids  of  rather  high  boiling  point  (175  and  2i5°C.).  made  by  bromaling    ihi 
higher  fractions  of  conl-lar  distillates.     Their  odor  is  reminiscent  of  mustard;  most 
the  lachrymators  have  a  similar  odor. 

Ejects. ^Dilutions   of    i  :  1,000,000   make    the    eyes  water  severely.    Somewhai 
stronger  concentrations  also  make  the  eyes  smart;  and  as  the  concentration  incrc 
the  tears  and  the  burning  pain  in  the  eyes  blind  the  man  and  thus  put  him  out  of  actioi 

Ordinarily,  the  symptoms  go  no  further,  and  recctle  rapidly  after  exposure  ccas 
Within  an  hour  or  two  the  man  is  practically  normal,  except  for  slight  hyperemia  of  the 
eyes,  which  may  last  twelve  hours. 

There  are  no  toxic  after-effects,  and  the  men  are  fit  for  duly  as  soon  as  the  eye 
irritation  lets  up.  No  special  treatment  is  needed.  Lavage  with  i  per  cent,  bicar- 
bonate sol.  is  aavisablc. 

The  lachrymators  also  produce  pulmonary  irritation;  but  the  benzyl  and  xylyl 
bromids  do  not  reach  a  sufficient  concentration  to  produce  respiratory  symptoms. 

Other  Lachrymators.  Benzyl  chiorid,  C»H».CHiCl. — This  acts  like  tfie  bromid,  but 
is  less  effective.     It  has  been  used  in  shells. 

The  following  lachrymators,  also  used  in  shells  or  hand-grenades,  produce  more 
respirator\'  irritation,  and  thus  approach  the  chlorin  and  phosgen  tvpes: 

Bramo  Ac/orif.— CH:BrCOC:Ht  or  CH,-COCH  BrCIl4(  Shells). 

/>i-hrr>»«,>-A>MKr— CHvCOCHBrCHiBr  (ShcUs). 

BroTWf-acelonr. —CHiBrCOClU  (Grenades). 
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Cklofo-atftone.—CHjCXCOCiU  (Grenades). 

Dichipromctfiyl  w/rr.— (CHaCDiO  (ShcU). 
Chloruiul phoMu  AfiH. — SOi  HCl  (Grenades  and  Smoke-pots). 
i/f/*y/fAiflff»^M/p/itfH/2/e.—CH4-a-SO»  (Grenades). 

Fkenyi'tarbyiatnin  Chlorid. — C»U»NC  Oi  (SbelU);  at  present    probably  the  prin- 
cn>ttl  liLchr\*malor  u&cd  bv  the  Germans. 
Acroitin.—CHyCllCHO. 
SUnnic  Chli'fid. — Sn  CU. 
fironuurJi,  ElHrr. —CUt^irCOOCjHt. 
Jodinelk  fi/itf-.— CHJCOOCH*. 


"SKBE2ING  GAS' 
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DIPHEPTYL  CHLOROARSIN 
(C«H»)i-\bC! 


'BLUE  CROSS  SHELLS' 


Cj«. — This  was  used  in  shells,  mixed  with  high-explosive  shells,  shrapnel  or   other 
bcUs.     It  is  quite  toxic,  but  apparently  was  u»ed  more  with  the  idea  of  producing 
incezing  that  would  make  it  impossible  to  keep  on  the  masks.     It  is  not  considered  a 
military  success. 

SUmulaiory  Efcct. — The  substance  is  solid,  and  was  used  as  a  very  fine  powder. 
Diffused  in  the  air  in  the  proportion  of  i  :  i,ooo,cx)0,  it  produces  intolerably  violent 
toazax^  for  some  15  minutes.  Even  more  dilute  mixtures  arc  effective  sneezing  ugents. 
ffijJbfr  Con<cntraixons, — These  act  as  respiratory  irritants.  With  animal5,  fatal 
wocTOtiations  produce  inflammation  of  the  whole  respiratory  tract;  fibrinous  bron- 
chitiv  milmonarv  edema,  or  pneumonia.  The  toxicity  is  as  great  as  that  of  phosgcn 
(Undcihill,   1Q18). 

Intraperitoneal  injections  also  produce  pulmonary  congestion.  There  Is  a  con- 
spiouui abseace  of  the  intestinal  and  renal  cfianges  produced  by  ordinary  arsenicals. 

FIXED  CAUSTIC  ALKALIES 

• 

Members. — These  comprise  NaOH  and  KOH,  which  corrode  even 
liwskin;  the  carbonalt-s  of  s*->diiiin  and  pota<sium  which  are  not  caustic, 
but  which  irritate  the  mucous  membranes  violently;  and  quicklime,  which 
«a  account  of  its  limited  solubility,  is  caustic  only  when  used  in  substance. 

ifdHfu-r  of  AcSion. — The  free  alkalies  combine  with  the  tissue  oIcmcnLs  to  form  alka- 

liae  aibtiminatcs,  or  with  the  fats  to  form  soaps,  and  in  this  way  produce  a  destruction 

ti  mUtancc.     They  are  also  very  hygroscopic,  and  withdraw  water  from  the  cclU, 

•fcich  contributes  to  the  necrosis.     The  scab  which  they  produce  is  very  soft,  and  the 

(BBDovads  which  they  form  arc  very  soluble;  consequently  the  alkalies  penetrate  very 

<tariiiir,  are  wry  painful,  their  action  continues  for  several  days,  and  leads  to  extensive 

""•  f  .rraalion.     It  is  therefore  difficult  to  circumscribe  their  effects.     This  is   only 

'croedied  by  raixin;;  them  with  the  non  diffusible  quicklime  as  in  the  "  Virn$m 

•  ■ ,  A  mixture  of  equal  parU  of  KOil  and  CaO,  ^ti^^ed  into  a  thick  paste  with  alcohol. 

iebttt  tmd  PotentiAl  Alkalinity. — The  "actual"  or  immediately  effective  alkalinity 

oitiobtxni  depends  on  the  dissociated  OH  ions;  but  as  these  combine  nnth  the  tissues, 

(ttither  OH  ions  arc  split  off  ^"potential"  alkalinity),  which  continue  the  action.     The 

totilcBect,  therefore,  depends  upon  the  total  quantity  of  Oil  ions  which  can  be  split 

*Mmda  the  conditions  of  the  oody  (Drcser,  iqio).    This  can  be  estimated  by  ap- 

|wop«fale  faidic&tors. 

finiwoning  by  Caustic  Alkalies  (Lyes).— This  is  quite  common.  Half 
^  DuTicc  of  {lotassiuin  carbonate  or  an  ounce  of  the  liquors  would  gen* 
wally  be  lataL  Sodium  carbonate  is  less  toxic.  On  account  of  the  deep 
vtM,  stnaurt  of  the  esophagus  is  a  frequent  sequel,  and  the  fatality  is 

PREPARATIONS— CACSnC   AUCALl£S 
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ByinndMm  ^Pot.  Hydrox.),  U.S.P.;  Potaua  Caustica  (PotaM  CausLl. 
Hydroxid  (Caustic  PotaslL  Potassium  Hydrato;  KOH.— While  (l&kca 
■1  or  pcsdk;  octorkss;  caustic.     Very  sol.  in  water  ^i :o,gj.  freely  s<»l.  in  afe. 
Cud  ai  CMNtk,  to  remove  warts,  etc.;  and  to  soften  epidermis  {3  pet  ccnL). 
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S*Liq.  Pot.  Hydrox.f  U.S.P.;  Liq.  Potass. j  B.P. — 5  per  cent.    Sometimes  used  inter- 
y  as  alkali.    Dose,  i  c.c,  15  minims,  U.S.P.;  0.6  to  1.8  c.c,  10  to  30  minims,  B.P.; 
freely  diluted. 

Potas.  Carbonas  (Pot.  Carb.),  U.S.P.,  B.P.  (Salts  of  Tartar);  K,COj.— White  granu- 
lar powder;  odorless;  strongly  alkaline  taste.  Very  deliquescent.  Very  sol.  in  water 
(1:0.9),  practically  insol.  in  ale.  Dose,  i  Gm.,  15  gr.,  U.S.P.;  0.3  to  1.2  Gm.,  5  to  20 gr., 
B.P. 

Sod.  Hydrox.,  U.S.P.  (Caustic  Soda) ;  NaOH. — Dry,  white  flakes,  or  fused  masses  or 
pencils.    Very  sol.  in  water  (i  :o.9)  and  ale. 

Liq,  Sod.  Hydrox.,  U.S.P.  (Solution  of  Soda). — 5  per  cent.  Dose,  i  c.c,  15  minims, 
U.S.P. 

*Sodii  Carbonas  Monohydratus  (Sod.  Carb.  Monohyd.),  U.S.P.;  NasCOt  -f  HiO.— 
A  white,  crystalUn'e,  granular  powder;  strongly  alkahne  taste.  Freely  sol.  in  water 
(1:3)  and  inglye.  (1:7);  insol.  in  ale.  Used  as  lotion  (0.5  percent.).  Is  nearly  twice  as 
strong  as  the  ordinary  crystallized  carbonate.    Dose,  0.25  Gm.,  4  gr.,  U.S.P. 

^  *Sod.  Carb.,  B.P.;  Sodium  Carbonate  (Washing  Soda)-  NatCOi  +  10  HiO  (equiva- 
lent to  37  per  cent,  of  NajCOj). — Freely  so!,  in  water  (1:2).  Dose,  0.3  to  2.0  Gm., 
5  to  30  gr.,  B.P. 

Sod.  Carb.  Exsic.,  B.P.;  NasCOs-    Dose,  0.2  to  0.6  Gm.,  3  to  10  gr.,  B.P. 

Calx,  U.S.P.,  B.P.;  Calcium  Oxid  (Lime,  Quicklime);  CaO. — Hard,  white  or  grayish- 
white  masses,  or  a  white  powder;  odorless;  caustic  taste.  Slightly  sol.  in  water  (1:840); 
sol.  in  glyc;  insol.  in  ale.  When  sprinkled  with  about  half  its  wei^t  of  water,  calcium 
oxid  becomes  heated,  and  is  graclually  converted  into  a  white  powder  (caldum  hy- 
droxid  or  slaked  lime).  When  this  is  mixed  with  about  3  or  4  posts  of  water,  it  forms 
a  smooth  magma  (mtlk  of  lime). 

Calc.  Hydr.,  B.P.  (Slaked  Lime);  Ca(OH)j.— White  powder. 

*  Liquor  Calcis  (Liq.  Calc),  U.S.P.,  B.P.;  Solution  of  Lime  (Lane-water). — A  satu- 
rated solution  of  Ca(OH)3,  containing  about  0.14  per  cent.  Clear  ooioiiess  Ikiuid;  odor- 
less; alkaline  taste.  Incompatible  with  carbonates  or  "hard"  water.  Used  as  aatadd, 
against  diarrhea  and  externally  against  burns.  It  is  often  added  to  milk  (1:4).  Dose, 
15  c.c.,  4  drams  (about  0.02  Gm.  of  the  hydroxid),  U.S.P. ;  30  to  120  ex.,  z  to  4  ounces, 
B.P. 

Liq.  Calcis  Saccharalus  (Lia.  Calc.  Sacch.),  B.P.  (Syrup  of  Lime). — Contains  about 
2  per  cent,  of  CaO.  Antacid,  and  antidote  for  phenol  poisoning.  Dose,  2  cc,  3 
minims. 

>  *Linimenium  Calcis  (Lin.  Calc),  U.S.P.,  B.P.;  Lime  Liniment  {Canon  Oil). — A 
mixture  of  equal  volumes  of  lime-water  and  oil  (ofive,  B.P.;  Unseed,  U.S.P.).  Applied 
to  burns,  on  cloths,  frequently  renewed. 

AMMONIA 

This  differs  from  other  alkalies  by  its  volatility. 

Use  as  Counterirritant — It  passes  through  the  stratum  comeum  of 
the  epidermis,  and,  acting  uf>on  the  lower  layers  of  the  skin,  may  produce 
blisters.  It  is  sometimes  used  for  this  purpose  instead  of  cantharides, 
especially  in  nephritis,  where  the  latter  can  not  be  employed.  It  is,  how- 
ever, more  painful. 

It  is  frequently  used  in  more  dilute  form  as  liniment  for  counterirritatlon. 

The  Inhalation  of  Ammonia. — Free,  or  in  the  form  of  aromatic  spirit, 
or  of  carbonate,  this  is  used  for  reflex  stimulation  in  fainting,  etc.  Care 
must  be  used,  since  too  high  concentrations  of  the  vapor  may  produce 
bronchitis  or  pneumonia. 

Poisoning  by  Swallowing  Ammonia. — This  presents  the  same  phe- 
nomena as  other  caustic  alkalies  except  that  the  respiratory  passages  arc 
more  involved  by  the  inhalation  of  the  vapor. 

Five  to  io  Gm.  of  the  official  solution  would  be  toxic;  30  Gm.  are  generally  fatal, 
although  recovery  has  occurred  from  60  Gm. 

Inhdlaiion  of  Ammonia. — This  produces  the  effects  described  under  volatile  irritants. 
For  man  0.5  to  i :  1,000  become  insupportable. 

For  *' Preparations,"  see  Index. 
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ALKALINE  SALTS  ANB  SOAPS 

The  soluble  bicarbonatcs,  basic  phosphates,  borates,  sulphids  and 
soaps,  act  as  milk  alkalies;  since  iheir  watery  solutions  undergo  hydro- 
lytic  dissociation,  with  the  liberation  of  OH  ions. 

Actions  and  Uses. — By  their  alkalinity,  they  dissolve  mucus,  soften 
the  epidermis  and  hair,  and  emulsify  and  dissolve  fats.  They  are  there- 
fore employed  in  catarrhal  conditions;  in  skin  diseases  (seborrhea,  acne, 
ichthyosis,  psoriasis,  and  epidermal  proliferations);  to  facilitate  the  pene- 
tracion  of  antiseptic  remedies  into  the  skin  (in  scabies,  favus,  rinjovorm); 
lo emulsify  cutaneous  remedies  (mercury,  tar,  sulphur);  as  lubricants  for 
liiuments  (soap  liniment);  as  cleansing  agents  (detergents),  especially  in 
the  form  of  soaps  and  borax;  and  as  depilatories  (especially  the  sulphids). 

Laxatiye  Action. — In  the  rectum,  soap  secures  prompt  evacuation. 
It  is  used  for  this  purpose  as  warm  soap-suds  enemas;  or  solid,  formed  into 
a  suppository. 

The  Detergent  Action  of  Soaps. — This  is  due  to  the  mechanical  effect  of  the  (oam, 
Ibe  unulsificiition  of  the  j;rease.  and  the  s<iftening  of  the  epidermis,  so  that  the  super- 
fidil  layers  are  readily  removed  with  the  adherent  dirt. 

Poiusium  soaps  ore  the  more  energetic.  They  are  semiliquid  (Mft  soap);  sodium 
forn»  hard  soaps. 

AOuJine  Baths. — In  skin  diseases,  these  arc  t>est  administered  at  bedtime.  Any 
oi  the  alkaline  siilts  can  be  used;  such  as  sodium  carbonate  or  bicarbonate,  potassium 
cuixHiatc,  or  borax,  in  the  proportion  of  about  100  Gm.  per  bath;  for  lotions,  .'  per  cent. 

AatUeptic  Action. — Strong  soap  solutions  arc  fairly  antiseptic.  Even  weak  solutions 
T-  "f'AW  fatal  III  trcponcma  pallidum  (Reaaoncr,  1917). 

n  and  Bates  recommend  2.5  per  cent,  solution  of  common  yellow  soap  as  non- 
;  -.aund  antiseptic. 

Hemolytic  Action. — .\lkalies,  and  especially  soaps,  are  hcmol)tic.  These  also  sen- 
■'lii<  piieumiicocci  to  serum-lysis  (Flexncr,  1013). 

RuCoqrtosis. — This  is  stimulated  by  soaps,  even  in  fairly  high  concentrations;  but 
ciccMlvely  strong  solutions  are  detrimental  (Hamburger  and  de  Haan»  IQ13). 


PREPARATIONS — SOAP 

•Sa^,  U.S.P..  Sapo  Durus  (Sap.  Dur.),  B.P.;  Soap  (White  Castile  Soap).— Pre- 
Cttjrd  from  sodium  hydroxid  and  olive  oil.    A  white  solid;  sol.  in  hot  water  and  ale. 
Sep  Animol  ,  B.P.;  Curd  Soap. — Hard  soap  prepared  from  animal  fat. 
•Sip(7  Moliis  (Sapo  Moll,).  U.S.P.;  (Sap.  Moll.),  B.P.;  Soft  Soap  (Green  Soap. 
Stpn  Viridis,  Sapo  Kalinus). —  Made  from  potassium  hvdroxid  and  vegetable  oil  (cot- 
IctPfrr!  V  S  P  ,  olive,  B.P.).     A  soft,  unctuous,  yellowish  mass. 

■■im  Saponis   (Lin.   Sapon.),   U.S. P.;   Soap  Liniment  (Opodeldoc). — An 
aon  of  0  per  cent,  of  soap,  4.5  per  cent,  of  camphor,  ana  i  per  cent,  of 


'!  Sap.f  B,P. — Similar  to  the  preceding. 
*  u»w  Sap&n.  Moll.,  U.S.?.  (Tincture  of  Green  Soap). — 2  parts  of  the  soap, 
4  aLathol.  flavored  with  lavender  oil. 


part 


ALKALINE  SULPHIDS 

When  applied  to  the  skin,  the  sulphids  (K,  Na,  Ca)  soften  the  stratum  comeum, 
like  ine  alkalies,  and  they  are  used  in  the  same  conditions.     Their  action  on  hair  is 
>^Uter,  so  that  they  are  valuable  as  depilatories,  especially  calx    sulphurata. 
■likeo  by  mouth,  they  act  as  irritants  ana  corrosives,  through  the  liberation  of 
uiUWRtted  hydrogen  and  free  alkali. 

Tmk  Doses. — These  produce  the  systemic  effects  of  hydrogen  sulphid.     Death  has 

'^"\  13  to  15  Cm.     Smaller  doses  have  little  systemic  action,  as  they   are 

•  d.     They  are  excreted  in  the  urine  mainly  as  sulphates;  but  there  9e«m 

.  e  organic  sulphur  compounds. 

A  umall  amount  of  some  volatile  sulphur  compound  is  also  c.tcreted  by  the  /unj^i, 

Cinnf  the  peculiar  HjS  odor  to  the  breath,  and  casuing  some  expectorant  ailion. 
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When  injected  inlravencnsly,  the  sulphids  produce  violent  convulsions,  followed  by 
depression  of  the  medullary  centers.     This  is  due  to  a  direct  action.    Outside  of  tl 
body,  sulphids  form  h  peculiar  compound  with  htrmoglobin,  but  this  does  not  occ 
during  life,  in  mammals. 

Therapeutic  Uses.— The  sulphids  are  used  extcrnallv,  in  skin  diseases  (psoriasi 
acne,  etc.);  and  as  parasiticides  in  scabies  (solution  of  the  skin  and  eggs  of  the  mite) 

The  sulphids  have  been  proposed  as  an  atiiidate  far  hydrocyanic  arid,  since  they 
would  form  sulphoryanids,  which  do  not  have  the  hydrocyanic  arid  action.  This  has 
not  been  tested.     It  is  possible  that  the  reaction  goes  on  too  slowly  to  be  of  value. 
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KCaiiii  Sulphidum  Cntdnm  (Calc.  Sulphid,  Crud.),  U.S.P.;  Calx  Suipkuraic  (CaU 
Sulphur),  B.P.;  Crude  Calcium  Sulphid,  Sulphurated  Lime. — A  mixture  containing 
about  55  per  cent,  of  CaS.  A  pale  gray  or  yellowish  powder;  faint  odor  of  hydrogen 
sulphid;  nauseous  alkalinie  taste.  Very  slightly  sol.  in  cold  water;  more  readily  sol, 
in  Doiling  water  with  partial  decomposition;  insol.  in  ale.  Used  as  depilatory,  mix 
with  an  equal  quantity  of  starch  and  made  into  a  paste.  Internally  it  is  used  again: 
boils  and  other  suppurations.  Its  efi&ciency  is  doubtful.  DosCj  o.o6  Gm.,  i  gr.,  U.S.P. 
I  (J  to  6o  mg..  j-i  to  I  gr.,  B.P. 

Vleminakx's  sotutivn  is  a  solution  of  calcium  polysulphids,  used  in  scialries  (i:i) 
and  as  a  bath  in  skin  diseases  (3  drams  per  gallon). 

Pusey.  1Q20,  recommends  it  against  warts.    These  are  just  covered  with  a  drcssi 
soaked  in  the  undiluted  solution,  applied  e\*ery  night  until  irritation  is  produced;  then 
less  frequently  till  the  wart  disappears  or  can  be  removed. 

Pot.  Sulphurat..  U.S.P. ;  f Potass.  Sulphur.,  B.P);  Sulphurated  Potash  (Liver   cf 
Sulphur). — A   mixture   composed   chiefly   of  potassium  polysulpliids  and    potas&ium 
thiosulphale.     Freely  sol.  in  water  (1 -3).     Used  in  baths  (30  to  200  Gm.,  1  to6oun< 
per  bath). 

HYDROGEN  SULPHID  fH,S) 
This  gas  is  extremely  toxic,  much  more  so  than  is  commonly  realized. 
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Actions. — These  are  partly  local  and  irritant,  due  to  its  acid  character;  and  partly 
central,  somewhat  rc.<icmbling  asphyxia.  In  vitro,  it  forms  a  firm  compound  (sulph- 
hemoglobin)  with  tlic  blood  pigment.  Thick  layers  have  a  brown  color.  Thin  stra 
apfK-ar  a  dirty  green,  which  is  responsible  for  the  postmortem  discoloration.  Lew 
believes  that  the  effects  arc  due  to  the  interference  of  the  compound  with  oxygenation;^ 
however,  it  is  generally  Ijelieved  that  only  traces  are  formed  during  life  (E.  Meyer, 
iSqS)  and  Uuit  the  sulphid  is  directly  toxic  to  the  nervous  system. 

Occurrence. — Hydrogen  sulphid  is  formed  in  putrefaction,  particularly  of  sewerage. 
"Sewer  gas"  consists  essentially  of  COi,  NHi.  CHi,  and  2  to  8  per  cent,  of  HjS.  Small 
quantities  are  also  formed  in  intestinal  putrefaction,  gi\'ingrise  to  diarrhea  and  possibly 
to  some  of  the  s>'mptoms  of  *' intestinal  autointoxication."  It  may  be  removed  by  the 
administration  of  bismuth  salts,  and  its  further  formation  checked  by  cathartics  and 
intestinal  antiseptics. 

Concentratioas  in  the  Respired  Air. — 0.0:  per  cent,  produces  symptoms,  particu- 
larly irritation  of  the  conjunctiva  and  broncnial  mucosji;  0.05  per  cent,  produces 
asphyxial  symptoms;  hjperpnea,  nausea,  Riddines^,  headache,  cerebral  excitement,  and 
finally  narcosis;  0.07  per  cent,  produces  death  after  about  an  hour  under  coma,  often 
with  convulsions;  0.2  per  cent,  is  fatal  to  dogs  in  one  and  one-half  minutes.  The  after- 
effect's resemble  those  of  carbon  monoxid.  Edema  of  the  lungs  and  pneumonia 
common  sequels  (Lehmann.  iSqi). 

H»S  is  partly  excreted  by  the  lungs.     The  urine  is  also  said  to  contain   sulphids. 
[t  is  readily  detected  in  air  by  its  odor  and  by  blackening  lead  or  silver-paper.     1 
case  of  death,  it  may  be  recognized  by  the  blackening  of  a  silver  coin  laid  on  the  skin 

Sulphur  Springs. — Ilydronen  sulphid  is  contained  in  small  quantity  in  a  number 
mineral  waters  (sulphur  springs).  These  are  recommended  for  a  variety  of  obs^-u 
disorders — rheumatism,  pout,  diabetes,  etc.  When  the&c  waters  are  adminlste 
for  some  time,  they  cause  diuresis  and  diaphorcai.s,  irritation  of  the  urinar>'  passages^ 
intestinal  irritation,  and  muscular  pains.  Their  therapeutic  effects  arc  probably  to  h^ 
referred  to  their  laxative,  diuretic  and  diaphoretic  actions,  although  the  general  hygienics 
conditions  must  contribute  largely  to  the  results,  as  mth  other  mineral  waters  (BocckcTi 
«8gs). 
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SXJLPHUR 

Uses. — ^Sulphur  is  employed  as  a  parasiticide  in  itch;  as  a  mild  cutane- 

us  irritant  in  skin  diseases  (sulphur  ointment);  and  internally  as  a  laxative 
r  softening  the  stools,  especially  in  hemorrhoids  (as  Comfwund  Licorice 
wder,  or  mixed  with  an  equal  amount  of  Potassium  bitarlrate).  Like 
iher  intestinal  irritants,  sulphur  somewhat  increases  the  elimination  of 
uric  acid  TAbl,  1913). 

Manner  of  Attiofi. — Sulphur  itself  b  inactive,  but  by  contact  with 
roteins  and  alkalies  it  is  slowly  converted  into  the  active  sulphids.  This 
process  is  so  gradual  that  the  action  is  always  mild  and  protracted,  unless 
the  finely  divided  "precipitated"  sulphur  is  used.  Ordinary  or  "washed" 
sulphur  therefore  deser\'es  preference.  Sulphur  is  somewhat  soluble  in 
ointment  bases,  and  this  facilitates  its  action  (Sabbatani,  1Q13).  Sulphur 
is  also  burned  for  fumigation,  the  disinfectant  action  being  due  to  the 
formation  of  SO3.  It  is  highly  effective  against  most  insects,  especially 
musquitos  and  bed  bugs;  but  is  quite  ineffective  against  lice  (Bacot,  itiiS). 


Ponnation  of  Sulphids. — This  is  effected  on  the  skin  by  the  cutAncous  secretions. 

chaoge  occurs  in  the  stomach;  but  a  cousiderahle  amount  (to  10  per  cent.)  is  con- 
into  HfS  in  the  intestine,  as  may  be  readily  seen  from  the  increased  secretion 

sulphate  by  the  urine.    The  conversion  was  formerly  referred  to  the  alkalies  of  the 

estjne;  but  HcITIlt  (1904'  points  out  that  the  alkali  e:(ists  as  bicarbonate,  which 
not  affect  the  conversion.     He  showed  that  it  is  produced  by  proteins  of  all  kinds 

n   after  these   are  twiled.     The  hydrogen  sulphid  is  formed  most  abundantly  in 

lai^e  intestines  iTaeKen,  IQ13).  (Frankl,  191 1,  claims  that  the  effects  are  due  to 
the  formation  of  sulphites.) 

Colloid  Sulphur. -A  new  modification  of  sulphur  in  '*  colloid  solution'*  produces 
H9S  much  more  rapidly,  also  on  intru venous  injection;  tind  thus  causes  typical  H«S 
poisoaing  without  other  x-isiblc  effects  (Sabbatani,  1908,  1913,  1914).  Its  preparation 
13  described  by  Luman,  1917. 

Alopecia. — Sulphur  {3  to  4  per  cent.)  ^  used  in  the  seborrheic  form,  as  also  other 
irrita.nt-5  r«j|icylic  acid,  i  to  2  fwr  cent.;  mercuric  chlorid,  0.1  to  0.4  per  cent.;  l>eta- 
fsapbthol.  1  to  2  per  cent;  pilocarpin,  0.15  per  cent.;  cantharides;  resorcin  i\  to  2  per 
cent.,  discolors  the  hair).  These  agents  may  be  dissolved  in  water,  glycerin  or  oils,  or 
applied  as  ointments  (Dorc,  1914). 


PREPARATIONS — SULPHUR 


*Syipkur  SubUmaium  (Sulph.  SubUm.).  U.S.P.;  (Sulphur  Subtim.),  B.P.;  Sublimed 
'      "  luwers  of  Sulphur). — ^A  fine,  gritty,  light  yellow  powder,  of  slight  odor,  and 
:  taste.     Ins<)l.  in  water;  nearly  insol.  in  aic;  slightly  sol.  in  fat  solvents  and 
^■~ .  ■'   '0  carbon  difulphid.     For  fumigation,  it  is  used  in  the  ratio  of  2  pounds 

ipCT  I  el.     It  contains  some  free  acid  and  other  impurities,  but  is  sufficiently 

pu«  !  .il  use,  although  the  Washed  should  be  preferred.     It  enters  into  all 

t^  U.f.  preparations,  whilst  those  of  the  U.S. P.  are  made  from  Washed  Sulphur.  Dose, 
4  Gn-,  I  dram,  U.S. P.;  1,2  to  4  Gm.,  20  to  60  gr.,  B.P.  Sulphur  also  enters  into  Pulvis 
Qytyrrhuur  Co,  fscc  Index). 

*Snipkur  Loium  (Sulph.  Lot.),  U.S.P.;  Washed  Sulphur. — This  b  prepared  by  wosh- 
'"i;  with  ammonia  water  to  remove  the  acid.     Its  properties  are  similar 
hut  it  is  tasteless  and  odorless.     Dose,  4  Om.,  i  aram,  U.S. P. 

Ipilatnm  (.Sulph.  Pra-c.),  U.S. P.;  (Sulphur  Pr:ec.).  B.P.;  Precipiutcd 

^^hir  rLac  Sulphuris,  Milk  of  Sulphur). — This  is  prepared  by  precipitating  sulphur- 
••"oUme  with  arid  An  amory^hnus,  pale  yellow  powder.  It  is  a  much  finer  powder 
ttio«il>Iimed  sulphur  and  is  therefore  rather  more  active;  but  its  dose  is  the  same. 

\i'nptenium  Sulphuris  'Ung.  Sulphur.),  U.S.P.,  B.P.;  Sulphur  Ointment. — 15  per 
<*ot  of  sulphur,  U..S.P.;  10  per  cent.,  B.P  ;  in  bcnzoinated  lard. 

Conf.  Sitiphvr.,  B.P. — 45  per  cent,  of  Sulphur,  1 1  per  cent,  of  Potass.  Bilart.     Dostj 
4  to  %  Gm.,  60  to  I  JO  gr..  B.P. 

t'otk,  Sulpks^r.,  B.P.— 0.3  Gm.  of  Sulphur. 
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ICHTHYOL 

Uses. — Peculiar  value  has  been  attributed  to  the  incompletely  oxidized  sulphur 
occurring  in  organic  compounds.  The  pioneer  product  of  this  kind  is  Uhihyol,  which 
contains  lo  per  cent,  of  sulphur  as  sulfons,  mercaptans,  and  sulphids. 

This  has  been  employed  extensively,  but  has  probably  little  value  other  than  emol- 
lient.    It  is  weakly  antiseptic  and   mildly  irritant.     Taken  internally,   it  produci 
gastro-intestinal  irritation,  with  diarrhea.     Its  influence  on  raetaboli&m  is  in  dispute, 
it  has  been  u-^ed  locaJly  to  cause  absorption  of  swellings  and  effusions,  in  contusion: 
burns,  etc..  and  especially  in  Kvnecologic  practice.     It  has  also  been  used  in  skin  disease* 
acting  somewhat  like  sulphur.     htUrnally,  it  has  been  endorsed  against  the  greatest 
variety  of  diseases  of  digestion,  respiration,  gcnito-urinary  tract,  tuberculosis,  etc. 
These  claims  bear  the  stamp  of  exaggeration. 

The  commercial  success  of  ichlhyol  has  led  to  the  substitution  of  a  number  of  fy»- 
ikctic  prodnrts,  formed  by  saturating  mineral  oils  with  sulphur.  Linseed  oil  saturated 
with  sulphur  has  long  been  used  in  domestic  medicine  under  the  name  of  Harlem  Oil.   . 
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PREPARATIONS — ICHTHYOL 

^IcMkyolt  N.N.R.  (Ammonium  Sulpho-ichthyolatc). — .\  mixture  prepared  by  sulph- 
oning  the  tar-like  distillate  obtained  from  bituminous  shales  found  in  Tyrol,  and  vrhW 
contain  the  fossil  remains  of  fishes.  A  dark  brown  syrupy  liquid  of  characteristic 
cmpyreumatic  odor  and  burning  taste;  of  faintly  acid  reaction.  Miscible  with  glycerii 
oil  or  fats;  incompletely  soluble  in  ak.  Insoluble  in  water  (Hostmann,  1915).  Dost 
internally,  0.3  to  2  c.c.  (j^  to  30  minims)  mostly  in  simple  suspension  in  water,  or  pepper^ 
mint  water,  sometimes  in  the  form  of  pills  or  capsules;  locally,  in  vaginal,  uterine 
rectal  suppositories;  in  0.06  to  o.iS  c.c.  (i  to  j;  minims)  bougies  or  i  to  3  per  cent,  solu^ 
tion  for  gonorrheal  treatment. 

THIOSINAMm 

Uses. — This  is  allyl-sulphocarbamid,  prepared  by  heating  volatile  oil  of  mustaril] 
(allyl  tJiiocyanate)  with  alcoholic  solution  of  ammonia.  It  was  introduced  by  Hebrs 
and  Uana.  1892,  and  has  been  credited  with  causing  the  absorption  of  exudates,  l>'m' 
phatic  swellings,  scar-tissue,  etc.;  and  with  the  cure  of  lupus.  The  administration  muU, 
DC  continued  for  weeks,  and  combined  with  massage  and  other  adjuvant  measures.  t| 
is  therefore  difficult  to  judge  whether  it  has  any  value.  The  clinical  opinions  are  codi 
tniclictor>*,  and  no  sati^actory  explanation  has  been  offered  for  its  reputed  effects, 
probably  does  little,  if  any  good,  and  it  may  produce  toxic  systemic  effects,  although  i| 
IS  usually  well  borne,  except  for  the  bitter  taste  and  garlic  eructations. 

Toxic  EJffcts. — In  man,  i  (jm.,  or  0.3  Om.  on  repeated  use,  have  caused  headache 
nausea,  vomiting,  lassitude  and  fever  (J. A.M. A.,  s6  1835,  1911;  Charteris,  loio;  Scifc 
Nebcnwirk.,  1915,  p.  1S2).     TTicsc  may  set  in  suddenly  after  it  has  been  used  for  a 
uneventfully.     In  animals,  TyroHe,  iqio,  found  impaired  respiration,  eventually  C( 
lion,  and  death;  sometimes  pulmonar>'  edema  and  h>pcremia  (Lange.  1892).    The  cii 
lation  b  not  affected  in  mammals,  but  high  concentrations  paralyze  the  frog*s  heartJ] 
Smaller  doses  produce  severe  changes  in  metabolism,  with  loss  of  nitrogen  and  rapid 
emaciation;  and  fatly  degenerations  of  parenchymatous  organs,  especially  the  heart 
and  kidneys.     Normal  connective  tissue  showed  no  changes. 

OtHtr  Mlyt  Cotnpoutids. — Allyl  acetic  acid,  allyl  urea  and  dimethylallylamin  are 
indiflerent;  allyl  iodid  is  strongly  irritant;  allyl  formate  produces  necrosis  of  the  Uvefij 
and  kidneys;  allyl  amin  is  highly  toxic.    The  effects  arc  described  by  Piazza,  1915. 


PREPARATIONS — THIOSINAMIN 

Tkiatinamina,  Thiownamine;  (NHj)'CSNHCHa-CH  :  CHi. — Colorless  crystals, 
slight  garlic  odor  and  bitter  taste.  Slightly  sol.  in  water,  with  decomposition;  dissoh 
in  ale.  or  glyc.  The  oral  dose  is  0.03  to  o.i  Gm.  in  capsules.  It  is  usually  admmistei 
by  hypodermic  injection  (which  need  not  be  made  at  the  site  of  the  lesion),  doily 
every  third  day,  0.05  to  0.3  Gm.,  in  t5  per  cent,  alcohol  or  lopercent.  glycerin.  Sint 
the  solvents  produce  local  irritation,  Ftbrolynn  may  be  substituted  (Mendel,  iqoO. 

Fibrolysin,   (Lin.  Thiosinam.  Sodio-Salicylutts). — 15  per  cent,  of  a  double  salt 
thiosinamin  aad  soa.  salicyl.     Dosr,  a  2  c.c.  vial,  corresponding  to  0.3  Gm.  of  Thiosinamin.' 

CAUSTIC  ACIDS 

Members. — The  most  typical  acids  in  regard  to  the  local  action  are  sulphuric  ai 
roduces  the  same  effects,  but  differs  from  int 


kydrochioru  acid. 
chemic  action,  producing 


Nitric  acid  pr 

xantDoproteic  acid  from  the  proteins. 


lesc  in 
Sulphuroia  acid 


L 


CAUSTIC  ACIDS 


153 


^■Thr 


mJso  a  marked  conosive  power.  Hydrojiuork  acid  has  a  specific  toxic  action,  pene- 
tntts  very  deeply,  and  is  especially  slrongly  corrosive,  producing  obeltnatc  ulcers. 
Its  iiiholation  from  air  containing  0.02  per  cent,  produces  anitc  catarrhal  irritation. 
0(  the  orgonk  adds,  those  of  the  falty  scries  act  similarly,  but  arc  weaker.  The 
iticMhr-acctic  acid  ife  the  most  corrosive  of  these.  Oxaiu  (Kt'd  occupies  a  place  by  itself 
account  uf  its  specific  action,  pruduccd  prob;ibIy  by  the  precipitation  of  the  calcium. 
The  comfiotjttd  acids — such  as  ethyl-sulphuric,  etc. — act  likt  organic  acids.  The 
fie  aiidx  act  partly  as  adds,  but  this  is  greatly  obscured  by  their  collapse  action. 
The  irritant  action  of  the  acids  is  also  shared  to  some  extent  by  the  acid  saUs,  acid 
txrtralrs.  acid  sulphates,  etc. 

Manaer  of  Action. — This  varies  to  some  extent  with  the  constituents  of  the  tissues. 
BuV  on  the  whole,  it  consists,  with  concentrated  acids,  in  withdrawal  of  water;  in  the 
fannation  of  add  albumins;  in  softening  of  the  connective  tissue  and  epithelium;  and 
m^aeci&l  situations,  in  solution  of  calcareous  material. 

The  concentrated  acids  have  an  affinity  for  water,  and  withdraw  this  from  the 
cctls.  This  affinity  is  so  strong  in  the  case  of  concentrated  HjSO^  that  not  only  the 
forcwd  water  is  withdrawn  from  the  tissues,  but  the  elements  H  and  0  are  split  off  from 
ibcirthermc  combinations  with  carbon,  leading  lo  carbonization. 

\11  acids  convert  proteins  into  add-albumins,  which  are  insoluble  in  moderately 
ttronf.  but  soluble  in  concentrated  or  verv  weak  adds.  Upon  this  precipitation  « 
pmletns  depends  their  astringent  and  styptic  action. 

Tbc  fonnrfltTc  li.r.uie  undergoes  a  nilher  peculiar  change.  It  is  not  dissolved,  but 
issaitrned  and  rendered  more  soluble  in  boiling  water.  (This  explains  why  meat  be- 
come* more  tender  on  keeping.)  The  concentrated  acids  have  a  similar  effect  upon 
tfithftium.  Without  actually  dissolving  it.  they  soften  it  in  such  a  manner  that  it  is 
fwdily  detached.     Dilute  acids,  on  the  other  hand,  harden  it. 


Poisoning  by  Concentrated  Acids. — This  j)resents  the  usual  plienomena 
of  caustic  piiisoniiiK.  ll  is  extremely  painful.  The  ''coffee-grounds" 
utmit  is  characteristic.  Scar  formation  and  stenosis  are  frequent.'  The 
''5r.)gnosis  and  toxic  dose  depend  upon  the  concentration,  and  the  parts 
iftciieil.  The  treatment  has  been  discussed.  Sulphuric  acid  poisoning 
:-"  liif  most  common. 

Continued  exposure  to  the  vapors  of  acids,  such  as  occurs  in  certain 
trades,  pive  rise  to  chronic  bronchitis.  They  also  attack  the  teeth  and 
from  these  the  necrosis  may  spread  to   the  jaw,  as  with  phosphorus. 

ftM.~&eca.nse  of  the  intense  pain,  deep  penetration  and  extensive  scar  formation, 
»dd§  ut  not  desirable  cauterizants.  Niiric  and  tri-chlor-aceiic  acid  form  relatively 
6flB  cKh&n,  so  that  their  action  is  more  circumscribed  and  less  painful.  Sulphuric 
9Qd  bas  been  made  into  a  paste  with  various  inert  powders  ^ charcoal,  sawdust,  lead 
>wJph«te^  rlc.)  to  Itxalize  its  action,  but  is  still  painful  and  diffKult  lo  control  1  Puscy, 
•Qi-t/.  Lactic  acid  has  a  relatively  mild  action  on  normal  tissues.  Chromic  acid  may 
caa*r  poisoning  when  used  as  a  caustic. 

Antiseptic  Action. — The  destruction  of  proteins  makes  acids  efficient  antiseptics. 
tvcn  quite  dilute  solutions,  such  as  the  gastric  juice,  suffice  to  limit  the  growth  ol  bac- 
^*^    The  concentrated  acids  destroy  them  outright. 


PREPAJIATIONS- 


rAUSTlC  ACIDS 


Adiwm  ffydrockloricum  (.Acid.  Hydrochlor),  U.S.P.,  B.P.;  Hydrochloric  Acid 
CUontic  ,\cid). — About  32  per  cent,  of  HCL  Colorless,  fuming  liquid.  Pungent 
odcr-  The  f^Mmcrcto/  acid  (strength  =  jo  to  33  per  cent.)  ha*  a  golden  yellow  color  due 
to  Fr  tod  free  CL    Since  it  often  contains  ,\5,  it  snould  not  be  used  in  internal  medicine. 

AciSmm  LiuSicum  (Acid.  Lact.),  U.S.P.,  B.P.;  Lactic  Acid. — A  liquid  containing 
Lsctk  Add  lapticaDy  inactive  alphahydrox>-propionic  acid,  CHjCIIOIICOOH)  and 
hcxic  uliTdriaiBS.  A  colorless,  or  slightly  yellow,  syrupy  liquid,  nearly  odorle&s,  acid 
tama^  afcaotMAg  moisture  on  exposure  to  air.  Misciole  with  water,  ale.  or  ether. 
^^Wr_'_C-t,  10  minims.  U.S. P.;  i  to  2  c.c,  so  to  ^o  minims,  B  P.  Used  as  caustic, 
M  Wfyneeai  tubcrculoGis,  and  for  dissoMng  diphtheritic  membranes. 

«,  ttdAaftta's  Atlai  ol  L««b1  Medictoe.  PUtcs  jj.  34.  43.  jA  &ad  J7. 
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^Acidum  Niiruum  (Acid.  Xit.J.  U.S.P.,  B.P.;  Nitric  Acid— About^o^SRHCTM 
H\Oi.  Fuming  liquid,  ver>'  caustic  and  corrosive.  Peculiar  somewhat  sufTocatii^^l 
mlor.  Used  as  a  caustic  for  warts  (glass  rod);  against  hyperbydrosis  of  feet  (i  to^^' 
ounces  to  pail  of  water);  as  disinfectant  (corrodes  metal  vessels  or  pipes). 

Commercial  nilric  tuid  contains  about  60  to  64  per  cent.;  the  ^'Jumtn^"  add  is  almo^^ 
absolute  HNOg,  saturated  with  NOi. 

Aii4.  Sitrohydrochl.,  U.S.P.|  Nitrohydrochloric  acid  (Nitromuriatic  add,  Aqu.^ 
Kcgia) . — A  strong  solution  contaming  hydrochloric  acid,  nitric  add,  nitrosv!  chlorid  an«:l 
chlorin.  Made  by  mixing  18  c.c.  of  nitric  acid  with  82  c.c.  of  hydrochloric  acid.  J^S. 
golden-yellow,  fuming,  and  very  corrosive  liquid;  strong  odor  of  chlorin.  Dost^  o. 
c.c,  3  minims,  U.S. P..  diluted. 

Add.  XiirohydrothL  DU.,  US. P. — Nitric  acid,  10  c.c;  Hydrochloric  acid,  45.5  c.tr- 
Water,  194.5  c.c  Colorless  or  pale  yellowish  liquid.  Faint  odor  of  chlorin.  Dos-^^ 
1  ex.,  15  minims,  U.S. P.,  diluted.  On  account  of  the  free  chlorin,  it  may  be  supposc^«K 
to  have  a  stronger  local  irritant  action  than  IICI.  It  is  popularly  supposed  to  "stimi— :ai 
late  the  liver,"  but  its  action  docs  not  differ  in  kind  from  that  of  other  adds. 

Acid.  Nilro-kydrpcM.  DU.,  B.P. — Nitric  acid,  24  c.c;  Hydrochloric  acid,  J2   c.c 
Water,  200  c.c;  kept  fourteen  days  before  use.     Dose,  o.si  to  i.a  c.c,  5  to  20  minim: 
B.P.,  diluted. 

Acidt4W  Osmkum,  Osmic  Acid,  OsO*. — Intraneural  injections  are  used  to  produ( — ^* 
degenerali*>n  of  nerves  for  the  relief  of  pcr.<4istenl  neuralgias  (Billroth  and  Neubt  ^B" 
i^Ss).  The  treatment  is  best  applied  by  injecting  ^  to  i  c.c  of  a  fresh  1  to  2  per  cen  "* 
solution  directly  into  the,  preferably  exposed,  nerve.  The  result  is  sometimes  imm«^^ 
diate,  but  more  commonly  it  is  not  complete  until  after  one  or  two  weeks,  or  it  ma--^ 
even  fail  entirely.  If  successful,  the  effects  persist  at  least  for  several  months,  when  ^  ' 
may  become  necessary  to  repeat  the  injection.  They  are  rarely  if  ever  pcrmanen^^C 
The  local  reaction  is  always  painful  but  not  serious.  It  is  probably  not  advisable  t^ 
use  osmic  acid  in  the  presence  of  renal  disease  (Kaslman,  iQofi). 

Acid.  Siilphurifum  (Acid.  Sulph.),  U.S. P..  B,P.:  .Sulphuric  .\cid. — About  05  percent 
of  HjSOf.  An  oily,  colorless  liquid,  acquiring  a  brown  color  if  exposed  to  dust.  Vej 
intensely  corrosive,  charring  organic  substances.  Miscible  in  all  proportions  wit- 
water  or  ale.  with  the  evolution  of  much  heat.  (Such  mi.\ing  must  be  done  very  cai«  -" 
tiously  by  slowly  pouring  the  acid  into  the  wiilrr,  under  constint  stirring.)  The  Conm  -^ 
mercial  Sulphuric  Acid  (Oil  of  Vitriolj  is  very  apt  to  contain  arsenic,  and  should  not  b^ 
employed  in  medidne. 

Acidum  Trichhrardu:um  (Arid.  Trichloracct.),  U.S.P.;  Trichloracetic  Add. — /%■ 
monobasic  organic  acid,  CChCOOH.  Colorless,  deliquescent  crystals,  having  *■ 
slight,  characteristic  odor.  Very  sol.  in  water  or  ale  Used  in  substance  or  stroof^ 
solution,  especially  against  warts,  less  painful  than  nitric  acid.  ^_ 

DILUTE  ACIDS  " 

Local  Effects. — Dilute  acids  produce  a  mild  irritation,  and  at  the  same  time  hardeo 
the  epithelium,  without  destroymg  it.  They  differ  from  the  volatile  organic  irritants 
in  that  they  do  not  penetrate  so  deeply,  and  do  not  cause  nephritis. 

They  may  be  used  in  the  form  of  baths,  in  the  strength  of  about  30  c.c  ( i  ounce)  oi 
concentrated  acid  to  the  bath  (.^o  gallons).  Or  they  may  be  applied  as  lotions.  Formic 
add  esoecially  is  applied  in  the  strength  of  about  4  per  cent,  or  5  per  cent,  in  alcohol - 

Acids  are  URfl  m  excessive  secretion  of  sweat  (sweating  feet)  to  harden  the  epi— 
dermis.  For  this  purpose  5  or  10  c.c  of  concentrated  hydrochloric  acid  arc  put  in  a  basin 
of  water  and  the  feet  placed  in  this  until  tbcy  become  painful.  This  is  done  about  twice 
a  week. 

The  irritant  action  of  the  volatile  acids  is  sometimes  employed  to  produce  refiesc 
stimulation  of  the  central  nervous  s>'stem  by  inhaling  \incgar,  etc. 

Acidum  Formiatm. — Formic  Acid,  HCOjH. 

THE  HALOIDS 

These  comprise  bromin,  iodin,  chlorin,  and  tiie  hypochlorites. 

Their  corrosive  action  is  determined  Irj'  their  entering  very  easily  into  chcmic 
tion  with  all  kinds  of  organic  substances,  taking  from  them  hydrogen  and  foi 
hydrobromic,  hydrochloric,  and  hydriodic  acids,  which  have  the  ordinary  acid  actions- 
If  water  is  present  they  set  free  oxygen  in  the  form  of  ozone,  by  combining  with  thi 
hydrogen  of  the  water;  this  is  also'a  strong  irritant.     The  halogens  furthermore  enH 
directly  into  the  protein  molecule. 


HALOIDS 
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Uses. — The  tincture  or  solution,  painted  on  the  skin,  produces  a  mild 

I  deep  and  [icrsistent  irritation  which  can  be  easily  graduated  by  suc- 

ive  applications.     This  irritation  is  used  to  secure  the  correction  of 

chronic   inflammations   and    the   absorption   of   inflammatory   exudates 

ileura,  joints,  etc.).     Formerly  iodin  was  employed  to  secure  adhesive 

animation  of  serous  cavities  and  cysts.     At  present  Ihe  most  extensive 

of  iodin  is  as  an  antiseptic.    The  internal  uses  are  discussed  under 

Antiseptic  Aciion. — This  is  used  especially  fur  disinfecting  wounds,  and 
lor  preparing  the  skin  for  operations  (Woodburg,  1907;  Straitan,  1909, 
For  the  latter  purpose,  a_3jifiLxent.  alcoholic  solution  Ls  painted 
the  dried  skin  of  the  operative  field  fin.  the  preceding  day,  and  again 
t  before  operating.     The  official  tincture  is  used  on  recent  wounds. 
The  clinical  results  are  excellent;  even  dirty  wounds  healing  rapidly, 
e  simple  alcoholic  solution  deserves  preference  for  skin  disinfection. 
melimcs  there  is  rather  severe  irritation  (Herzog,  1014).     The  stain 
y  lie  removed  by  warm  concentrated  solution  of  sodium  thjosulph^te 
Jtwy,  191 1)  or  by  ammonia. 

T>,.-  riitirtn  has  been  attributed  to  the  formation  of  antiseptic  compounds  with  the 

imacher,  1915).    Streptococci  in  cultures  are  destroyed  by  iodin,  i  :  1000, 

'  ,  cvca  in  moderately  albuminuus  fluids  (Albert  and  Taylor,  igiH). 

Lxijcnmental  results  wi^h  infcctwj  wounds  were  also  good,  the  iodin  being  effective 

thin  five  hours  after  infection.  $.€..  until  the  bacteria  have  spread  too  deeply  f  Brunncr, 

On  the  other  hand,  bacterial  tests  from  the  skin  after  iodin  application,  have  given 
Jy  equivocal  results. 

Experiments  with  tissue-fuUures  showed  tliat  iodiii  is  rather  more  toxic  to  bacteria 
1(1  human  connective  tissue-cells.     It  tends  to  dissolve  the  fibrin  of  tlic  cultures 
.V  Lambert,  iqi6). 

Spirochete  cultures  arc  not  especially  susceptible  to  iodin;  the  fatal  concentration  is 
:73in  RT  solution  (Akntsu,  1917). 

Iodin  Against  Bunts. — \  10  per  cent,  tincture  has  been  used.  It  causes  severe  pains 
4  or  <  minutes,  said  to  l>e  succeeded  by  complete  relief  of  pain  (Mercier,  1919).  Its 
^^abImy  15  doubtful. 

Pkarmaceutii  Preparations. — Simple  alcoholic  solution  of  iodin  spreads  more  evenly 
uDJcuagulatesprotem  more  readily.     These  are  ad\'antages  in  skin  infection.     The  skin 
be  dry,  to  avoid  precipitation  of  the  iodin.     The  presence  of  KI,  as  in  the 
il  Tincture,  and  in  Compound  Solution,  delays  precipitation  and  favors  penctra- 
and  is  therefore  better  for  wound  disinfection.     It  is  not  more  irritant  to  the  skin 
presence  of  an  iodid  is  essential  if  the  iodin  is  to  be  diluted  with  water.    It  also 
the  formation  of  HI  in  the  tincture.     Several  proprietary  "soluble  iodines" 
in  place  of  KI.     This  has  no  advantage,  cither  as  to  efficiency  or  irritation  (Soil- 
iQig).     Benzene  which  dissolves  up  to  10  per  cent,  of  iodin  has  been  used  as  a 

war-practice, 
rch  looifi,  "  the  blue  adsorption  product  of  iodin  and  starch,  combines  slowly 
itein  and  is  therefore  but  slightly  irritanL   ^Starch  containing  1  per  cent,  of 
used  as  an  antiseptic  wound  dressing  (Luncere,  iQrj), 

local  Phenomena. — -Applied  to  the  skin  iodin  produces  a  mahogany 
r^smatlinK,  erythematous  inflammation,  infiltration  of  subcutaneous 
de&<iuamalion  of  the  epidermis  in  large  shreds;  if  repealed,  vesica- 
iults.  The  effects  on  mucous  membranes  are  more  severe  and  may 
produce  corrosion.  Its  action  is  chemical,  since  it  precipitates  proteins 
»« tisily  fiissociated  compounds.  It  is  absorbed  somewhat  from  the  skin 
U"i  excreted  mainly  in  the  urine  as  iodid. 

Employmeat  as  Counterirritant. — ^lodin  is  used  especially  in  chronic 
Ituial   effusions,    chronic    rheumatism,  diseased  joints,  enlarged  lymph 
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gtands,  lymphangitis,  etc.    It  has  also  been  employed  in  erysipelas,  paiai 
ing  the  tincture  from  the  periphery  toward  the  center,  five  or  six  tim( 
daily  (Ferrari.   191 1);  but  Wood  warns  thai  the  action  must  be  gradi 
very  mildly,  or  it  will  produce  extensive  necrosis. 


The  "absorptive"  effect  of  iodin  has  been  deraonstraled  experimentally  on 
6brous  nodules  following  intradcpmic  injection  of  local  anesthetics  (Sollmann,  1019^ 
Positive  results  were  obtained  only  if  the  iodin  was  applied  daily  for  8  days,  and  pushed 
to  considerable  irritation  of  the  skin.    Shorter  continuance  was  ineffective,  even  if  a 
larger  amount  of  iodin  was  applied  and  the  irritation  was  more  intense. 

Preparations  for  CoutttrrirritMion. — The  official  tincture  is  effective  and  m 
convenient  and  stable  than  the  simple  alcoholic  solution.  Iodin  ointment  is  rail< 
and  correspondingly  less  effective. 

Iodin  Absorption  from  Human  Skin.~lo6\d  docs  not  appear  in  the  urine  after 
single  application  of  the  tincture  or  ointment,  so  that  only  very  little  is  absorbed 
(Wetzel  and  Sollmann,  iQ^o).     More  is  probably  absorbed  if  the  skin  has  been  inju 
by  repeated  applications.    Luckhardt  et  at,  1920,  report  some  absorption  from  U: 
duses. 

Injections  into  cysts,  hydrocele,  empyema,  etc.,  produce  at  first  increase  of  the  fluid, 
then  adhesive  inflammation.  The  injections  are  painful,  and  have  often  caused 
serious  poisoning.     They  are  now  displaced  by  surgical  procedures. 

Toxic  efffcU  from  iodin  absorption  from  cysts  consist  in  cyanosis,  salivation,  vomitii 
skin  eruptions,  high  fever,  and  collapse.  The  urine  is  scanty  and  albuminous.  T 
intoxication  may  persist  for  sc\'eral  da>'S  and  then  end  with  sudden  death. 

The  toxic  effects  of  swallowing  iodin  are  successively:  gastric  uneai 
ness;  disagreeable  metallic  taste;  violent  vomiting;  abdominal  pain;  an 
sometimes  purging.  The  vomit  has  the  color  of  lOdin,  or  is  blue  if  stare 
is  present. 
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The  fatal  dose  is  usually  to  about4,jU^jQm.;  but  recovery  is  said  to  have  occu 
after  10  Gm. 

Toxic  Efect  in  Mammals. — Bochm,  1876,  found  that  the  intravenous  infection 
0.04  Gra.  per  Kg.  is  fatal.    Symptoms  set  in  only  after  6  or  8  hours,  with  exhausti< 
dyspnea,  and  death  in  12  to  24  hours.     Necropsy  shows  bloody  pulmonary  and  pic 
exudate  and  renal  congestion  and  hemorrhages. 

CircuUi'ion. — Perfusion  of  excised  frog  hearts  with  dilute  iodin  solutions  produ 
irregularities,  followed  by  depression.     Stronger  solutions  result  in  diastolic  ar 
Intravenously,  it  depresses  the  circulation  greatly  in  cats,  not  in  dogs  (Salant 
Livingston,  iqi6). 

Toxifitv  of  Iodin  Fumts. — The  inhalation  of  iodin  vapor  produces  pulmo 
irritation  fdyspnea,  etc.).  The  inhalation  of  more  than  iS  mg.  per  Kg.  is  fatal, 
danger  is  increased  by  tlie  presence  of  respiratory  disease,  bronchitis,  etc.  This  sho« 
enjoin  caution  in  the  therapeutic  use  of  iodin  inhalations.  The  iodin  is  partly  absorbc 
appears  promptly  in  the  urine,  and  produced  histologic  changes  in  the  thyroid  (Lu 
hardt  et  al,  ig2o). 

The  treatment  of  iodin  poisoning  consists  in  evacuation;  demulcents 
(eggs,  milk,  oils,  and  cooked  flour  01  starch,  which  form  loose  compounds 
with  iodin);  dilute  alkalies  (NaHCOa);  and  5  per  cent,  sodium  thiosi 
phate  (**Hypo'*).  The  last  binds  the  iodin:  aNaaS-Oa  -|-  2I  =  2NaI 
NasSiOftfSabbatani,  1913).    The  further  treatment  would  be  symptomati 


PREPAKATIONS — IODIN 

^  lodumt  tJ.S.P.,  6. P.;  Iodin,  x.  Bluish  black,  friable  scales,  of  distinctive  odor  a 

acrid  taste.  Very  slighUy  sol.  in  water  (i  :  2950);  sol.  in  ale.  {i  :  12.5),  or  glyc.  (1  :8 
freely  sol.  in  fat  solvents  or  aqueous  solutions  of  iodids.  Doxcj  5  mg.,  M2CT3  U.S. 
diluted;  maximal,  30  mg.,  f^  gr.  -     ^ 

<  •  Tr.  lodi,  U.S.P.;  Tincture  of  Iodine. — 7  per  cent,  iodin;  5  per  cent.  KI;  in  1 
Dose,  0.1  c-c^  i>5j  minims,  U.S.P.,  diluted;  maximal,  0.3  c.c,  5  minims.  The  KI 
the  tincture  makes  it  miscible  with  water  and  insures  against  loss  of  strength  on  kecpi 
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(Vitixentjoen,  iqoS).     (When  iodin  is  administered  in  milk,  it  h  largely  converted  into 
todtd  inU  albuminates.) 

*  Tfit  priiuipiil  imompatiHlilics  of  iodin  arc:  alkaloid:};  alkalies  and  carbonates; 
unnin;  turpentine  and  volatile  oils. 

Eighteen  per  cent,  of  water  may  be  added  to  saturated  alcoholic  solution  of  iodin 
before  precipitation  occurs  (Schoori  and  Kcgcnbogcn,  1919). 

•  Tf.  Jodi  Fort.,  B.P.— 10  per  cent,  iodin,  6  per  cent.  KI. 

7r.  Jodi  Mil.,  B.P. — 3.5  ioain,  2.5  percent.  KI.  Dose,  0.12  too.3c.c.,  a  to  s  minims, 
BJ'..iiiUile<i. 

iiy.  lodi  Co.,  US.P.  (LugoVs  Solution). — 5  per  cent,  iodin,  10  per  cent.  KI,  in  water. 
,0.2  f  f  I  j  IHifl'"'"   U.S. p..  diluted. 

V»g.  Ifldi,  U.S.P.,  B.P. —4  |i€r  cent,  each  of  Io<iin  and  KI,  in  lard  base. 

Wben  free  iodin  is  rubbed  with  fat,  it  combines  almost  immediately  and  completely; 
but  when  KI  and  glycerin  are  added,  as  in  the  ofEcial  ointment,  tins  combination  is 
tHiricted;  these  ointments  contain  permanently  about  3  per  cent,  of  free  iodin  (PaUen, 
igir;  Fried,  191  j;  Warren,  IQ17). 

Tkt  most  stable  ointment  is  made  with  yellow  petrolatum  (Ewe,  1930).  Iodin  is 
wtoble  in  iijfuid  pctrolahtm  to  1.4  per  cent.,  practically  without  combination  (A.  M. 
CM.  19191. 

THE  LOCAL  ACTIONS  OF  METALLIC  SALTS 

UftcbiBnism  of  Action. — Metallic  salts  combine  with  proteins  to  form  more  or  less 

ifiicultly  soluble  compounds  containing  varying  amounts  of  the  metal  and  proteins. 

Tht  icid  of  the  metallic  salt  is  thus  set  free.     If,  for  instance,  a  solution  of  ferric 

'  1^  4dded  to  egg-albumen,  the  result  is  an  albuminate  of  iron,  and  free  bydro- 


The  local  effects  of  metallic  salts,  therefore,  rest  on  two  factors:  the 
ipitant  action  of  the  metal,  and  the  irritant  action  of  the  liberated 
Jcid.    Both  influence  the  total  efTect. 

Corrosive  and  Astringent  Metallic  Salts. — Some  of  the  metal  albumi- 

i.ul-^  are  almost  ineioluble  in  water;  some  are  soluble  in  excess  of  protein, 

■\\y  when  neutral  salts  are  present;  others  are  not.     If  the  pre- 

,:_:i:  is  soluble,  there  is  no  obstacle  to  the  penetration  of  the  metal,  and 

'is  action,  irritant  or  caustic,  is  deep.     If,  on   the  other  hand,  the  pre- 

cinilate  is  insoluble,  as  in  the  case  of  lead  salts,  penetration  can  not  take 

pwtc:  the  irritation  is  contined  to  the  surface,  and  an  astringent  action 

rwills.     In  regard  to  this,  the  metals  stand  in  about  the  following  order: 

TV  most  astringent  is  lead;  then  comes  aluminum;  then  iron;  then  zinc, 

silver,  and  tin,  which  are  about  on  a  level;  the  most  caustic  is 

V.     As  to  the  liberated  acids,  the  strongest  caustic  action  appears 

■'•chloric  acid;  then  comes  nitric  acid;  then  sulphuric;  then  phos- 

,   the  weakest   of  all   are   the  organic  acids— acetic,  citric,  and 

tartaric- 

By  proper  combination,  then,  between  the  metals  and  the  acids,  one 
Bay  obtain  any  grade  of  action  from  pure  caustic  to  pure  astringent. 
The  most  typical  caustic  would  be  mercuric  chlorid,  the  most  typical 
wiringcnt,  lead  acetate. 

The  strength  of  action  depends  also  upon  the  concentration  in  which  the  salt  is 
M,  and  this  is  often  limited  by  its  solubility.  The  chlorid  of  silver  would,  theorcl- 
oUy,  be  a  stronger  caustic  than  the  nitrate,  but  since  it  is  not  soluble,  it  can  not  be  used 
^li)r  <.»m.:  concentration. 

!  be  forgotten  that  the  irritant,  the  astringfcnt.  and  the  caustic  action,  are 

-  of  the  same  process.    The  astringent  action  always  precedes  the  caustic 

»;U:i;4oJ,  conseauently.  oy  proper  dilution,  one  may  obtain  astringent  effects  from 

■ii*  »hirh  arc  ordinarily  purely  caustic.     For  instance,  silver  nitrate  can  l>e  so  gradu- 

''('■I  in  strength  as  to  have  a  purely  astringent  action,  without  any  caustic  effect  whftt* 
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U  is.  therefore,  impossible  to  establish  a  perfectly  definite  classiftcatton  between  th« 
metallic  sails.     An  approximation  to  it  is  given  in  the  follonnng  table: 

Mainly  Caustic:  All  Hg  salu;  ZnCIj;  SnCI,;  SbCli;  Urtar  emetic;  CuSO,. 
Both   Caustic  and    Astringent:  Fc  salts;  ZnSO«;  ZnAc,;*   CuAc,;   AgNOi; 

Pb(NO,),;  Pbl,. 
Mainly   Astringent:  Alum;   PbAcj;    PbtOAc*;   ZnO;     Bi   subnitratc;   white 

precipitate. 

The  Caustic  Action  of  Metallic  Salts, — This  was  formerly  used  quite  extensively,  bu 
it  has  now  been  largely  abandoned.  Most  are  not  sufficiently  powerful  for  this  purpose 
others,  again,  are  too  toxic,  being  absorbed  in  sufficient  amount  to  produce  poisoning 
To  the  latter  class  belong  arsenic,  antimony,  and  mercury.  Zinc  chlorid  and  antimony 
chlorid  (Butter  of  .\ntimony)  are  very  active  caustics,  but  rather  too  diffluent.  Theii 
scab  is  lyo  soft  that  tbeir  action  can  not  be  kept  within  bounds,  in  fact,  of  all  tb< 
metallic  caustics,  silver  nitrate  in  the  form  of  slicks  (Lunar  Caustic),  and  to  a  less  evtenl 
copper  sulphate,  are  alone  used  to  produce  a  purely  caustic  action.  ArsenU,  were  it  not 
for  Its  toxicity,  would  be  a  very  useful  corrosive.  Its  action  is  so  slow  that  it  can  be  very 
readily  limited.  It  was  believed  to  destroy  only  pathologic  formations,  lea\nnK  healthy 
tissue  intact.  This  would  be  easily  understood,  from  the  fact  that  the  former  a« 
much  less  staple.  Silirr  nitrate  is  also  quite  easily  controlled,  since  its  action  may  be 
stopped  at  once  by  washing  with  NaCl,  which  converts  it  into  AgCl. 

MelaUic  Salts  used  for  Asiringeni  Actum. — The  soluble  zinc  salts  are 
most  commonly  used  on  mucous  membranes  and  ulcers;  the  aluminum 
salts  are  employeti  especially  on  the  skin.  Iron  salts  arc  used  in  gargles. 
Silver  nitrate  is  applied  in  dilute  solutions.  Lead  salts  are  effective 
astringents,  but  should  not  be  used  internally,  nor  for  any  length  of  time 
externally,  because  of  the  danger  of  chronic  poisoning. 

Mixtures  of  astringents  are  sometimes  employed;  but  they  have  no 
serious  advantage,  and  their  penetration  can  not  be  controlled  as 
exactly. 

Insoluble  Metallk  Compounds. — These  are  also  somewhat  astringent: 
partly  because  of  their  mechanical  action,  partly  because  small  quantities 
of  the  metal  are  diswK'ed  by  the  protein  of  the  tissues.  To  this  class 
belong  zinc  oxid  and  carbonate,  and  bismuth  subnitrate  and  subcarbonate 

Therapeutic  Applications.- -For  use  on  open  wounds^  tdcers,  abscesses, 
etc.,  for  the  astringency  and  a  mild  stimulation  leading  to  repair,  silvei 
nitrate  is  used  extensively,  also  the  soluble  zinc  salts  and  alum.  Thcj 
are  applied  in  strengths  of  from  12  per  cent,  to  5  per  cent.  The  insoluble 
aslringenls  may  be  used  as  dusting-powders,  or  in  the  form  of  ointments— 
5  per  cent,  to  20  per  cent.  It  must  not  be  forgotten  that  absorption  i* 
fairly  free  from  open  surfaces,  and  calomel,  bismuth,  lead,  etc.,  must  be 
used  with  caution.     Zinc  oxid  is  quite  safe,  and  ts  one  of  the  most  uscfid. 

The  nitu'OMS  membranes  which  arc  easily  accessible  to  the  local  action 
of  astringents  are  those  of  the  mouth,  conjunctiva,  nose,  gcnito-urinary 
tract,  and  rectum.  The  same  salts  as  in  the  case  of  open  wounds  can  be 
used,  as  also  tannin.  They  are  employed  in  somewhat  weaker  solution, 
as  gargles,  washes  or  injections.  The  usual  strength  is  from  \<2  to  i  F>tt 
cent.  For  vagina  or  rectum,  double  this;  in  the  conjunctiva  and  nose, 
perhaps  one-fourth  of  this.  In  the  case  of  the  genito-urinary  tract, 
irritation  is  particularly  undesirable.  For  this  reason  non-irritant  protein 
comi>ounds  of  silver  have  become  popular. 

Astringents  cause  actual  constriction  of  the  mucous  membranes,  and 
may  in  this  way  bring  about  the  complete  disappearance  of  small  poi\ 

In  the  alimentary  canal  the  astringents  are  useful  mainly  by  dimi 
ing  results  of  inflammation;  i.e.,  the  vomitingand  diarrhea. 

*  Ac  -  Acetate.  m^ 
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Against  vomiting,  especially  when  caused  by  ulceration,  bismuth  sub- 
nitrale  or  subcarbonate  seem  to  be  the  most  useful.  These  act  not  only 
in  virtue  of  their  astringency,  but  also  somewhat  after  the  manner  of 
inert  dusting-powder,  affording  an  artificial  protective  covering  to  ihe 
walls  of  the  viscus  by  adhering  to  them.  Silver  nitrate  is  also  some- 
limes  used  in  doses  of  about  i  eg.  (*fi  grain),  dissolved  in  water  and  given 
three  times  a  day. 

Their  action  on  diarrhea  is  entirely  similar.  Bismuth  is  again  pre- 
tcrred;  silver  nitrate  is  often  very  useful  in  the  summer  diarrhea  of  infants. 

Further  details  will  be  found  under  the  respective  metals. 


TANNINS  AND  VEGETABLE  ASTRINGENTS 

Actions  and  Uses.^The  tannins  are  a  group  of  widely  distributed 
vej^eublc  principles,  which  precipitate  proteins  and  are  therefore  astrin- 
Kcitl;  and  which  give  blue  or  green  compounds  with  iron  salts  They  are 
Itss  destructive  than  the  metals;  and  being  practically  non-toxic  they  are 
'S'wUlly  suited  for  use  in  the  alimentary  canal.  They  do  not  decrease 
f'Lnstalsis  directly,  but  do  so  indirectly,  by  allaying  the  underlying  inliam- 
ftwtion.  Their  employment  in  diarrhea  dates  back  at  least  beyond  the 
fourth  century  B.  C. 

Mttho^i  of  Tt!sHn%  AitringaU  Action. — Ordinarily  astringent  ucUon  depends  on  the 
pxcipiution  of  the  prolcinfl  (Milscherlich,  1S43;  I>cwin.  1881,  Harnack,  \9Aq\.  This 
■■y  be  irsted  directly;  or  by  measuring  the  diminished  extensibility  of  tissues,  for 
•"Stance  the  lucgii  (Dreseri;  or  by  the  shortening  of  tis.sucs  which  ensues  when  Ihcir 
:'■ '^tns  arc  prcdpilalpd  (Crawford,  iSiS);  or  l»y  the  property  of  rendering  red  cor- 
•i^^lc  resistant  to  hemolysis  (SoHmann.  lorol;  or  by  the  suppression  of  secretion  on 
',  "^  froth's  skin  (Schuetz);  or  by  obserx'ntion  of  blood-vessels  in  the  exposed  mcsentcr\' 
''•^inz!;  or  by  the  chnical  response  in  catarrhs  or  diarrheas;  or  very  simply  and  with 
f»t)»cr  surprising  accuracy,  by  the  taste. 

Influence   of  Reaction    ill -ion   Concentration). — The    tannin    protein 
Predpitatcs  are  soluble  both  in  acids  and  alkalies  beyond  a  certain  con- 
centration; i.e.,  precipitation  and  astringency  occurs  only  within  a  limitetl 
'"anpe  of  H-ion  concentration.     The  exact  range  varies  somewhat  with 
conditions:  but  under  ordinary  conditions,  this  lies  between  Vu    =  1  and 
8.^,  i.e.,  between  the  acidity  of  o..^5  per  cent,  hydrochloric  acid  or  the 
maximum  acidity  of  the  gastric  juice;  and  the  alkalinity  of  a  sodium 
bicarbonate  solution,  or  of  the  extreme  alkalinity  of  the  intestinal  juice. 
The  optimum  reaction  is  somewhat  toward  the  acid  side,  i.e.,  P^  =  3  to 
5,  or  alx»ut  the  turning  point  of  methyl  orange  which  is  at  Vu  3.1  to  4,4 
(Sollmann,  1920). 

These  differences  are  important  for  the  therapeutic  action  of  tannin. 
The  reaction  of  most  mucous  membranes  and  tissues  evidently  falls 
within  the  precipitation  range;  but  in  the  intestinal  tract  the  conditions 
arc  rather  complicated. 

Btkamor  of  TanntH  in  ike  Iniestinat  Trad. — The  reaction  of  the  stomach  varies. 
Tbe  *mp(y  stomachy  when  resting,  has  reactions  within  the  precipitation  range;  and 
taniun  I^Atld  thus  t>e  astringenL  Wilh  the  secretion  of  acid  juice,  the  reaction  would 
Mt  first  Mcoroc  more  favorabBB  precipitation,  and  astringency  would  increase. 

WiTien  taken  with  foud,  th^ood  proteins  would  combine  with  much  or  most  of  the 
tuuitn,  and  ihc  astringent  action  on  the  gastric  mucosa  would  be  slight.  The  degree 
oC  precipitation  would  again  vary  with  the  reaction:  It  would  at  first  mcrease  with  the 
aciuity;  hut  as  this  apt)roachcd  a  maximum,  part  of  the  nrotcin-lannate  would  be 
redisaolvrd  The  gaslnc  digestion  of  protein  would  not  moaify  the  conditions  materi- 
afly,  since  albumoses  and  probM^Mptones  are  also  precipitated  by  tannin. 
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In  the  duodenum,  the  tannin  would  arrive  mtiinly  as  tannin-proteinate;  partly 
dpilated  and  partly  in  solution,  depending  on  the  reaction.  Some  tannin  may 
liccn  adsorbed  by  the  precipitate,  and  thus  be  present  in  free  form. 

On  a^ri^•in^  in  the  duo<ienum,  the  unfavorably  high  acidity  of  the  chyle  would  W 
partly  neutralized,  and  the  reaction  would  thus  be  most  favorable  to  protein-tannit 
precipitation  and  therefore  to  astringency. 

In  the  ileum,  the  reaction  becomes  gradually  more  alkaline  and  correspondingly  lesi 
favorable  to  prccipilalion.  The  tannin  can  therefore  precipitate  less  protein  than  h 
the  duodenum;  and  therefore  there  can  be  no  aMringcncy  by  the  tannin  protcinatc) 
that  arrive  from  the  duodenum;  although,  U  Jrec  tannins  ^^*e^e  added  directly  to  th( 
ileum  some  precipitation  and  astringcncy  would  occur. 

The  level  of  the  ileum  whore  astringenc>*  ceases  varies  with  the  difference  in  reaction 
and  perhaps  still  more  with  ihc  length  of  the  sojourn  in  the  duodenum.  The  shonca 
this  sojourn,  the  less  marked  will  be  the  difference  in  the  reaction  of  the  chyle  at  tb< 
several  levels,  and  the  greater  will  be  the  chances  of  prolonging  the  astringency.  Thi 
may  be  one  reason  why  the  constipative  effects  of  tannin  are  much  more  pronouncea 
in  diarrhea  than  in  normal  individuals.  In  no  case,  however,  does  the  astringc 
extend  into  the  large  intestines. 

Some  free  tannin  is  actually  added  by  the  complete  cleavage  and  absorption  of 
proteins;  but  this  also  docs  not  extend  very  far,  since  the  alkaline  intestine  gradr 
decomposes  tannin  into  non-astringent  compounds. 

Masked  Tannin  Compounds. — The  astringent  and  irritant  action-^ 
free  tannin  on  the  gastric  mucosa  is  undesirable.  This  has  prompie* 
the  introduction  of  various  preparations  that  hold  their  tannin  in  sue 
form  that  its  solution  or  action  is  delayed;  ideally,  until  it  would  reach  it- 
intestines;  or  better  still,  so  that  the  liberation  of  the  tannin  would  ext( 
through  the  whole  course  of  the  intestine. 

Astringent  P/fl«/-r.v/rar/s.^Preparations  of  krameria,gambir  (catechi 
kino,  etc.  have  been  supposed  to  act  more  slowly  than  tannic  acid,  becaiLS 
of  the  protective  influence  of  their  colloids.  In  vitro,  they  prccipita.ti 
proteins  just  as  readily:  but  the  colloids  probably  protect  the  gastrM 
mucosa  somewhat  by  hindering  its  contact  with  the  tannin.  In  practice, 
however,  they  have  been  generally  displaced  by  the  synthetic  compounds. 

Synthetic  Tannin  Compounds. — The  general  aim  in  devising  the 
synthetic  compounds  has  been  to  make  them  insoluble  in  water  and 
fluids,  and  soluble  in  alkaline  solutions.  This  ideal  was  based  on 
taken  views  as  to  the  true  reaction  of  the  intestinal  contents;  but  tl 
properties  arc  still  commonly  claimed,  although  they  have  not 
realized  in  any  instance  (Leech,  igao).  All  the  commercial  preparatioi 
are  somewhat  soluble  in  water;  and  most  are  about  as  soluble  in  dilute 
acid  as  in  dilute  alkali.  This  is  rather  fortunate;  for  the  reaction  of  the 
small  intestines  is  more  often  acid  than  alkaline.  The  real  advantage 
of  the  compounds  lies  in  the  fact  that  their  tannin  is  dissolved  or  becomes 
active  quite  slowly,  whatever  the  reaction.  The  slower  this  proci 
the  smaller  will  be  the  effect  on  the  stomach,  and  the  farther  will 
astringency  extend  into  the  intestines. 

The  two  compounds  that  have  established  themselves  in  pracU) 
are  exsiccated  tannin  albuminate  and  acetyl-tannic  acid. 

Exsuaied  Tannin  Albuminates  (Albutannin;  Tannalbin). — Contrary  to  the  pre\'ai 
opinions,  these  dissolve  rather  better  in  artificial  acid-^^ric  juice  than  in  bifitvbonate- 
trj'psin  solutions.  However,  their  solubility  is  so  slol^^at  they  can  only  be  slightly 
astringent  in  the  stomach.  Considerable  astringency  would  develop  in  the  duodenum, 
when  the  acidity  is  reduced;  and  the  effects  would  continue  somewhat  into  the  laj^ 
intestine,  following  the  cleavage  of  the  undissolved  protcinate  (Sollmann,  1970). 

Tannyl-acet\l    Esters     Acetannal;  Tannigen).— -Commercial   brands  arc  imxti 
of  varjHng  quality;  some  specimens  containing  considerable  free  tannin.     The 
specimens,  however,  appear  fairly  uniform,  and  biU^alightly  soluble  and  astringeni 
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Acid  solution.  Bicarbonate  dissolves  Ihem  and  hydrolyzes  them  slowly.  The  astring- 
«ocy  goes  parallel  to  the  hydrolyisis,  so  that  the  action  would  continue  (or  several 
houxi,  and  could  thus  extend  into  the  lower  intestines.  However,  they  do  not  deserve 
full  confidence  until  the  commercial  products  arc  more  uniform  (SoUmoim,  1920). 

The  official  "tannic  acid"  is  derived  from  nut-galls. 
In  the  course  of  its  absorption,  tannin  is  decomposed  into  the  non- 
istringent  gallic  acid,  pyrogallol,  etc. 

Vadeties  of  Tannin. — Ordinarj-  "tannin**  or  gallo-tannic  acid  is  derived  chemically 
by  the  elimination  of  a  molecule  of  H1O  from  2  molecules  of  gallic  acid  (Tri-hydroxy- 
benzoic  acid,  C»H:.(OH)i.CO0H).  The  numerous  other  varieties  are  of  difierent 
composition,  in  many  cases  unknown.  Some  are  compounds  of  gallic  acid  with  sugar 
or  with  phlorhizin. 

OoQfttipatiTe  Action. — This  has  been  studied  on  cats  with  the  X-ray  method  by 
HessCj  ipii-  In  the  absence  of  diarrhea,  tannalbin  has  no  effect  nn  the  intestinal 
movements  beyond  a  slight  delay  in  the  emptWng  of  the  stomach;  nor  had  it  any  in- 
fluence on  tlie  diarrheas  produced  by  milk-feeding  or  senna;  and  but  Httle  on  the  ca- 
tharsis of  castor  oil.  However,  it  arrested  certain  dietetic  diarrheas  (bread),  and  that 
produced  by  the  colon-action  of  colocynth.  Its  action  is  therefore  not  on  peristalsis, 
hut  on  the  inflamed  mucosa. 

Phannacolocic  Peciilarities.^ — Tannins  form  more  or  less  insoluble  compounds  with 
**^ny  meiab.  alkaloids,  glucosids,  etc.,  and  are  therefore  useful  as  antidotes.  They  also 
^ffccipitatc  proteins,  gelatin  and  connective  tissue  (lealherj,  and  thus  act  us  astringents, 
£*typt3es,  and  antiseptics  (mainlv  by  depriving  the  bacteria  of  food).  The  different 
*'*nin5  are  not  equivalent  in  these  respects.  Some  (which  are  perhaps  misnamed), 
Mich  as  those  of  coffee  and  ipecac,  are  practically  non-precipitant.  Others  present  dif- 
'*f«nccs  in  the  firmness  and  solubility  of  the  precipitate,  which,  when  better  known, 
™*y  prove  of  tlicrapeutic  importance. 

Ptte. — This  is  imperfectly  known;  but  all  of  the  tannin,  even  if  injected  intra- 
'''*K>usly,  undergoes  decomposition  into  gallic  and  pyrogallic  add  and  other  dccom- 
PjsJlion  products,  before  being  excreted.  These  appear  lx>tli  in  the  urine  and  feces 
j£-  Host.  1S07:  the  older  contradictor.'  statements  were  based  on  faulty  tests  for  tannin). 
9^y  the  insoluble  tannates  (Tannigen,  Tannalbin,  elc.i  pass  in  part  undecomposcd 
y»to  the  feces.  The  decomposition  must,  therefore,  take  place  to  a  targe  extent  in  the 
'"tcstinei.  With  ftral  admmistration,  the  urine  contains  at  most  t  per  cent,  of  the 
l^^ie  of  the  tannin. 

The  use  of  tannin  as  antidote  has  been  discussed  under  ''General  Toxicolog>'." 
The  insolubility  of  tannin  compounds  has  been  utilized  in  securing  a  more  prolonged 
'«'<!>  it^ion  of  the  kations.     It  will  be  remembered  ihut  this  is  one  reason  for  the  more 
'**titijj  local  effects  of  galenics  as  compared  with  alkaloids.     Tl  has  been  suggested  lo 
I*"""  li  combinations  iirtificially,  but  these  have  not  come  into  general  use. 

ct  of  the  continued  administration  of  small  amounts  of  tannins  hasconsider- 
**;'*  ,,.,,-.1  i.tncc,  l»L(_ausc  they  arc  contained  in  a  number  nf  leverages;  as  tea  and  certain 
*f***ta.  \  mild  astringent  action  may  lie  locally  tonic  and  bcnellcial;  but  larger  quan- 
^'•^^  prove  actually  irritant,  and  may  lead  to  gastroenteritis. 

^    dim  smalt  amounts  of  tannin  interfere  somewhat  with  ahsorptian.     This  is  largely 
^K   to  their  precipitating  proteins.     But  these  combinations  are  again  decomposed  in 
■mlkalinc  intestine,  so  that  the  interference  is  not  large.  C 

In  the  actual  experiments  of  Bibcrfeld  fiQOj)  on  the  absorption  of  normal  saline 
'  lion  from  a  Vclla  fistula,  this  was  accelerated  by  o.oi  per  cent,  of  tannin;  0.04  per 
*''**^-  had  no  effect;  0.1  to  1  per  cent,  delayed  absorption. 

Oo  the  whole,  one  may  say  that  the  small  quantities  of  tannin  ordi- 
"^t-ily  taken  with  the  food  and  drink  are  not  injurious;  but  thai  large 
^^R.niitie^  I* excessive  tea  drinking)  are  probably  delelertous.  The  tamun 
^  <::«ffee  is  scarcely  astringent,  and  therefore  lacks  this  action. 

Effects  of  Larger  D^m. — These  produce  irritation  and  corrosion 
^J*«dally  if  the  stomach ^Impty;  pain,  vomiting,  diarrhea  or  obstipation' 

PREPARATIONS— TANNIC   AND   GALLIC   AC!DS 

^^  Atidum  Tannicum  (Acid.  Tann.),  U.S.P.,  B. P.;  Tannic  Acid  (Tannin,  Gallotannic 
ftcicj^  Uigallic  Acid);  HCuHtOt. — A  tannin  obtained  from  nut-gall.    Very  sol.  f  i  :  i),  in 
"^^^'glyc.  and  ale.     Almost  insol.  in  eth.  or  chlorof.     Watery  solutions  gradually  spoil 
is 
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on  keeping,  although  they  still  color  iron.  Incompatible  with  alkaHes,  alkaloids,  salts 
of  iron  and  most  other  metab,  proteins  and  gelatin.  Dose^  0.5  Gm.,  8  gr.,  U.S.P.;  0.3 
to  0.6  Gm.,  5  to  xo  gr.,  B.P.  Locally,  for  urethra,  i  to  2  per  cent.;  vagina,  5  per  ce^t.; 
enema,  i  to  2  per  cent.;  rectal  irrigation  (cholera)  Vitoyi  per  cent.;  skin  and  ulcers, 
S  to  20  per  cent.,  or  the  Glycerite. 
t^Glycer.  Acid.  Tann.,  U.S.P.,  B.P.— 20  per  cent. 

Ung.  Acid.  Tann.^  U.S.P. — 20  per  cent. 

Supp.  Acid.  Tann.,  B.P. — 0.2  Gm.,  3  gr.  (against  hemorrhoids). 

Track.  Acid.  Tann.,  U.S.P. — 0.06  Gm.,  i  gr. 

Track.  Acid.  Tann.,  B.P.— 0.03  Gm.,  }i  gr. 
"^^^  Alhittannin  (N.N.R.);  Tannalbin;  Exsicated  Albumin  Tannate,  containing 
about  50  per  cent,  of  tannic  acid  (Gottlieb,  i8q6).  Light  brown,  odorless  and  almost 
tasteless,  powder,  slowly  and  incompletely  soluble  in  water,  gastric  juice  and  dilute 
alkalies  (intestinal  and  pancreatic  juice).  Used  in  diarrhea,  especially  of  children. 
Dose,  I  to  4  Gm.  (15  to  60  gr.)  in  powder  or  tablets,  followed  by  water;  infants,  0.3  to 
o.s  Gm.  in  gruel. 

Acetannin  (N.N.R.):  Tannigen,  Diacetyl tannin  (H.  Meyer,  1894);  insoluble  in 
stomach,  slowly  soluble  in  intestine. 

Acidum  Gallicum  (Acid.  Gall.),  U.S.P.;  CiHj(OH)iCOiH  +  HsO.— Occurs  in  many 
plants,  usu^ly  with  tannic  acid.  It  does  not  precipitate  alkaloids,  albumin,  or  glue. 
The  reputed  astringent  effect  is  perhaps  due  to  a  small  quantity  of  tannin  which  is 
usually  present  (SoUmann,  1920).  Sol.  in  water  (i  :  87);  freely  sol.  in  ale.  (i  :4.6)  or 
glyc.  (1  :  10).    Dose,  i  Gm.,  15  gr.,  U.S.P.    Externally,  i  per  cent.,  as  weak  astringent. 

TANNIN-DRUGS 

These  are  very  numerous,  and  many  might  well  be  dispensed  with. 
Gambir  (Catechu)  would  fulfill  all  indications. 

Acacia  Cortex,  B.P.,  Acacia  Bark. — The  dried  bark  of  Acacia  arabica  and  decurrens. 
Astringent  and  demulcent. 

Dec.  Acac.  Cori.y  B.P. — 6  per  cent.     Dose,  15  to  60  c.c,  H  to  2  ounces,  B.P. 

Bela  Fruct.,  B.P. — The  fresh  fruit  of  Aegle  Marmelos. 

Exi.  Beta  Liq.,  B.P. — Dase,  4  to  8  c.c,  i  to  2  drams,  B.P. 

Butea  Sem.f  B.P. — The  seeds  of  Butea  frondosa. 

BuietB  Gum.,  B.P.  (Bengal  Kino). — The  inspissated  juice  of  Butea  frondosa. 

Galla,  U.S.P.,  B.P.;  Nut-gall. — An  excrescence  on  the  young  twigs  of  Quercus  in- 
fectoria  and  other  allied  species  of  (Juercus  (Oak),  induced  by  the  punctures  on  the  leaf- 
buds  and  by  the  depositea  ova  of  a  wasp,  Cynips  tinctoria.  Contains  50  to  60  per  cent, 
of  tannin,  2  to  5  per  cent,  of  gallic  acid.    DosCf  0.5  Gm.,  8  gr.,  U.S.P. 

Ung,  Gall.,  U.S.P.,  B.P. — 20  per  cent.  It  is  used  especially  against  external 
hemorrhoids. 

Ung.  Gall.  C.  Opio,  B.P. — The  preceding,  with  7.5  per  cent,  of  powdered  Opium. 

Catechu,  B.P.;  Catechu  (Pale);  identical  with  Gambir,  U.S.P. — A  dried  extract  of 
the  leaves  of  young  shoots  of  Uncaria  Gambir. 

*  Tr.  Catechu,  B.P. — 20  per  cent.,  with  Cinnamon.  Dose,  2  to  4  c.c,  H  to  i  dram, 
B.P. 

Pulv.  Catech.  Co.,  B.P. — Catechu,  40  per  cent.;  Kino  and  Krameria,  each  20  per 
cent.;  Cinnamon  and  Nutmeg.    Dose,  0.6  to  4  Gm.,  10  to  60  gr.,  B.P.   <i^^  " 

Track.  Catech.,  B.P. — 0.06  Gm.,  i  gr. 

Catecku  Nigrum  (Catech.  Nigr.)  B.P.;  Black  Catechu. — An  extract  from  the  wood 
of  Acacia  Catechu. 

Embelia  (Embel.),  B.P. — The  dried  fruit  of  Ribes  Embelia  and  robustw  Dose, 
4  to  16  Gm.,  60  to  240  gr.,  B.P.  ^ 

Gambir,  U.S.P.;  Gambir  (Pale  Catechu) ;  identical  with  Catechu,  B.P. — ^  dried 
extract  prepared  from  decoctions  of  the  leaves  and  twigs  of  Ourouparia  Gambirv  \Mn- 
tains  33  to  47  per  o$t.  of  catechu-tannic  acid. .  Dose,  i  Gm.,  15  gr.,  U.S.P.  ^ 

*  Tr.  Gambir  Co.,  U.S.P.  (Compound  Tincture  of  Catechu). — 5  per  cent,  in  50  per 
cent,  alcohol;  flavored  with  cinnamon.    Dose,  4  c.c,  i  dram,  U.S.P. 

Bamamelidis  Cortex,  B.P.;  Hamamelis  Bark  (WitA.Hazcl  Bark). — The  dried  bark 
of  Hamamelis  virginiana.  '" 

Tr,  Hamam.,  B.P. — 10  per  cent,  of  bark.     Dose^  2  to  4  c.c,  ?^  to  i  dram,  B.P. 

Hamam.  FoL,  B.P.;  Hamamelis  Leaves. — Fresh  or  dried.  8  per  cent,  of  tannin 
(Straub,  1899). 

Ext.  Hamam.  Liq.,  B.P. — 50  per  cent,  of  dried  leaves.  Dose,  0.3  to  i  c.c,  5  to  15 
minims,  B.P. 
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Vng.  Hamuim.,  B.P. — lo  per  cent,  of  the  preceding. 

Hamatoxyii  Lignum,  B.P.;  Logwood. — The  heart-wood  of  Hcmatoxylon  campechi- 
'mnum.     12  per  cent,  of  HaematoxyUu. 

Dff.  fltrmaJax.t  B.P. — 5  per  cent.     Dosr.  15  to  60  c.c,  }-<3  to  1  ounce.  B.P. 

Kino,  U.S.?..  B.P.;  Kino. — The  dried  juice  from  the  trunk  of  Ptcrocarpus  Marsup- 
im.  75  per  cent,  of  Kino-tannic  acid.  Dosr,  0.5  Gm.,  8  gr.,  U.S.P.;  0.3  to  1.2  Gm., 
10  20  gr.,  B.P.     It  is  used  especiiilly  in  gargles,  but  its     popularity  is  waning. 

Tr,  Kino,  U.S. P..  B.P. — 10  per  cent.  Dose,  4  cc,  t  dram,  U.S.P.;  a  to  4  c.c, 
•-v  to  I  dram.  B.P. 

Pulr.  Kino  Co.,  B.P.^5  per  cent,  of  opium.     Dose,  o.i  to  t.j  Gm.,  5  to  20  gr.,  B.P. 

Kimt  Eucalypti  (Kino  Euadyp.),  B.P.  (Eucalyptus  Gum,  Red  Gum). — An  exuda- 
in  from  the  stem  of  KucaJvptus  species.     Pose,  0.3  to  i.j  Gm.,  5  to  jo  gr.,  B.P. 

Track.  Kino  Eiualypii,  h.V. — 0.06  Gm..  i  gr. 

Kramer.  Kdd.,  B.P.;  Kramcria  (Rhatany). — The  dried  root  of  Krameria  species. 

Ext.  Kramfr.,  B.P. — A  dry  extract.     Doit,  o.^  to  i  Gm.,  s  to  15  gr.,  B.P. 

Tr.  Kromrr.,  B.P. — 20  per  cent.     Dose^  2  to  4  cc.,  V^  to  i  dram.  B.P. 

Inf.  Kramer..  B.P. — 5  per  cent.     Dose,  15  to  ^o  c.c,  ^  to  1  ounce,  B.P. 

Troch.  Kramer.,  B.P. — 0.06  Gm.,  i  gr. 

Myrobaiiinnm,  B.P.,  Myrobalans. — The  dried  immature  fruit  of  TeiminAlia  Chebulik. 
Dos€,  2  lo  4  Gm.,  30  to  60  gr..  B.P. 

Ung.  ityrobal.,  B.P.^io  per  cent. 

Ung.  Myrobal  C.  Opio.,  B.P. — The  preceding  with  7.5  per  cent,  of  Opium. 

Sappan,  B.P. — The  heart-wood  of  Caesalpinla  Sappan;  similar  to  Logwood. 

De£.  Sappan.,  B.P. — S  per  cent.     Dose.  1 5  to  60  c.c,  ^  to  2  ounces,  B.P. 

Diarrhea  Mixtures. — ^Tnese  are  generally  "shot-gun"  prescriptions  of  which  the 
>llowiDg  arc  tv'pcs: 

.Xfisturn  Contra  Diarrkitam,  N.F.  fSun  Cholera  Mixture). — Equal  parts  of  Tincture 
of  Opium.  Capsicum,  Rhubarb,  Camphor,  Peppermint.  Dose,  to  one  teaspoonful. 
Or.  Tr.  Opium,  Tr.  Catechu,  Tr.  Rhubarb,  Sp.  Peppermint,  Bismuth  subnitratc. 
(Hiatorx.  Raubenhcimer,  iQi6^ 
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ASTRINGENT  STYPTICS 

All  the  metallic  salts,  the  irritant  as  well  as  the  astringent,  and  also 
the  vegetable  astringents,  act  as  local  styptics ;  /*.<■.,  arrest  capillary  hemor- 
rhage. They  do  so  mainly  by  the  formation  of  precipitates  which  occlude 
the  lumen  of  the  small  vessels,  just  as  it  is  occluded  ordinarily  by  fibrin, 
rhey  also  injure  the  vessel  walls  and  thus  tend  to  produce  thrombosis, 

is  is  claimed  especially  for  zinc  chlorid. 

Astringents  can  act  only  when  they  come  into  actual  contact  with  the 
bleeding  vessels.  They  can  not  act  through  a  large  clot  of  blood,  and  if 
such  exists,  it  must  first  l>e  remove<L  At  one  lime  they  were  used  intern- 
ally with  the  idea  of  producing  astringent  action  in  remote  places;  iron 
was  given  by  the  mouth  to  check  bleeding  in  the  uterus.  This  was 
entirely  irrational.  Their  action  can  not  even  extend  beyond  the  stomach, 
since  they  arc  prccijiitated  or  decomposed  in  the  intestine. 

The  indications  for  the  use'of  styptics  arc  to  lessen  bleeding,  especially 
capillary  oozing.  They  have  no  effect  on  spurting  arteries  or  large  veins. 
They  are  sometimes  injected  into  hemorrhoids,  and  have  even  been  in- 
jected into  aneurisms.  Their  injection  into  larger  vessels  is  dangerous, 
as  it  may  produce  embolism. 

The  most  useful  of  the  metallic  styptics  are  the  iron  salts,  especially 
ferric  chlorid  and  ferric  sulphate.  The  ferric  chJorid  is  used  either  as 
the  solution,  or  tincture,  quite  largely  diluted  with  water.  Cotton  may 
l>c  steeped  in  this,  forming  ''styptic  cotton,''  Next  comes  alum,  e^ecially 
the  burnt  alum.     Then  the  soluble  tannins  in  any  form. 

Other  Hemostatic  hfe^isures. — Any  substance  which  gives  a  precipitate  with  proteins 
may  act  as  astringent  styptic;  e.g.,  dilute  acids  in  concentrations  which  neccl  not  be 
caustic    (vinegar   and    lemon    juice).    A    number   of    purely    mechanical  measures 
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favor  the  formation  of  clot:  for  instance,  ordinary  cotton  or  Pengawhar  Djambe  (U„ 
also  contains  tannin).     Cobwebs  forni  a  popular  and  effective  means  for  producing 
the  same  result,  but  are  usually  septic.     One  may  obtain  the  same  effect  by  fine  powdcisj 
which  have  a  strong  attraction  lor  water.    In  case  of  emergency  powdered  or  gran- 
ulated su^ar  is  a  good  st\^^tic,  and  is  at  the  same  lime  antiseptic.     Kephalin  and  tissi  " 
extracts  hasten  coagulation  in  vitro  but  arc  of  little  use  on  wounds.     Other  stypi 
measures  are  position,  raising  the  limb  and  keeping  it  quiet  so  as  to  reduce  the  loc 
congestion;  local  pressure;  depression  of  the  vasomotor  center  by  narcotics;  directt 
constriction  of  the  vessels  by  the  application  of  cold,  or  by  drugs,  such  asepinephrin, 
cocain,  etc. 

EJiticncy  of  Local  Styptics. — This  has  been  tested  experimentally  by  noting  the 
quantity  of  blood  lost  when  a  skin-wound  is  irrigated  with  the  st\'ptic  (Hanzlik,  igiS). 
The  efficiency  was  in  the  following  order;  epinephrin,  the  most  active,  being  taken  aa 
Uic  standard: 

Epinephrin  »  i;  pituitar>'  solution  —  3-4;  Ivramin  =  V4;  acetic  add  «  3^soi 
ferric  chlorid  =  Moo;  tannin  =  l^ooojcocain  =  truce. 

The  following  actually  increase  bleeding;  antinyrin;  apothesin,  procain,  and  other 
synthetic  local  anesthetics;  chloramin  T,  cotanun  salts,  Dakin's  solutions,  emetin, 
hydrastis,  orthoform,  peptone. 
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General  Statement. — Most  volatile  (or  "essential")  oils  are  complex 
mixtures,  generally  containing  terpenes  and  oxidized  aromatic  derivative*. 
The  balsams  and  resins,  which  contain  volatile  oils,  may  l>e  included  in 
the  group.     These  oils  occur  in  numerous  plants,  and  determine  their  us^H 
as   flavors,    aromatics,    carminatives,    antiseptics   and    irritants.     Thci^H 
chief  application  is  for  their  local  effects,  consisting  in  deep  irritation  with 
a  minimum  of  tissue  destruction.     The  sensory  stimulation  is  followed  by^ 
some  anesthesia.     They  exert  a  favorable  influence  on  chronic  inflamma^ 
tions;  partly  by  their  mild  antiseptic  and  irritant  action,  and  partly  hi 
chemotactic  attraction  of  leucocytes.     In  acute  inflammations   they   ai 
more  apt  to  do  harm.     Their  antiseptic  action  is,  in  practice,  relativeii 
weak,  since  they  are  but  slightly  soluble  in  water. 

After  their  absorption  they  are  excreted  mainly  in  combination  with 
glycuronic  acid.     They  irritate  the  kidneys  and  produce  diuresis. 

Central  effects  arc  only  seen  in  poisoning,  and  agree  broadly  with 
those  of  camphor,  which  really  belongs  to  this  group.  These  effects  are 
more  or  less  convulsive,  followed  by  narcosis;  on  direct  apphcation,  stimu- 
lation of  cardiac  muscle;  and  curare  action  on  the  muscle-nen'e  endings.^— 

The  Flavoring  and  Aromatic  Oils  are  considered  in  another  place^f 

Composition. — A  convenient  tabulation  of  the  constituents  of  volatile  oils  is  Ei\*en 
by  Rippetoe  and  Wise,  igia.    The  terpenes  arc 'aromatic,  cyclic  compounds  of  the 
general  empirical  formula,  CioHi*.     Related  to  them  are  the  scmi-terpenes  (CtUi)dH 
sesqui-terpcncs  (C1&H34);  and  di-tcrpencs  (CioHu).     Other  constituents  are  oxidatkid^| 
products  of  thc«!  and  aromatic  phenols,  ketones,  aldehyds.  acids  and  their  compounds.^^ 

The  Antiseptic  Effects. — These  have  been  investigated  especially  by  Robert,  1906; 
Bruning,  loo^;  Gcinitz.  1912;  and  Rippetoe  and  Wise    lyii. 

Chemotactic  Action. — The  value  of  volatile  nils  (particularly  those  enumerated  as 
urinar>'  antiseptics)  in  various  subncutc  and  chronic  inllammations  seems  confirroe^ 
by  clinical  obserx^ations  and  laboratory  experiments.     They  arc  also  said  to  less 
aseptic  inflammations  at  points  remote  from  the  site  of  their  application,  by  decrcasii 
the  formation  of  exudates  and  by  hastening  their  absorption.     The  explanation  may 
chemotactic  attraction  for  leucocytes  (I.^^mi^re,   iKqi;   Borissow;  IlamburRer,    iqi  .  . 
In  this  way  they  withdraw  these  cells  from  the  inflamed  area  into  the  blood  (Winternitx, 
1901). 

Excretion. — Terpenes  are  for  the  most  part  excreted  in  the  urine  in  combinatioo 
with  glycuronic  acid  <Matzel,  1905),  sometimes  after  partial  oxidation. 


fDe<i 


VOLATILE    OILS 


i6s 


Systemic  Actions  of  Volatile  Oils.— Thd  principal  central  effects  of  volatile  oils 
are  reflex.  With  the  ordinary*  doses,  no  direct  action  whatever  can  be  obser\-ed. 
Large  doses  act  on  the  nervous  centers,  especially  the  brain  and  medulla.  These  arc 
first  stimulated,  then  depressed.  The  details  have  been  investigated  especially  by 
Rimini  iQoo;  Hildcbpandt,  1901  and  190^;  Matzcl,  1905;  and  Gcinitz,  igii.  The  de- 
gree of  stimulation  varies  for  the  different  oils.  Turpentine  has  scarcely  any  effect, 
whilst  absinthe,  thujon,  fenchon,  carvon  and  camphor  produce  violent  epileptic  con- 
vulsions. The  depression  is  more  uniform:  The  majority  (valerian,  fennel,  chamomile, 
eucalyptus,  mint,  roscmar>',  sabinol,  citral.  turpentine)  diminish  the  reflex  excitability, 
10  that  Urge  doses  entirely  prevent  strychnin  convulsions  in  rabbits.  The  effective 
doves  are,  however,  entirely  too  lar^e  to  make  it  possible  to  employ  this  action  in  man. 

Ttu  Curnre-artitms  have  been  studied  by  HUdebrandt  ana  by  Matzcl;  the  f.ardiar. 
effe-cis  by  H,  Schwalb,  1Q12. 

According  to  d'Ormca  (1903),  the  intravenous  injection  of  volatile  oils  causes  a 
peculiar  dilation  of  the  cerebral  vrsselSy  the  volume  of  the  brain  increases,  whilst  the  pres- 
sure in  the  circle  of  Willis  falls.  This  effect  is  strongest  with  absinthe,  weak  with 
anise  or  lemon.  Camphor  hns  a  similar  effect.  The  general  blood  pressure  also  falls 
in  most  cases,  but  quite  independently  of  the  changes  m  the  cerebral  circulation. 

If  volatile  oils  are  injected  h3rpodemiicany,  tlicy  pro<luce  at  first  the  reflex  action, 
in  a  more  marked  degree  th.in  when  they  arc  applied  to  the  surface  of  the  skin. 
Later  their  aysiemic.  and  still  later  the  renal,  actions  take  place. 

Isolated  intestinal  Segments  are  stimulated  by  oil  of  anise,  turpentine  and  chenopo- 
dium,  in  concentrations  of  i  :  50,000  to  1  :  25,000.  Higher  concentrations  of  all 
volatile  oils  denresf  (he  movements  (Muirhead  &  Gerald,  1016). 

Hemolytic  ActioD  of  Terpenes. — Ishixaka,  1014,  found  that  this  varied  mainly  with 
the  surface  tension;  but  that  the  alcohol  or  ketone  cliaracter  also  has  an  influence. 
Some  form  mcthcmoglobin. 

OLFACTORY  STIMULANTS 

Odorous  substances  produce  pronounced  reflex  effects.  Pungent  and  aromatic 
drugs  cause  in  this  way  a  prompt  medullary  stimulation,  increasmg  the  respiration 
and  blood  pressure,  and  slowing  the  pulse.  They  arc  especially  useful  in  fainting. 
They  are  employed  by  inhalation.  Tincfiira  La-fondultr  Composite  (U.S. P.,  B.P.)  and 
ATDmatic  Ammonia  are  used  for  this  purpose.  Any  pungent  substance  will  answer  in 
an  emergency;  the  burning  of  a  feather  under  the  nose  of  the  patient  is  a  standard  house- 
hold measure. 

Substances  which  produce  sneezing  (sternutatoria  or  rrrhincs)  act  in  a  similar 
manner,  but  have  passed  out  of  fashion.  They  are  sometimes  useful  as  local  counter- 
irritants  in  nasal  catarrh  (snuff). 

HYSTERIC  SEDATIVES  OR  ANTISPASMODICS 

Actions  and  Uses. — .'\safeLida,  valerian,  and  some  other  malodorous 
dnigs  have  been  used  since  antiquity  as  sedatives  in  hysterical  and  simi- 
lar nervous  conditions.     They  are  often  effective,  presumably  by  olfac- 
tory and  psychic  reflexes.    Asafetida  is  also  carminative,  and  has  been 
used  by  mouth  and  enema  (emulsion)  in  tympanites;  but  it  imparts  its  odor 
to  the  excreta  and  eructations.     Very  large  doses  Q  2  ounce)  have  been 
t&kcn  without  other  noticeable  effects,     I^rge  doses  of  valerian  produce 
sy&temic  action,  but  it  is  very  doubtful  whether  these  occur  with  the  ordi- 
nary doses.    Valerian  was  formerly  used  as  a  perfume,  and  as  a  spice  for 
tneau  and  asafetida  b  said  to  be  similarly  employed  in  Persia. 


PREPARATIONS — HYSTERIC  SEDATIVES 

"Amfftuia    (Asafctj.    U.S. P.;    Axafftida    (Asafct.l,    B.P.;    Asafetida.— The   gum- 

f'^iTj  nb^iined  by  incising  the  rhizome  and  roots  of  Ferula  Asafetida.    Characteristic 

i>i'.ti;r  and  acrid  taste;  forms  milk-white  emulsion  when  triturated  with  water. 

^"'i'Uinrtu't:  3  to  q  per  cent,  volatile  oil;  20  to  30  per  cent,  gum;  45  to  70  per  ccnt. 

'•■■     The  alcoholic  preparations  yield  turbid  mixtures  with  aqueous  liquids.    Dtut, 

'5  Cm..  4  gr.,  U.S.P,;  o.^  to  1  Gm.,  5  to  15  gr.,  B.P.;  best  as  pills, 

H.Ataftl.,  U.S.P.— 0.2  Cm.,  3  gr.   Dose,  2  pills,  U.S.P. 
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Emui.  Asafet.j  U.S.P.  (MUk  of  Asafetida,  Asafetida  Mixture).— Made  by  nibbi 
4  parU  of  asafetida  with  loo  parts  of  water.  Dose,  1.5  cc,  4  drams,  U.S.P.  Us 
especially  as  enema  against  tympanites. 

Tr.  Asafci.,  U.S.P.,  B.P. — 30  per  cent.    Dose^  1  c.c,  15  minims,  U.S.P.;  2  to  4 


B.P. — An  alcoholic  distillate  of  Asafetida,  mixed  with  Am^moni 
JO  to  40  minims,  repeated;  single,  4  to  6  c.c,  60  to  90  minii 

B.P. 


_  to  I  dram,  B.P. 

Sp.  Amman.  Pti. 
Dose,  1.2  to  3.$  c.c. 
largely  diluted,  B.P. 

Valeriana  (Valer.).,  U.S.P.;  VaJer.  Rkiz.,  B.P.;  Valerian. — The  dried  rhizome  and 
roots  of  Valeriana  officinalis.  Don',  2  Gm,,  lo  gr.,  U.S.P.  Contains  .^  to  2  j>cr  cent, 
volatile  oil,  valeric  and  other  organic  acids;  tannin  and  resins.  The  oil  consists  nf  esters 
of  ^Tileric  (valerianic)  acid,  especially  with  borneol.  These  arc  the  bearers  of  the  action, 
free  valeric  acid  and  its  salts  being  quite  ineffective.  The  (resh  root  is  also  ineffcc^fl 
tive,  the  esters  being  formed  only  during  drying,  by  the  action  of  oxidases  (Koclv^| 
mana,  1904).  The  juice  of  the  fresh  plant  also  produces  different  effects  from  the  dried 
valerian  (Pouchet  and  Chevalier.  IQ05).  The  esters  axain  deteriorate  by  oxidation  on 
keeping.     Certain  synthetic  esters  are  said  to  be  more  stable  (Kionka,  1902). 

The  Injeclion  of  Valerian. — This  proriuces  the  usual  effects  of  volatile  oils  (Pouchet 
and  Chevalier.  Kionka,  1Q04);  in  small  doses,  psvchic  exaltation  and  rise  of  blood 
pressure  from  cardiac  and  vasomotor  stimulation;  fn  larger  doses,  central  sensory  and 
motor  depression. 

Excised  Uterus. — This  is  stimulated  by  Valerian  oil  fPilcher,  19161. 

Exdsr4  Iniejtine. — The  contractions  are  depressed  by  valerian  oil  (Delxell,  Burrnan 
and  Pilcher,  1916). 

Tr.  Valer. ^  U.S.P. —  20  per  cent.     Dose^  4  c.c,  1  dram,  U.S.P. 

*Tin<tiira  Valeriantr  Ammoniala  (Tr.  Valer  Ammon.),  U.S.P.,  B.P. — 20  per  ccnt^j 
with  Sp.  Amnion  Arom.,  U.S.P.;  with  ammonia  and  aromatics,  B.P.  Dose,  2  cCfj 
JO  minmis,  U.S.P.;  2  to  4  c.c,  Vj  to  i  dram,  B.P. 

Valer.  Ind.  Khiz.,  B.P. — From  Valeriana  Walachii. 

Tf.  Valer.  Ind.  Ammon. ^  B.P. — Doic,  2  to  4  c.c,  '-j  to  1  dram,  B.P. 

Syniftetif  Valerian  Esters  (N.N.R.). — Amyl  valerate;  Bornj-^'al  (borneol  isovalerate); 
and  Valyl  (valeryldiethyl-amin).     Side  actions,  Seifcrt,  Ncbcnwirk,  1Q15.  p.  99. 

Valerates  (ValerianaUs). — These  have  very  little  value.  They  arc  given  in  doses 
of  0.06  to  I  Om.  (t  to  15  gr.),  generally  in  capsules,  They  are  colorless  cr\'stal5  of  a 
valerianic  odor,  readily  soluble  in  water;  Zinci  Valeras.  U.S.P.,  B.P.;  Ammomi  Valeras,, 
U.S.P, 

Minor  Drugs  of  this  group. — Sumbul  (Musk-root),  Moschus  (Musk),  Costorcum 
Cataria  (Catnip);  and  Symplocarpus  (Skunk -cabbage). 

Moschus^  U.S.?.;  Musk. — ^The  dried  secretion  from  the  preputial  follicles  of  Moschut 
moschiferus.     Dose,  0.35  Gm.,  4  gr.,  U.S.P. 

Tr.  Moschi,  U.S.P. — 5  per  cent.     Do.^e,  4  cc,  1  dram,  U.S.P. 

Sumbtti,    U.S.P.    (Musk-root).— The  rhizome   and   roots  of  Ferula  Sumbul. 
2  Gm.,  .?o  gr.,  U.S.P. 

Exi.  Sumbul,  U.S.P-— A  pilular  extract.     Dose,  0.25  Gm.,  4  gr. 

Fldext.  Sumbul,  U.S.P. — Dose,  2  c.c,  30  minims,  U.S.P. 


Oa   OF   TURPENTINE 


I 


Actions  and  Uses. — Applied  to  the  skin,  this  produces  simple  reddening 
and  burning,  and  is  used  as  a  counlerirritani;  undiluted,  or  mixed  with 
1  to  5  parls  of  oil  ui  liniments.  It  is  often  used  as  "Stupes,"  ;',«,,  flannel 
wrung  out  of  hot  water^  and  then  out  of  warm  turpentine,  and  applied 
for  ten  to  thirty  minutes.  In  susceptible  individuals  it  may  cause  severe 
eruptions,  and  if  left  on  for  several  hours,  blistering. 

Oil  of  turpentine  is  used  e.xtcniaUy  in  bronchitis,  neuralgic  and  rheu- 
matic pains,  and  to  relieve  meteorism.  It  causes  more  severe  irritation 
on  mucous  membranes. 

Inhaled  or  taken  internally  it  diminishes  bronchial  secretions(Ros3bach 
and  Fleischmann).  It  was  used  for  this  purpose  (a  teaspoonful  inhaled 
from  a  pint  of  hot  water)  in  chronic  bronchitis.  It  is  now  displaced  by  the 
more  pleasant  terpene  hydrate  by  mouth  and  pine-needle  or  eucalyptus  oil 
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hr  inhalation.     Its  use  as  anihelmintic  (2  lo  15  c.c.)  and  as  diuretic  and 
urinary  antiseptic  has  also  been  discontinued. 

Turpentine  Abscess. — The  injection  of  oil  of  turpentine  produces  localized  aseptic 
ftbscess.  Pehu  and  Pillon,  igi4,  propose  such  abscesses,  formed  by  itsh>-pode^mici^- 
|cctioQ  into  the  abdominal  wall,  in  the  trcaUncDl  of  all  sorts  of  infections — pneumonia, 
whooping  cough,  measles,  etc.     This  is  somewhat  analogous  to  the  obsolete  "setons." 

Absorption,  Fate  and  Excretion. — Oil  of  turpentine  is  readilv  absorbed  from  the  skin. 
lungs  and  intestines.  It  circulates  for  a  time  unchanged  in  tlic  blood,  and  is  excreted 
mainly  in  the  urine  as  terpcnals,  paired  with  Klyciironic  acid.  The  urine  has  the  odor 
of  Wolets.  Neither  turpentine,  nor  eucalyptol  nor  menthol,  is  excreted  by  the  lungs 
or  sputum  (Falk,  Ilofbauer,  1915). 

aystemic  Actions.  -These  do  not  occur  with  small  doses. 

Ttnpentiiie  Poisoning. — Half  an  ounce  has  been  fatal  to  children,  6  ounces  to  adults. 
The  symptoms  in  man  are  those  of  gastro-intestinal  irritation;  nausea  and  vomiting, 
colic  and  diarrhea,  wild  excitement  and  delirium,  ataxia,  painful,  micturition^  faema- 
tujia,  albuminuna.  glycosuria,  skin  eruptions,  coma. 

TreaimefU. — This  comprises  evacuation,  demulcents  and  co&ee. 

Inkalalion. — Fatal  poisoning  has  been  reported  from  inhalation  of  varnish  in  a 
*^&ned  space  (Drescher,  1006;;  largely  by  exclusion  of  air  (Wolf,  iqii).  There  is 
fapid  breathing,  palpitations,  vertigo,  stufwr,  convulsions,  and  other  nervous  disturb- 
ances; pain  in  chest,  bronchitis  and  nephritis.  The  latter  may  also  occur  on  chronic 
cifKjsure. 

PREPARATIONS — TURPENTINE 

^Ottum  Terebintkina  (01.  Tereb.),  U.S.P.;  Oil  of  TurpenUne  (Spirit  of  Turpentine). 

»bc  TOlatile  oil  recently  distilled  with  water,  below  loo^C-,  from  the  concrete  oleo- 

^^^it\  (Turpentine)  obtained  from  Pinus  palustris  and  from  other  species.     It  consists 

™^inly  of  pinene,  CivHjs,  with  small  quantities  of  other  tcrpcnesand  traces  of  organic 

*^Us.    A  thin,  colorless  liquid,  of  rhamcleristic  odor  and  taste,  becoming  stronger  and 

more  unpleasant  by  age  and  exposure  to  air.     Practically  insol.  in  water,  sol.  in  j  vol.  of 

"C-  and  m  all  proportions  of  oils.     The  rectified  oil  should  be  employed  for  internal  use. 

^01.  Tereb.  Re^t.,  U.S.P.;  01.  Tercb.  Rcctif.,  B. P.— Rectified  ("by  distillation  with 

^*OH,  U.S. P.)     Dose,  0.3  c.c.  5  minims,  U.S.P.;  0.12  to  0.6  cc,  2  to  10  minims,  B.P.; 

•ntiictniintic  dose,  12  to  15  c.c,  .^  to  4  drams,  B.P. 

£miil.  01.  Tereb.,  U.S.P. — 15  per  cent.     Doxe,  2  c.c,  )^  dram,  U.S.P. 
Lin.  Tereb, ^  U.S.P.;  Turpentine  Liniment. — Cerat.  Res.,  a;  01.  Tereb.,  1. 
/,»•».  Tereb.f  B.P. — Ol.  Tereb.,  65  per  cent.;  Camphor,  5  per  cent.;  Sap.  Moll,  ajid 
»»^t^r. 

Lin,  Ttreb.  Actt.^  B.P. — 01.  Tereb.,  53  per  cent.;  Lin.  Camph.,  45  per  cent.;  Ac. 
.Vcci,  Gtac,  1 1  per  cent. 

Ol.  Pint  Pumilionis  (Ol.  Pin.  Pumilion.),  U.S.P.,  Oil  of  Dwarf  Pine  Needles; 
Ot^tdm  Attii-lis  (CW.  Abiet.),  B.P.,  Oil  of  Siberian  Fir. — Colorless  or  faintly  yellowish 
•^latile  oil,  of  pine-needle  odor,  distilled  with  steam  from  the  fresh  leaves  of  Pinus 
Montana,  U.S.P.,;  of  Abies  sibirica,  B.P.  Contains  1-pinene,  other  hydrocarbons,  and 
5*^<-'rs.  Resembles  oil  of  turpentine,  but  has  more  agreeable  odor,  and  is  employed  as 
inhalant  in  bronchial  affertions. 

Terebinfkina  CaHitdensis  (Tercb.  Canad.).B.  P.;  Canada  Turpentine. — ADolcoresin 
ootjiiiied  from  Abies  balsamca. 


TERPIN  HYDRATE 

Thb  is  used  to  diminish  cough  and  expectoration  in  phthisis  and  in 
chronic  bronchitis,  acting  similarly  to  oil  of  turpentine,  and  being  less 
^Titanl,  less  disagreeable  and  less  toxic.  It  is  also  sometimes  employed 
is  diuretic  and  urinary  antiseptic,  but  is  not  very  effective. 

lupine.  1887,  claimed  a  diuretic  effect  from  0.2  to  0.4  Gm.     Matzel,  rQ05,  took  4 


ijy  without  any  effect;  the  urine  was  not  albuminous, 
pycaromc  acid. 


It  was  excreted  as  paired 


PREPARATIONS — TURPENTINE    DERIVATIVES 

'rff/n«i  Hydras  (Terpin.  Hyd.).  U.S.P.;  Terpin  Hydrate,  C,oH„(OH),  +  Hrf)).— 
£j*P»rea  by  hydrating  oil  of  turpentine  with  alcohol  and  nitric  acid.  Colorless  prisms, 
^wirtaft,  of  slightly  aromatic  and  soracwliat  biUer  taste.     Slightly  sol.  in  water  (1  ;  300); 
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freely  sol.  in  ale.  (i  :  12.5).  Dose,  0.2^  Gm.,  4  ^.,  U.S.P.,  o.i  to  i  Gm.,  ij^  to  15  gr., 
in  powders  or  capsules.  The  N.F.  Elixir  contains  i  gr.  to  the  drachm,  in  a  vehicle  of 
alcohol  and  glycerin. 

Terebcnum  (Tcrcben.),  B.P.;  Terebene. — Dipentene  and  other  hydrocarbons,  ob- 
tained by  the  action  of  concentrated  sulphuric  acid  on  oil  of  turpentine.  Colorless, 
thin  liquid;  rather  agreeable  odor;  aromatic,  somewhat  terebinthinate  taste.  Slightly 
sol.  in  water;  freely  sol.  in  ale.  (i  :  3).  Dose^  0.25  c.c,  4  minims,  U.S.F.;  0.3  to  i  cc,. 
5  to  15  minims,  B.P.,  on  sugar;  or  by  inhalation. 

EUCALYPTOL 

Eucalyptol  (Cineol,  Cajeputol),  CioHwO,  is  obtained  chiefly  from  oil 
of  eucalyptus,  but  occurs  also  in  other  volatile  oils,  such  as  cajuput. 
It  is  a  mild  local  irritant,  used  especially  in  bronchitis,  as  inhalation 
(teasp>oonful  in  hot  water),  or  internally  (5  to  10  drops  on  sugar);  and  in 
coryza  (spraying  with  3  to  5  per  cent,  solution  in  liquid  petrolatum). 
The  oil  of  eucalyptus  may  be  substituted. 

Eucalyptol  imparts  to  the  urine  the  same  violet  odor  as  does  oil  of  turpentine,  which 
it  closely  resembles  in  action.  It  has  been  used  in  malaria  but  is  greatly  inferior  to 
quinin. 

Toxicity. — ^Lai^e  doses  of  eucalyptol  or  the  related  Myrtol  produce  fatal  collapse. 
Death  occurred  in  about  H  of  the  human  subjects  who  had  taken  between  xo  and  30  cc. 
Idiosyncrasy  toward  small  doses  is  manifested  by  skin  eruptions  (L.  F.  Barker  and 
Rowntree,  1918;  experimental  and  clinical  bibliography). 

PREPARATIONS — EUCALYPTUS  AND  CAJUPUT 

EucalypiuSf  U.S.P.  (Blue  Gum  Leaves). — The  dried  leaves  of  Eucalyptus  Globulus. 
Dosft  2  Gm.,  30  gr.,  U.S.P. 

Fldexl.  Eucalypt.,  U.S.P.— /)<?«,  2.  cc,  30  minims,  U.S.P. 

•  01.  Eucalypt.,  U.S.P.,  B.P. — A  volatile  oil  distilled  from  the  fresh  leaves  of  Eucalyp- 
tus species,  yielding  not  less  than  70  per  cent,  of  eucalyptol.  Colorless  or  pale  yellow 
liquid.    DosCy  0.5  cc,  8  minims,  U.S.P.;  0.03  to  0.18  cc,  M  to  3  minims,  B.P. 

Ung.  Eucalypt.,  B.P. — 10  per  cent,  of  the  oil. 

*  Eucalyptol ,  U.S.P.;  Eucalyptol  ^Cineol),  CioHiaO. — An  organic  compound  ob- 
tained from  the  voltaile  oil  of  Eucalyptus  Globulus  and  from  other  sources.  A  color- 
less liquid;  characteristic,  aromatic  and  distinctly  camphoraceous  odor;  a  pungent 
spicy  taste,  and  producing  a  cooling  sensation  in  the  mouth.  Very  sol.  in  ale.  or  oib 
practically  insol.  in  water.    Dose,  0.3  cc,  5  minims,  U.S.P. 

Oleum  Cajuputi  (01.  Cajup.),  U.S.P.,  B.P.— A  volUile  oil  distilled  from  the  fresh 
leaves  and  twigs  of  several  varieties  of  Melaleuca  Leucadendron.  Used  mainly  as 
counterirritant.  Dose,  0.5  c.c,  8  minims,  U.S.P.;  0.03  to  o.x8  cc,  K  to  3  minims, 
B.P. 

Sp.  Cajup    B.P. — 10  per  cent.    Dose,  0.3  to  1.2  cc,  $  to  20  minims,  B.P. 

RUBEFACIENT  VOLATILE  OILS 

A  large  number  of  drugs  containing  volatile  oils  have  been  used  as 
ingredients  of  liniments.  With  some  of  the  tinctures  (arnica,  wjtch 
hazel)  used  in  domestic  medicine,  the  alcohol  is  perhaps  the  main  active 
ingredient.  Thymol,  menthol,  and  camphor,  and  some  of  the  volatile 
oils  that  are  discussed  in  other  connections  could  be  classed  with  the 
rubefacients. 

The  oils  of  cloves,  cinnamon,  and  creosote  are  employed  in  detUistry 
to  destroy  the  nerves  and  to  disinfect  the  cavities  of  carious  teeth. 

PREPARATIONS 

Arnicat  U  S.P.;  Amic  Flor.,  B.P.;  Arnica. — The  dried  flower-heads  of  Arnica 
montana.  Contains  a  volatile  oil,  small  quantities  of  volatile  acids,  and  an  acrid 
bitter  principle  (Arnicin).    Used  externally. 

Intravenous  injections  tend  to  produce  lasting  rise  of  blood  pressure  (E.  D.  Brown 
etal,  1918). 
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Tr,  AmU.^  U.S.P. — 20  per  cent,  in  50  per  cent,  alcohol.    Dose,  1  cc,  15  minims, 
»J. 

Tr.  Amir.  FUtr.,  B.P. — 10  per  cent.     Dose,  a  to  40.0.,  H  *"  x  dram,  B.P. 
iCaryophyiius,  U16.P.,  B.P.;  Cloves. — ^The  dried  flowerbud  of  Eugenia  aromatica. 
^  r,  0.25  Gm.,  4  gr.,  U.S.P. 
\lnf.  Caryopk.,  B.P. —  ^-SV^^  cent-     Dose^  15  to  30  c.c,  }4  to  i  ounce,  B.P. 
^*0l.  Carwph.,  U.S.P.,  B.P.;  Oil  of  Clove.— The  volatile  oil,  consisting  mainly 
per  cent.)  of  cugeaol.     Dose^  0.2  cc,  .^  minims,  U.S.P.;  0.03  to  0.18  c.c,  H  to  3 
iiins,  B.P. 
Eugenol,  U.S.P. — An  unsaturated,  aromatic  phenol  (CtHt.CiHt.OCHiOH)  obtained 

oil  of  cloves  and  from  other  sources.     Z?05C,  0.2  c.c,  3  minims,  U.S.P. 
•01.  Cedrclir. — Ccdarwood  Oil. 

A^a  Hamamclidis  (Aq.  Hamam.),  U.S.P.;  Liq.  Harmim.,  B.P.;  Hamamelis  Water, 
'""  »n  of  Hamamelis  I  Witch  Hazel,  Extract  of  Witch  Hazel). — A  saturated  aqueous 
ite  obtained  by  di.stilling  with  steam  or  water  the  bark,  twigs  and  smaller  stems 
of^^mamelis  vinpniana  and  adding  about  15  per  cent,  of  alcohol,  U.S.P.  Clearer 
or  slightly  yellowish  liquid  having  a  characteristic  aroma  and  taste. 
'iO(.  OrigdWi. — Origanum  oil. 

•XX.  Piment.,  U.S.P.  (Oil  of  Allspice). — A  volatile  oil  distilled  from  the  nearly  ripe 
of  Pimenta  officinalis  yielding  not  less  than  65  per  cent,  of  cugenol.     Dose,  0.2 
minims,  U.S.P. 

ttmarini  (Ol.  Rosmar.),  U.S.P.,  B.P.;  Oil  of  Rosemary. — Distilled  from  the 
rrrs  of  Rosmarinus  officinalis.     Dosr,  0.3  c.c,  3  minims,  U.S.P. 
"Sf.  Jtosmarin.,  B.P. — 10  per  cent, 
w.  SuKcini. — Oil  of  Amber. 

Ot.  Tkymi,  U.S.P.;  Oil  of  Thyme.— Distilled  from  the  flowering  plant  of  Thymus 
^Tilgtrij.    DoiCt  0.2  c.c,  3  minims,  U.S.P. 


LINIMENTS 

C\ilancous  irritants  arc  usually  employed  in  the  form  of  liniments;  i.e.,  In  solution 
^^  Mispension  in  oil  or  alcohol.  The  proportions  in  which  they  are  used  are  about  the 
foUowiif : 

Ammonia  Water 

Tr.  Aconite,  Belladonna,  lodin  or  Opium. 

Spirits  Camphor,  Chloroform  or  Ether 

Tr.  Cantharides  or  Capsicum 

TurpKrntine 

Sp.  .Sinapis 

Essential  Oils 

Croton  Oil 

Creosote 


10 
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JUNIPER  OIL 

This  is  closely  allied  to  turpentine  (containing  pmen,  CioHu,  and 
^^^dbcn,  CuHj4) ;  but  it  has  a  more  agreeable  flavor.  It  is  distilled  from 
^"litrries,"  the  fruit,  of  the  conifer,  Juniperus  communis.  In  the  form 
I''  "Holland  Gin  "  or  its  official  substitute,  the  Spit.  Juniperus  Comp,,  it 
!» an old-fashoned  diuretic  (Cow.,  igu)  in  cardiac  and  hepatic  dropsies, 
Jt  i** supposed  to  act  by  mild  irritation  of  the  kidneys.  lis  use  in  nephritis 
'" -'fore  requires  caution.  It  also  has  some  reputation  as  cmmenagoguc. 
'-'vtrdoses  produce  poisoning,  similar  to  Savin. 


PREPARATIONS — JUNIPER 

OUnntpert  (01.  Jump.),  U.S.P.,  B.P.;  Juniper  Oil.— Distilled  from  ihh  ripe  fruit  of 
jyj^P^nifl  communis.    Z?o«,  0.2  cc,  3  minims,  U.S.P.,  0.03  too.i8c.c,H  to  3  minims, 

Sf.Junip.^  U.S.P.— s  per  cent.     Dose,  3  c.c,  30  minim*.  U.S.P. 
'If.Junip.,  B.P. — 10  per  cent.    Dose,  o.j  to  i.a  c.c,  5  to  ao  minims,  B.P. 
V-  Jwtip.  Co.,  U.S.P. — 0.4  per  cent,  of  Juniper  oil,  with  Caraway  and  Fcnnd  oils* 
"*  7oprf  cent,  alcohol.     Similar  to  "Holland  Gm."     Dose,  10  c.c,  2^  dram,  U.S.P. 


ijo 


MANITAL    OF   PHARMACOLOGY 


ECBOUC  AND  TOXIC  VOLATILE  OILS 

Actions. — Many  volatile  oils  are  popularly  employed  as  emmenagogu< 
and  ecbolics:  tuqientine,  juniper,  savin,  rue,  pennyrojiil,  tansy  and  apiol 
They  produce  pelvic  congestion   through  intestinal  irritation.     A   mil* 
degree  of  this  action  may  be  useful  in  delayed  and  painful  menstruation, 
as  after  exposure  to  cold.     Abortion  occurs  only  with  toxic  doses;  indeed^ 
fatal  doses  are  nol  always  effective.     Prochnow,  iqii,  also  finds  a  sligh^f 
direct  action  on  the  excised  uterus.     Macht,  1913,  finds  the  contraction 
inhibited,  never  stimulated. 


en- 


Sarin  (Sabina)  and  Arbor  Vitffi  (Thuja)  contain  volatile  oils  similar  to  turpen- 
tine but  much  more  toxic.     Savin  oil  contains  pinen,  cadinen  and  sabinol,   CioHuOP 
Thuja  contains  pincn,  fenchon,  and  thujon  (isomers  of  camphor,  and  having  simili 
actions  ^Hildebrandt,  1902;  Matzcl,  1905).    Poisoning  has  often  occurred  from   th< 
use  as  abortifacicnts. 

Toxic  symptoms  from  oil  of  savin  are  those  common  to  volatile  oils:  Burning,  naui 
vomiting,  colic  and  diarrhea,  sometimes  bloody;  severe  congestion  of  the  pelvic  orgai 
increased  menstrual  flow  and  sometimes  abortion;  hematuria  and  painful  micturitioi 
unconsciousness,  convulsions  and  coma.     Death  may  occur  in  a  few  hours,  but  more" 
often  after  several  days.     SLt  drops  arc  said  to  have  produced  toxic  effects  (Lcwin). 

Patty  degeneration  of  the  liver  and  uf  other  organs  (Hetlter,  iSgs;  Lindemann, 
1R99)  is  produced  by  large  doses  of  these  oils,  especially  by  pulegon,  the  active  constitu- 
ent of  pennyroj"!!;  and  also  by  the  oils  of  sassafras,  rosemary  and  th\-me. 

Apiol. — Two  druRS  are  known  under  this  name:  "Green  Apiol,  or  Oleoresin  of 
Parsley  Seed  (Olcores.  Apii),  a  green  oily  liquid.  Dost  0.3  to  i  c.c,  5  to  15  minimsj. 
and  "Apiol"  proper,  "Crystallized  Apiol,"  "Parsley  Camphor,"  a  crystalline  aromati^H 
derivative  extracted  from  the  oleoresin.  dose,  0.1  to  0.3  Gm.,  2  to  5  gr.  It  has  bceoH 
studied  by  Heffter  1895.  Overdoses  (0.6  to  0.8  Gm.)  produce  arythmia,  incoordina- 
tion, digestive  disturbances  and  fever.  Fatal  poisoning,  with  intestinal  symptoms, 
icterus  and  uremia,  is  reported  by  Hrcnot,  1916. 

The  Apiols  arc  administered  in  capsules,  as  emmenagogucs  and  antipyretics.  The 
actions  of  the  different  apiols  do  not  seem  to  be  identical  (Lutz,  1920).  Their  useful- 
ness is  doubtful.  i 

Petroselini  Fructus,  U.S.P.;  Parsley  Fruit.— ^he  dried  ripe  fruit  of  Petroselinum 
sativum.  j^H 

Oleorrs.  Pdrosel.^  U.S.P.  (Liquid  Apiol). — Evaporated  ethereal  extract  of  Panl^j^^ 
Seed.     Dose,  0.5  c.c,  8  minims,  U.S.P. 

Tansy. — The  leaves  and  tops  of  Tanacetum  \iilgarc  have  been  used  mainly  as  an- 
thelmintic against  Ascaris  and  Oxyuris,  internally,  0.5  to  3.5  Gm.  as  infusion,  twice  4. 
day;  or  as  enema  of  15  :  200.     Half  an  ounce  to  an  ounce  of  the  oil  (which  contaii 
thujon)  has  produced  death  after  two  to  four  hours,  with  convulsions  and  unconscioi 
ness. 

Pennyiojal. — The  leaves  and  tops  of  Hedcoma  pulegioides  are  used  ma  carminati^ 
5  to  10  Gm.,  T  to  7  ounces,  as  infusion.  01.  liedeomie  (US. P.)  o.j  c.c,  3  minims; 
teaspoonful  has  produced  convulsions.  Its  active  constituent,  ptiUgon^  CioHicO  ba 
l>een  studied  by  Lindcmann,  1894;  Falck;  and  Matiel.  1905. 

Absinthe.— The  herb  Artemisia  Absinthium,  contains  a  volatile  oil,  whose  ci 
constituent  is  thujon,  CniHuO.     This  oroduccs  effects  similar  to  camphor  (Hildebrundt^ 
1901  and  1903;  Mattel,  1905).     The  liqueurs  " absinihe*^  and  " vrrmoulh"  contains  this 
oil  and  also  anise,  fennel,  and  others;  it  is  doubtful  what  part  each  of  these  and  the  alco- 
hol (50  per  cent.)  plays  in  tlie  toxic  complex.  J 

Absinthe  Convulsions. — In  mammals,  intravenous  injection  of  absinthe  oil  (1  to  fj 
drops  for  a  cat)  produces  unconsciousness  and  general  convulsions,  clonic  and  ionic, 
of  epileptiform  type  (Magnan,  1871).  The  clonic  spasms  arc  due  to  stimulation  of  ihc 
motor  areas,  for  tncy  become  tonic  if  the  cerebral  arteries  arc  clamped  (Loeoard  Hillj. 
The  tonic  spasms  are  medullary. 

In  man  Overindulgence  causes  similar  effects  and  is  also  said  to  lead  to  manta. 

The  symptoms  and  the  literature  are  discussed  by  I.  L.  Meyers,  1916. 

Nutmeg  Poisoning. — This  is  by  no  means  rare.     In  man  severe  sjnnptoms  have_ 
occurred  from  one  to  one  and  one-half  nutmegs,  or  from  a  teaspoonful  of  powdci 
mace.     The  effects  appear  in  one  to  six  hours,  and  are  mainly  narcotic,  varied  by 
citement  and  delirium,  with  some  motor  stimulation  and  locsd  irritation;  they  usui 
end  in  recovery  in  twenty-four  hours.     Nutmeg  is  also  ecbolic.     Similar  effects 
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in  animaU.  Hepatic  necrosis  has  been  demonstrated  in  cats  (Dale,  looo).  Cushny 
and  Wallace,  iqo8,  showed  that  the  narcotic  effect  is  producwl  by  *'  myristkiti."  the 
high-boiling  portion  of  the  volatile  oil.  The  oil  has  been  invesligatetl  chemically  by 
Power  and  Solway,  1908. 

MyrUticaj  U.S.P.,  B.P.  (Nutmeg). — The  ripe  seeds  of  M>Tt£tica  fragrans.     ZTojr, 

Oi.  iiyrtst,^  U.S.P.,  B.P. — Distilled  from  the  preceding.  Do$e,  0.2  c.c,  3  minims. 
U.S.P.;  0.0^  to  0.18  c.c,  \^  to  3  minims,  B.P. 

Sp.  Afyriil.,  B.P. — 10  per  cent.     Dose^  0.3  to  1.2  c.c,  5  to  20  minims,  B.P. 

Senecio. — The  atkaloios  [senccin  and  senuionin)  of  S.  Jacobea  and  \'ulgarts  produce 
in  cattle  toxic  effects  resembling  those  of  volatile  oils:  Hemorrhages  in  abdominal  organs, 
especially  the  liver;  fatty  changes,  necrosis,  congestion,  and  hepatic  cirrhosis  (Cusliny, 
Kgii).  The  ffuidextract  fio  to  20  drops)  has  been  used  as  emmenagoguc.  It  has  a 
slight  depressent  effect  on  the  excised  uterus  fPilchcr,  iQib). 

Helenium  AutumxuUe. — This  contains  a  neutral  bitter  principle  (Reeb,  tgio), 
which  is  strongly  irritant  to  mucous  membranes.  Svstemically,  it  stimulates  respira- 
tion and  directly  paralyzes  cardiac  and  other  muscle.    It  is  not  hemolytic  (Lamson 

IQI3>. 

Spewing  Sickness. — A  sheop  disease  of  Utah,  is  due  to  the  eating  of  Dugaldia 
hooptsii,  a  composite  plant,  allied  to  Helenium  and  probably  containing  similar  active 
principles.  It  produces  also  similar  gaslro-intestinal  and  cardiac  symptoms  (D.  D. 
Marsh.  IQ16V 

Eupatorium  UtricKfolium  (Ageratoid^s). — -The  feeding  on  the  green  plant  is  said 
lo  be  ihc  uause  of  one  form  of  "trembles"  of  "milk-sickness "of  sheep:  the  symptoms 
consist  in  weakness  and  ataxia,  ending  m  death  (Curtis,  ipi?);  Marsh  and  Clawson, 
J917I.     The  toxic  principle  is  extracted  bv  05  per  cent,  alcohol  (Sackett,  igig). 
Other  species  of  Eupatorium  (Bonesct)  arc  used  as  diaphoretic  tea. 


VOLATILE  OILS  AND  OLEORESINS  EMPLOYED  IM  URETHRITIS  AND 

CYSTITIS 

Members  and  Uses. — The  oil  of  Sandalwood  and  the  oleoresins  of 
Copaiba  and  Cubeb,  and  Matico  are  used  mainly  as  urinary  antiseptics 
in  subacute  and  chronic  urethritis,  as  adjuvants  to  local  treatment,  to 
diminish  the  pain  and  the  discharge,  and  to  hasten  healing.  Santal  oil  is 
generally  preferred.  It  is  best  administered  in  capsules,  on  a  full  stomach, 
»  is  to  minimize  gastric  irritation.  Buchu  is  used  as  a  diuretic  ia 
catarrhal  cystitis,  Cubeb  is  sometimes  employed  in  bronchitis. 

Utnner  of  Action. — The  oleoresins  arc  natural  mixtures  of  resins  and  volatile  oils 
'idi  in  terpens  and  terpen  alcohols.  The  terpens  arc  excreted  as  glycuronic  com- 
P^xukIs,  which  have  a  slight  but  distinct  antiseptic  action  on  the  urine.  This  is  much 
Insthu  that  of  hexamethylcnamin;  but  it  has  the  advantage  that  it  is  not  affected  by 
tl«reftction  of  the  urine  (Jordan,  igi  1 );  and  probably  they  arc  specifically  more  effect- 
ive for  certain  bacteria.  The  gonococci  arc  not  killed  (Bruck,  igi^);  but  the  control  of 
ll«  putrefactive  bacteria  presumably  puts  the  mucous  membrane  in  a  belter  position  for 
'Otttancc.  The  terpens  and  resin-arids  are  mildly  irritant.  The  urinary  passages  are 
^Bs  kept  under  tlie  continuous  influence  of  the  antiseptic  terpens,  and  stimulated  to 
'*J*ir  by  the  irritation.  The  combination  seems  to  be  more  effective  than  either  the 
"US  w  the  resins  administered  sfpanitely. 

Ewrrutirnial  Pleurisy. — Winternitz,  looi,  and  Pohl,  ipia,  found  that  the  oral 
on  of  various  balsams,  santal  oil,  etc.,  appeared  to  have  favorable  effects  on 
il  aseptic  pleurisy  (aleuronat,  etc.)  in  rabbits.  However,  their  doses  are 
^^^uuiUrger  than  tne  clinical,  that  the  applicability  of  the  experiments  is  doubtful. 

Side  Actions. — The  gastro-intestinal  tract  is  also  irritated,  resulting  in 
*Wirexia.  colic,  eructations,  and  diarrhea.  These  unpleasant  effects  are 
'^^^  with  sandal  oi!.  which  therefore  deserves  preference;  and  they  may  ' 
i'-J''hcr  avoidetl  by  the  use  of  the  sanlalol  esters,  which  are  only  disso' 
^^  'he  intestines.  Skin  eruptions,  scarlatinal  rashes,  etc.,  occur  iront^jj^ 
Patients,  cither  directly  or  from  the  digestive  disturbance.  E^rations 
^**wof  the  oils  produce  more  pronounced  irritation  of  the  entir''*!  altera- 
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tract,  with  kidney  pain,  albuminuria,  and  vesical  tenesmus.  Albuminuria 
may  be  simulated  by  the  precipitation  of  the  resin-acids  with  nitric  acid; 
to  be  distinguished  by  the  addition  of  alcohol,  which  dissolves  the  resins- 
Glycosuria  may  also  be  simulated  by  the  glycuronic  acid. 


PREPARATIONS — VOLATILE  OILS   USED   AGAINST  GEN  I  TO-URINARY 
INFLAMMATION 


I 
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BuchUf  U.S.P.  (Buchu  Fol.,  B.P-);  Buchu. — The  dried  leaves  of  Barosma  betuUna. 
(also  of  B.  serratifolia,  U.S.P. ).    Contains  voiatilc  oil,  glucosid,  bitter  principle,  etc 
Dose,  3  Gm.,  30  gr.,  U.S.P.;  best  as  infusion. 

Inf.  Buchu^  B.P. — 5  per  cent.    Dos.e^  30  to  60  c.c,  i  to  2  ounces,  B.P. 

Fidcxi.  Buchti,  U.S.P. — Dosr,  2  c.c,  30  minims,  U.S.P. 

Tr.  BuchUj  B.P. — 20  per  cent.    Dosc^  2  to  4  c.c,  H  to  i  dram,  B.P. 

•  Ccpaiba  (Copaib.),  U.S.P.,  B.P.  (Balsam  of  Copaiva). — An  oleoresin  derived  froi 
South  American  species  of  Copaiba.  Contains  voiatilc  oil  and  resin  (copaivic  acid)j 
Pale  yellow  to  brownish  yellow,  more  or  less  \'iscid  liquid,  cither  without  fluorescent 
or  with  only  a  slightly  greenish  fluorescence;  having  a  peculiar  aromatic  odor,  and 
persistent,  bitter  and  acrid  ta.'^te.  Insol.  in  water,  partly  sol.  in  ale,  freely  sol.  in  oil 
Dose,  1  c.c,  IS  minims,  U.S.P.;  2  to  4  c.c,  Vj  to  x  drum,  B.P.;  in  capsules  or  pills  (wil 
magnesia).  The  various  "Lafayette,"  "Chapman"  and  similar  mixtures  are  ui 
desirable. 

O/.  Copaib.t   B.P. — Distilled   from    the  preceding.    DosCt  0.3  to  x.a  c.c,  5  to  30 
minims,  B.P. 

Cuheba,  D.S.P.;  Cubeb.  Fruct.,  B.P.:  Cubeb.— The  dried,  full-grown,  unripe  fniil 
of  Piper  Cubcba.  Contains  volatile  oil  and  resin  (cubebic  acid).  Dose,  i  Gm.,  i; 
gr.,  IJ.S.P.;  2  to  4  Gm.,  30  to  60  gr.,  B.P. 

Oleores,  Cubeb.,  U.S.P. — An  evaporated  alcoholic  extract.  Dose,  0.5  Gm^  8  gTr 
U.S.P. 

01.  Cubeb.,  U.S.P.,  B.P.— The  distilled  oil.     Dose,  0.5  c.c,  8  minims,  U.S.P.; 
to  1.2  c.c,  5  to  30  minims,  B.P. 

Tr.  Cuhcb.,  B.P. — 20  per  cent.     Dose,  3  to  4  c.c,  J4  to  '  dram,  B.P. 

Troch.  Cubeb.,  U.S.P.— 0.02  Gm..  3  gr. 

Kava  Rhis  ,  B.P. — From  Piper  methysUcum. 

Ext.  KavtT  lAq.,  B.P. —  Doze,  2  to  4  c.c,  1^  to  1  dram,  B.P. 

Matko. — The  leaves  of  Piper  angustifolium. 

Sabal,  U.S.P.  (Saw  Palmetto). — The  partially  dried,  ripe  fruit  of  Serenoa  serrulat 
Statements  as  to  presence  of  alkaloids  and  volatile  oils  arc  contradictor)'.     Has  been 
used  as  nutritive  tonic,  alterative,  in  respiratory  diseases,  digestive  disturbances,  as 
aphrodisiac,  etc.     Of  very  doubtful  value.     Dose,  i  Gm.,  15  gr.,  U.S.P- 

FUUxf.  Sabal.,  V.S.P.—Dose,  i  c.c,  15  minims.  U.S.P. 

•Oieitm  Santali  (01.  Santal),  U.S.P..  B.P.;  Sandal  Oil— DistUled  from  the  wood  of 
Santalum  album.  A  pale  yellow,  somewhat  thick  liquid;  iwculiar  aromatic  odor, 
spicy  taste.  Readily  sol.  in  ale.  It  often  disturbs  the  siomacn;  and  sometimes  causes 
vesical  and  renal  irritation,  with  dysuria.  Dose,  0.5  c.c,  8  minims,  U.S.P.;  0.3  to  1.8 
c.c,  5  to  30  minims,  B.P. 

Santal  Oil  DeriTattPcs. — Sandal  oil  consists  chiefly  (90  per  cent.)  of  santalol,  CiiHidO-^ 
a  mixture  of  two  sesquiterpen  alcohols.    This  may  be  used  in  the  form  of  its  carboni^H 
ester   {Carbosani,   Santalolis   Carbonas,   N.N.R.),   and  of   its  salicylic  ester   (5an/y^^| 
N.N.R.).    These  arc  oily  liquids,  almost  without  odor  or  taste.    Dose,  0.5  c.c,  three 
tiroes  daily. 

BALSAMS  ^ 

Balsams  (Peru,  benzoin,  tolu.  sLorax)  are  oleoresins  containing  cin-™ 
namic  and  benzoic  acids.    The  oils  act  as  antiseptics;  the  oils  and  resins 
are  mildly  irritant,  stimulating  repair;  and  the  resins  furnish  local  protcc^H 
tion  and  thus  allay  inflammation.     The  balsams  are  therefore  employe^| 
■  chronic  inflammations  of  mucous  membranes  (bronchitis)  and  of  the 
j^  (eczema  and  pruritus) ;  and  to  promote  the  healing  of  ulcers  and 
occurris.     Myrrh  acts  similarly.     The  balsams  are  also  used  locally  against 
mace,      destroying  the  acarus  and  their  ova.     Peru  balsam  is  employt 
citement  ^j  internally  for  tuberculosis  (for  intravenous  use,  see  "Cinj 
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Add").  Its  internal  administration  is  of  doubtful  utility,  as  is  also  the 
tniemal  use  of  other  balsams  in  bronchitis.  Even  large  doses  of  the  bal- 
sams do  not  produce  albuminuria  (Stockman,  1891). 

PREPARATIONS — BALSAMS 

Btmttfitmm,  U.S.P.,  B.P.;  Benzoin  (Gum  HcnjaminJ. — A  balsamic  re«n  obtained 
from  Styrax  Bciuoin  and  other  species  growing  in  the  East  Indies.  DosCt  1  Gm.,  15 
gr.,  U.S.P. 

Tr.  Bem.f  U.S.P. — 20  per  cent.  Dose,  1  c.c,  15  minims,  U.S.P. 
^Tinctura  Bensoini  Composita  (Tr.  Bcnz.  Co.:  Tr.  Benzoin.  Co.),  U.S.P.,  B.P.; 
Compound  Tincture  of  Benzoin  (Friars'  Balsam.  Turlington's  Balsam]. — 10  per  cent. 
of  Benzoin,  with  Aloes,  Storax,  and  Tolu.  in  alcohol.  Dost,  2  c.c,  ^^o  minims,  U.S.P.; 
1  to  4  c.c,  ^2  to  1  dram,  B.P.,  as  siimulani  expcciorant;  as  inhalant,  teaspoonful  to 
cup  of  boiling  water;  externally,  mixed  with  glycerin  or  water,  as  lotion  for  chappe<i 
hands.  The  ori^nal  formula  was  much  more  complex;  and  the  present  formula  is 
ttiU  needlessly  complicated  and  expensive.  When  used  as  inhalant,  the  steam  contains 
a  trace  of  oil  and  benzoic  acid  (Peacock  and  Deg,  iqiq),  which  would  be  deposited  on 
the  mucous  membranes.  The  same  results  would  probably  be  secured  more  simply 
by  substituting  the  ofl6cial  Tr.  Tolu. 

•  Balsnmum  Pvntviannm  (Bals.  Peruv.),  U.S.P.,  B.P.;  Balsam  of  Peru. — A  balsam 
obtained  from  ToKiifcra  Pcreir.e,  Central  America  (not  from  Peru);  often  adulterated. 
Dark  brown,  viscid  liquid  of  agreeable  vanilla  odor  and  i>ersistent  bitter  acrid  taste. 
Freely  sol.  in  ale.  Dose,  o.\  to  i  Gm.,  ^  to  15  minims,  B.P.  Externally  on  lint;  in 
Kabies.  inunction  of  i  to  ^  Gm.,  four  to  six  times  in  the  day. 

It  is  used  generally  diluted  with  2  parts  of  castor  oil  as  a  stimulant  to  indolent 
liken. 

It  IS  said  to  promote  healing  without  stimulating  granulation;  but  it  is  sometimes 
ithtaiing. 

5fyraT,  U.S.P.;  St>Ta-\  Praep.,  B.P.;  Storax. — A  balsam  obtained  from  the  wood  and 
moerbark  of  Liquidambar  oricntalis.    Dose^  1  Gm.,  1$  gr.,  U.S.P. 

baiiamum  Tolutanum  (Bals.  Tolu.),  U.S.P.,  B.P.;  Balsam  of  Tolu. — A  balsam  ob- 
ttioed  from  Toluifcra  Balsamum.     A  yellowish -brown  or  brown,  plastic  solid,  becoming 
brittle  when  old,  dried,  or  eatposed  to  cold;  pleasing,  aromatic  odor,  resembling  that  of 
vanilla;  mild,  aromatic  taste.     Sol.  in  ale.     Dose,  0.3  to  i  Gm„  s  to  15  gr.,  B.P. 
Tf.  Tolu.,  U.S.P. — 30  per  cent,  in  alcohol.     Dose,  2  c.c,  3  minims,  U.S.P. 
Tr,  Toiut.,  B.P. — 10  per  cent.     Dose,  2  to  4  c.c,  >^  to  I  dram,  B.P. 
{*Syr.  Tolut.y  U.S.P.,  B.P.;  see  Index.) 

PREPARATIONS — ^AROMATIC   RESINS 

Ammcniacum,  B.P. — Gum  resin  exuded  from  stem  of  Dorcma  species.  Dose,  0.3 
ifiiGm..  5  to  15  gr.,  B.P. 

1/iW.  Ammoniac,  B.P.— 3  per  cent.     Dose,  15  to  30  c.c,  m  to  1  ounce.  B.  P. 
Gaihcnum. — Gum-resin  from  Ferula  galbaniflua.     Dose,  0.3  to  1  Gm.,  4  to  15  gr., 

^Oitkhe^  Mastic — Resinous  exudation  from  Pistacia  Lenti.scus. 

ymtif  Varniskes. — These  have  been  used  in  surgery  to  ftx  the  sk.in>bacteria  on  the 
luiid^  and  operative  area.  They  are  brushed  on,  and  allowed  to  dry.  The  skin  may 
bM  be  treated  with  iodin.  V^arious  formulic  have  been  published  'Merck's  Rep.  27: 
3'4;  j8  :  J  79,  19x4).  Borchardt's  consists  of  mastic  40  Gm  ;  benzene  60  Gm.,  castor 
**";  Mdrops;  filter.     The  basis  of  Hcubner's  is  rosin,  of  Dietrich's  dammar. 

Mynka,  U.S.P.,  B.P.;  Myrrh. — Gum-rcsin  from  Commiphora  species.  Dose, 
**SGliL,  8  gr.,  U.S.P.;  0.3  to  I  Gm.,  5  to  15  gr.,  B.P.,  as  carminative.  Was  used  by  the 
•"cients  OS  incense  in  religious  ceremonies;  and  by  the  Egyptians  in  embalming,  in 
fooibiafttion  with  spices. 

*Tt.  Myrrk.,  U.S.P.,  B.P. — 70  per  cent,  in  alcohol.  Dose,  i  cc,  15  minims,  U.S.P.; 
-.to  4  c.c,'  1-3  to  I  dram,  B.P.  Used  espedally  as  mouth  wash  (i  :  25)  in  stomati- 
**»od  pharyngitis;  as  a  lotion,  i  ;  5  or  10. 

PREPARATIONS — RESINOUS   DRUGS 

Bdnmicta. — The  root  of  Echinacea  angustifolia  (Purple  Cone  Flower).  It  contains 
f^^Dij  and  no  alkaloids  (Heyl  and  Staley,  1914).  Several  proprietary  preparutions 
^vc  been  prmised  for  sialagogue,  diaphoretic,  antiseptic,  stimulant,  and  general  altera- 
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live  effects  (Uoyd,  1904;  Moddrn,  1005);  but  no  good  evidence  of  it^  value  has 

published   and   the   claims  appear  extravagant   (J.A.M.A.,   Nov.    27,    iqoq).     Dose' 
I  to  2  Gm.,  15  to  30  gr. 

Grindrlia.  U.S. P.,  B.P. — The  dried  leaves  and  nnwerinc:  tops  of  Grindelia  camponim 
(also  Grindelia  squarrosa,  U.S. P.).  Contains  an  amorphous  resin  (probably  the  acdve 
principle),  sugars,  proteins,  tannin,  and  a  very  small  quantity  of  volatile  oil,  no  saponin 
or  alkaloid  (Power  and  Tutin,  IQ05).  It  is  said  tn  relax  the  muf;ciilar  coats  of  the 
bronchi  and  diminish  the  excretion  of  mucus.  It  is  therefore  used  in  asthma  and  bron- 
chitis.    Dosf,  2  Gm.,  30  gr.,  U.S. P. 

FUext.  Grindel.,  U.S.P.;  Exi.  Grindfl.  Liq.,  KV.^Dost,  s  c.c,  30  minims,  U.S.P^ 
0.6  to  \.2  r.c.  10  to  20  minims,  B.P,     Also  employed  locallv  in  ivy  poisoning. 

Pyrfthrum,  U.S.P.;  Pyreth.  Rad..  B.I'.  (Pellitorv).— The  dried  root  of  Anacych 
Pyrethrum.    Chewed  as  sialogogue  and  agrinst  toothache.     Dose,  2  Gm.,  jogr.  U.S. 

Tf.  Pyreth.,  U.S.P.,  B.P.— 3o  per  cent 


INSECTICroES 

Certain  volatile  oils,  or  drugs  containing  them,  as  also  poisons  belonging  to  oth< 
groups,  arc  used  to  kill  or  repel  noxious  insects,  such  as  Afosqttitoes,  Koathes, Flies ^ct 
"In.*iect  Powder"  (the  powdered  flowers  of  Pyrethrum  specie.s^ — Persian  Powder — an*!' 
of  Chrysanthemum  ci n era rixfoli am— Dalmatian  Powder);  EucahT^tus,  Menthol, 
Erigcron.  Cedar,  and  Lavender  may  be  cited.  (Roach  powders  commonly  contain 
sod.  fluorid  or  borax;  arsenic  is  efficient,  but  dangerous;  White  Hellebore  is  also  pois- 
onous.)    Naphthalin  and  Camphor  are  used  against  moUts.  ^^ 

The  physical  properties,  volatility,  spreading  power,  etc.  arc  important,  as  well  «|^| 
the  chemical  toxicitv  {W.  Moore  and  Graham,  IQ18;  bibliography).  ^B 

Pediculosis. — Tne  experiences  of  the  war  have  greatly  revived  the  interest  in  insecti 
cides  agninst  these  parasites.  Merniry,  staphisagria,  phenol,  etc..  arc  effective  against 
limited  infections;  but  they  are  too  toxic  ana  irritant  for  extensive  application.  Naph- 
thalin  and  volatile  oils  stupefy  and  paralyze  the  parasites,  but  they  are  likely  to  recover 
subsequently.     Acids  are  definitely  fatal.     Sulphur  dioxid  is  effective  (Knaffl-Len>»^ 

1915)-  W 

Oiling  of  underwear  destroys  the  lice  meclianically  (i  c.c.  of  oil  per  4  square  incho^H 
of  medium  weight  underwear). 

Of  chemical  substances,  the  most  promising  appear  to  be  creosote  and  especially 
heliotropin   (piperonal).    The  latter  must  be  applied  in  theobroma  oil  solution  (W^H 
Moore,  iqiR).  1^| 

Himsr-flics. — The  toxicity  of  organic  compounds  is  generally  proportional  to  ibdr 
volatility  (W.  Moore.  1017). 

Mosquitoes. — Nearly  all  volatile  oils  when  mixed  with  fat  tend  to  protect  up  lo  jj 
hours.     Presumably  they  obscure  the  human  odor  fBacot  and  Talbot,  iQig). 
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Actions  and  Uses. — The  volatile  oil  which  is  developed  from  black  mus- 
tard on  conlact  with  water,  produces  a  more  prompt,  more  violent,  and 
more  penetrating  irritation  than  the  other  volatile  oils.  Mustard  prepara- 
tions are  extensively  used  for  coantcrirrilation,  but  care  must  be  taken  to 
slop  the  application  when  marked  tingling  is  felt,  or  there  may  be  vesi- 
cation and  even  ulceration.  Internally,  mustard  is  used  as  a  condiment; 
larger  doses  (i  to  4  3  i^^  ^  tumbler  of  warm  water)  produce  vomiting;  still 
larger  doses  cause  violent  gastro-inteslinal  irritation.  Boiling  water 
prevents  the  development  of  the  oil  by  <lestroying  the  ferment. 

Composition. — Volatile  oil  of  mustard  (allyl  i&o-thiocyanate,  CsH  J^CS)  is  derived 
from  bltifk  mustard  by  the  action  of  a  ferment,  myrosin,  on  the  glucosid  sini%rin  (potas- 
sium myronate).  The  latter  itself  is  not  irritant.  Mustard  seed  also  contains  about 
25  per  cent,  of  bland  fixed  oil. 

While  mustard  contains  a  similar  ferment  and  glucosid,  sinalbin,  which  viclcJA  an 
analogous  oil,  acrinyl  iso-thiocyanate.  Much  less  volatile  <»il  is  lilKrated  than  with 
black  mustard.  White  mustard  seeds  have  a  cathartic  action,  due  to  the  liberation  oF 
HjS  on  contact  with  water.  I-arge  doses  may  produce  sulphid  poisoning,  with  cyanosis»_ 
etc.  fvan  Leesum,  1916I.  ~' 
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Simitar  sulphur-iontaininf,  oiU  are  formed  in  other  cruciferous  plants,  such  as  horse- 
radish, radish,  cress;  and  in  onion,  garlic,  etc. 

Plants  containing  mustard  oil  (Bursa  pastoris)  stimulate  the  contractions  of  the 
excised  uterus  (Groeber,  iqis)* 
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PREPARATIONS — MUSTARD 

Armoraciit  Radix,  B.P. — Fresh  Horseradish  Root. 
Sp.  Armor.  Co.,  B.P. — Dosc^  4  to  S  c.c,  i  to  2  drams,  B.P. 

SirMPii  Alba  (Sinap.  Alb.),  U.S.P.;  White  Mustard.— The  rii>c  seeds  of  Sinapis 
alhft.     Dose,  as  emetic,  10  Gm.,  2^  drams,  U.S.P.,  of  the  powder,  in  tepid  water. 

•  Sintipis  Ni^ra  (Sinap.""Nig.),  U.S.P.;  Black  Mustard. — The  ripe  seeds  of  Brassica 
nigra.  Dose,  as  emetic,  10  Gm.,  j}-2  drams,  U.S. P.,  of  the  powder,  in  tepid  water. 
Powdered  mustard  is  applied  as  a  pouitkc,  mixed  vdth  5  to  10  parts  of  flour  and  enough 
water  tu  make  a  paste;  it  may  also  be  sprinkled  on  the  surface  of  the  ordituir)' Unseed 
poultice.  It  is  used  in  foothaihs  for  preventing  colds  (i  to  2  ounces  to  a  (gallon);  and  in 
eral  baths  for  infantile  coma  (large  tablespoonful  to  small  bath). 
Empiasirum  Sinapsis  (Emp.  Sinap.),  U.S. P.;  Mustard  Plaster  (Charta  Sinapis, 
ustard  Paper). — A  mixture  of  de-fatted  black  mustard  and  rubber,  uniformly  mixed 
and  spread  on  paper,  cotton  cloth  or  other  fabric.  Mustard  plaster  is  moistened 
thoroughly  with  warm  (not  hot)  water,  and  appUed  to  the  skin  for  fifteen  to  thirty 
minutes. 

"  OUum  Siruspis  VoUiUe  (01.  Sinap.  Vol.).  U.S.P..  B.P.;  Oil  of  Mustard.— A  volatile 
ml  produced  synthetically  or  obtaineci  from  the  seed  of  Brassica  nigra,  consisting  chiefly 
oi  allyl  iso-thiocyanate  (CjHjSCN ».  Colorless  or  pale  yellow,  strongly  refractive  llquiJ, 
taving  a  vcr>-  pungent  and  acrid  odor  and  taste.  Dose,  0.008  c.c,  ^ii  rainim,  U.S.P. 
It  may  be  used  as  counterirritant  in  Mo  to  2  per  cent,  solution  in  50  per  cent,  alcohol 
'Herifcld.  lyog). 

Mustard  oil  is  more  irritant  in  aqueous  than  in  oily  vehicles  (Sollmann\  A  j  per 
ctnt  suspension  in  ,\  per  cent,  tragncanth  jKiste  represents  an  effective  counterirritant, 
tqu*\  tn  a  3  per  cent,  ointment  (Ewe,  1920). 

iin,  Sinap.,  B.P. — 3.5  ^kt  cent,  of  Ol.  sinap.,  5.5  per  cent,  of  Camphor. 


DICHLOR-DIETHYL-SULPHID,  "  MUSTARD-GAS  " 

Gineral   StaUmeni. — This   substance   acquired    great   importance   as 

the  "blistering-gas"   of    the   war.     It   was  also   known   as   '*Yperite," 

Vcilowcross  shells"  and  as  thiodiglycol  chiorid.     It  has  the  formula 

<iH4Cl 
1H4CI 

ItUan  oily  fluid  of  sharp  odor,  but  not  related  to  "mustard  oil.'* 

Contict  with  the  fluid  or  its  vapor  does  not  produce  any  immediate 
effect  whatever;  but  after  a  latent  period  of  some  hours,  intense  intlam- 
nwtion  develops  at  the  site  of  contact,  even  after  minute  traces.  This 
leads  to  vesication,  followed  by  local  necrosis  with  vcr>'  slow  healing. 
^  lesions,  however,  are  superficial  and  extend  but  little  beyond  the 
actual  contact.  Secondary  infections  are  common,  as  the  resistance  is 
lowered. 

The  local  phenomena  have  been  attributed  to  the  intracellular  hydroly- 
sis of  the  substance,  with  liberation  of  hydrochloric  acid.  The  toxic 
^ect  would  thus  be  due  to  intracellular  acidosis. 

The  intoxication  is  usually  strictly  local,  involving  the  skin,  the  eyes, 
"*  respiratory  and  sometimes  the  alimentary  mucosfe,  according  to  the 
method  of  application.  Systemic  intoxicalitm  usually  occurs  only  by 
intravenous  injection. 

The  treatment  of  the  local  lesions  is  mainly  by  cleanliness  and  emol- 
lients, similar  to  that  of  bums.     Oils  also  protect  the  skin,  but  only  very 
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slightly.  If  the  patient  is  seen  immediately  after  exposxirc,  the  poison 
may  be  partly  removed  by  scrubbing  with  kerosene;  but  the  penetration 
is  so  rapid  that  this  treatment  is  not  successful  if  delayed  for  15  or  3a, 
minutes. 


1 

T 
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nistoriciil, — The  substance  and  ila  toxic  effects  were  discovered  by  Victor  Meyer 
in  1886  (Ber.  deut.  chcm.  Gesell.,  1886,  v.  19,  p.  3259,  v.  20,  p.  1739). 

Military  Use. — "Mustard  Gas"  was  first  used  on  a  large  scale  by  the  Germans  al 
Ypres,  July  12  and   14^1917.     At  6rst  it  scored  heavily,  since  its  peculiar  propcrti* 
were  not  at  once  appreciated.     It  differs  from  the  other  Rases  in  two  esseniiai  rcspccU^ 
( i)  its  effects  are  delayed  several  hours,  so  that  effective  protection  is  apt  to  be  neglcctei 
and  (3)  it  is  very  persistent,  so  that  areas  that  have  l>ecn  shelled  wnth  it  are  infectivr^ 
for  several  days. 

This  persistence  is  due  to  the  limited  volatility  of  the  liquid  at  ordinary  temperatures. 
\Mien  atomized  by  the  explosion  of  the  shell,  it  spreads  as  a  mist,  which  condenses  as  a 
liquid  film  on  any  solid  substance,  leaves,  cannon,  the  ground,  etc.;  and  thus  forms 
deposits  that  are  dangerous  both  by  direct  lonlact,  and  because  their  slow  evaporation 
keeps  up  a  prolonged  saturation  of  the  air  with  the  poison.  This  holds  especially  for 
valleys,  trenches,  etc.,  where  the  air  is  stagnant. 

When  occupying  an  area  which  has  been  heavily  shelled  witli  mustard, 
respirators  must  be  worn  almost  continuously;  this  and  the  insidious 
course  of  the  poisoning  are  a  severe  test  of  morale.  However,  since  its 
dangers  have  been  fully  recognized,  they  are  greatly  diminished. 

Physical  Prw/'er/iVi.  — Dichlorethylsulphid  is  a  colorless  or  pale  yello 
heavy,  oily  liquid  of  neutral  reaction. 

When  pure,  it  has  a  faint  but  jwnetrating  odor,  reminiscent  of  stale 
ether  and  of  mustard  oil.  This  is  the  source  of  its  popular  name/*  Mus- 
tard Gas,"  for  it  is  not  derived  from  true  mustard  oil.  The  odor  of  the 
crude  product  is  more  pronounced  and  similar  to  garlic.  It  is  due 
mainly  to  contamination  with  ethyl  sulphid. 

Toxic  concentrations  of  mustard  gas  can  generally  be  smelled  in 
air.  However,  there  is  considerable  difference  in  individual  sensitiven 
Further,  the  odor  is  sometimes  disguised  by  adding  other  substances.' 

SolubiiUy. — Dichlorethylsuiphid  is  generally  soluble  in  fats  and  fat-solvents  ai 
alcohol,  but  is  only  very  slightly  soluble  in  water  (0.07  per  cent,  at  io''C.,  E.  F.  Hopkins) 

Its  solubility  increases  with  the  temperature,  but  it  is  rapidly  hydrolyzed. 

Chemical  Properties. — The  toxic  action  of  dichlorethylsuiphid  is  intimately  connect 
with  its  constitution,  particularly  with  the  presence  of  the  two  chlorin  atoms.    If  th( 
are  either  diminished  or  increased,  the  activity  is  destroyed.     This  may  be  accom- 
plished, and  the  "mustard  gas"  may  be  "killed"  by  hydrolysis,  chlorination,  and  by 
reducing  agents  evolving  nascent  hydrogen;  less  efficiently  by  oxidizing  substances. 

Hydrolysis. — Dichlorethylsuiphid  is  hydrolyzed  by  water,  probably  mainly  accocd- 
ing  to  the  equation:  ^^ 

SCCtHiO)}  +  2H3O  »  S(CsH40U)t  +  3HCI.  ■ 

The  hydrolysis  starts  promptly  and  proceeds  fairly  rapidly  for  the  dissolved  sub- 
stance. The  undissolved  substance  is  not  hydrolyzed,  of  course.  I'or  this  reason,  and 
because  of  the  limited  solubility  of  the  substance,  the  hydrolysis  of  any  excess  of  dichlor 
ethylsulphid  proceeds  very  slowly. 

Hydrolysis  Theory  of  Toxic  Action. — It  has  been  suggested  that  the  dichlorethyl- 
suiphid penetrates  as  such  into  the  cells,  and  is  there  slowly  hydrolyzed,  resulting  in  a 
liberation  of  free  acid  within  the  cells;  and  that  this  free  acid  is  really  the  toxic  agent 
(Lynch,  Smith  and  Marshall,  1918.  J.  Pharmacol,  13:365). 

The  plausible  assumption  would  explain  the  delayed  effects,  and  is  in  consonance  with 
most  the  facts  so  far  us  known.     It  is  established  that  the  substance  is  hydrolyse^H 
before  it  is  excreted;  and.  there  is  proof  that  this  hydrolysis  may  occur  within  tbi^H 
cells  at  the  place  of  application,  at  least  in  the  ccUs  that  have  been  examined. 

Evidence  jor  Hydrolysis  Theory. — This  is  summarized  by  Lynch,  Smith  and  Marshall, 
Ic).    The  most  direct  evidence  is  furnished  by  invertebrates,  especially  star-^fa  o\^^^ 
(Lillic,  Clewes  et  ol,  1918^  1919):  ^| 
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The  toxicity  of  a  saturated  water>'  solution  decreases  rapidly  and  parallel  to  the 
hydrolysis,  i.r.,  the  toxicity  depends  on  the  penetration  of  the  undecomposed  substance 
into  ib'e  cells. 

Latency. — When  o^•a  are  exposed  for  say  8  minutes  to  the  solution  and  then  washed, 
cleavage  progresses  normally  for  2  hours,  when  changes  start.  This  coincides  with  the 
appearance  of  free  ac  d;  i.r,,  the  cf!ect  appears  only  when  enough  acid  is  developed  to 
ueutraUze  all  buffer  substances. 

The  latent  period  is  therefor  much  prolonged  if  hydrolysis  is  slowed  by  low 
lemperature. 

Further  proof  is  furnished  by  intracellular  injection:  Eggs  injected  with  water  are 
not  materially  injured.  Those  injected  with  fresh  dichlorcthylsulphid  solution  show 
no  immediate  effects,  but  arc  killed  later.  Those  injected  with  hydrolyzed  dichlor- 
ethylsu  phid  solution  are  injured  immediately,  about  to  the  same  degree  as  eggs  injected 
with  hydrochloric  acid  of  the  same  acidity. 

Destruction  of  "  Mustard  Gas.  "^This  may  be  accomplished  by  chlorina- 
lion  or  dechlorination;  or  less  efficiently  by  other  chemical  changes. 

Ckiorination. — Free  cblorin,  as  gas  or  dissolved  in  carbon  tetrachlorid,  introduces 
,%  third  chlorin  atom  somewhere  into  the  dichlorcthylsulphid,  forming  "monochloro- 
tesiard  gas"  which  s  nonirritaling.     Sulphur  dichlorid.  pure  or  dissolved  in  carbon 

tetnchlorid,  is  also  highly  efTcclive,  and  is  used  to  "kill"  the  gas.     It  is.  however, 

corrosive  to  organic  matter. 

Dry  hypochlorites  chlorinate  and  destroy  the  substance  readily,  with 
evolution  of  heat.     *' Bleaching  powder"  is  very  useful  as  a  "kill." 

Cbloramin  T  and  dichloramin  T  also  react  vigorously  with  "  mustard." 
With  these,  the  reaction  appears  to  be  more  complicated;  but  the  irrita- 
tive qualities  are  destroyed. 

All  chlorinating  agents  must  be  applied  as  concentrated  and  esf>ecially 
asdry  as  possible;  else  the  immiscibility  of  "mustard"  with  water  prevents 
intimate  access  of  the  chemicals. 


TOXIC  EFFECTS  OF  MUSTARD  GAS 

"Mustard  gas"  differs  from  the  older  war  'gases"  in  that  its  serious 
ellecisare  not  confined  to  the  respiratory  tract.  Pulmonar>'  lesions,  when 
they  occur,  are  indeed  the  most  fatal  manifestations;  but  there  are  also 
very  important  actions  on  the  eyes  and  skin;  and  sometimes  fairly  severe 
RMtric  disturbances.  Even  direct  systemic  effects  occur  fT>ynch,  ft  al. 
19J8)  although  these  are  only  faintly  indicated  in  field  or  factory 
inioxitations. 

S/mt  Course. — The  delayed  start  of  the  action  has  been  attributed  to  graduft! 
''.^'Irolysis.  This  could  scarcely  explain  the  delay  of  over  a  day.  More  Ukefy,  it  ifl 
"(^"■'Iv  the  eicpression  of  the  sluggish  rharacler  of  the  inflammation. 

Piccipiiation  of  proteins  by  dichlorethylsulphid  is  also  very  slow.  Excised  skin, 
'"Uscte  and  mucous  membrane  are  not  grossly  altered. 

Oevekmmettt  o!  Symptoms.^Thc  variations  introduced  by  differences  in  concen- 
^^on  and  other  condilitfus  will  be  discussed  later.  The  followiiiji  represents  the  usual 
'"Oct  of  the  (ihcomena  as  they  occur  under  field  conditions  without  protection: 

Vo effects  arc  felt  immrdiiUely  on  exposure,  except  in  high  concentrations,  when  there 
^^^  be  tendency  to  sneeze,  with  or  without  smarUng  of  the  eyes.  Hemorrhage, 
"'twiaTly  from  the  nose,  is  a  common  early  sjTnptom  (Berphoff.   igig). 

The  first  definite  symptoms  are  generally  from  the  eye.  starting  2  or  3  hours  Qptf 
'r&^YMff  wijji  ihc  smarting  and  watering;  proceeding  to  reddening,  pain,  edenm  and  all 
'"■  phenomena  of  acute  conjunctivitis.  The  nose  also  reacts  early  with  increased 
"    n "D  and  snee/ing.     The  throat  Hkcwise  becomes  sore. 

•  i,to  16  hours  after  exposure,  these  symptoms  have  become  much  more  marked  and 

■'  'ing.  The  eyes  are  discharging  and  very  painful;  the  nasal  discharge  is  more 
' ';i  (Ht;  the  voice  is  husky  or  suppressed. 

^■lusca.  retching  and  vomiting,  associated  with  epigastric  pains,  occur  in  a  large 
[>r(i|)ortion  of  cases  and  may  recur  at  frequent  intervals  for  several  hours.    In  severe 
xa 
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cases,  they  may  become  very  inlense  and  prolonged.     Diarrhea  may  set  in,  but  is 
rather  exceptional. 

Skin-rashes  also  show  in  this  period,  as  a  dusky  cr>-thema  of  the  exposed  parts  of  the 
body,  and  in  the  axilla,  crotch  and  genitaU.  ^M 

At  the  etid  of  34  hours,  the  eye-symptoms  have  assumed  a  very  characteristic  form  ivH 
the  severer  cases.  They  are  vcr>'  painful,  with  the  lids  swollen  almost  shut,  and  ooring^ 
tears.     Thirre  is  photophobia  and  blepharospasm,  and  generally  frontal  headache. 

The  exposed  skin  is  further  rcddcneds,  and  swollen  and  may  be  itching. 

The  nose  discharges  freely.  The  throat  feels  raw  and  burning.  Aphonia  may  be 
complete.     A  dry  harsh  cough  may  develop.    The  respiration  is  fairly  normal. 

Death  practically  never  occurs  during  Uie  first  day. 

During  the  second  day,  the  skin  erythema  may  have  developed  into  bliaiera,  fiome- 
tiincs  of  Urge  sue,  with  the  scrotum  and  penis  especially  painfully  swollen.  (The 
further  course  of  the  skin  lesions  will  be  discussed  later.) 

The  eyes  become  somewhat  less  painful,  although  the  acute  inflammation  may 
persist  for  several  days. 

This  is  also  the  time  when  the  inflammation  of  the  respiratory  tract  becomes  con-^_ 
spicuous  in  severe  cases.    The  expectoration  becomes  abundant,  muco-punUent,  some^f 
times  with  large  sloughs  of  tracheal  mucosa.     This  is  complicated  by  sccondar>'infcctioi:^H 
of  the  necrotic  respiratop'  membranes.     Fever  sets  in.  with  rapid  pul.«c  and  respiration. 
The  infection  may  Lerminatc  in  broncho-pneumonia,  with  death  anywhere  between  ibc 
second  day  to  the  fourth  week. 

Most  cases,  fortunately,  arc  of  a  milder  type;  especially  as  the  troops  acquire  famil- 
iarity with  Ihe  gas  and  ajtply  the  protective  measure  more  stringently.  In  tnc  opening 
of  the  igi8  camna-gn,  ihe  mustard  mortality  was  slight.  There  were  very  few  actuiu 
blisters,  althougn  minor  rashes  were  common.  The  conjunctivites  were  less  severe; 
the  laryngitcs  fairly  mild,  but  almost  universal.  M^iSt  mustard  held  cases  have  only 
slight  respirator}'  catarrh.     Only  about  10  percent,  are  burns  (Underbill,  1918). 

During  the  hot  months,  there  is  an  increase  of  the  pulmonary  lesions;  perhaps 
because  of  the  greater  volatilization. 

In  factory  poisoning,  most  of  the  bums  were  of  the  hands,  arms  and  Angers  (^''oUDgr 
1918). 

Relation  of  Symptoms  to  Concentrations,  for  Men. — These  may  be  obser\'ed  in 
factories:  # 

Vapor  of  Very  Low  Comentratiort. — This  produces  only  conjunctivitis.     Continued 
exposure  may  injure  vision.    It  should  therefore  be  prevented  by  precautions  as 
vcntilalion,  leakage,  etc. 

Vapor  of  Moderate  Concertirations. — This  produces  severe  conjunctivitis,  bronchitis 
and  laryngitis  (to  aphonia);  and  diffuse  areas  of  erythema.  These  effects  are  directl] 
dangerous,  especially  on  prolonged  exposure. 

Vapor  of  Hi^ltrr  Comcnlralions. — This  is  felt  rapidly  in  the  eyes.     Burns  occur  in 
the  axilla  and  crotch,  in  from   i  to  5  hours.     If  inhaled,  it  is  followed  by  destructive^ 
intlammation  of  the  upper  air  passages  and  eventually  by  pneumonia.     Exposure  m^f^M 
be  followed  by  nausea,  vomiting  and  collapse.  ^1 

Liquid  Mustard. — This  causes  severe  destructive  dernmtitis,  blisters,  ulcers,  etc,  U 
will  be  discussed  later. 

Symptoms  with  Dogs  Exposed  to  Dichlorethysulphid  Vapora. — The  effects  of  mus- 
tard vapor  on  animals  are  essentially  identical  with  those  on  man  (Lynch,  Smith  and 
Marshall,  1918,  J.  Pharmacol,  1 2  :  265).  They  nuiy  therefore  be  utilized  to  study  such 
problems  as  the  concentration  required  to  produce  certain  results;  and  they  arc  espe- 
cially useful  for  the  study  of  the  symptomatology  and  pathology  of  the  severer  typcs,^^ 
such  as  are  fortunutely  rarely  seen  in  men.  ^M 

Keiaiion   to  Comentration  and   Exposure.~Thc  severity  follows  very  closely  the'V 
product  of  the  concentration  <mg.  per  liter  air)  by  the  Ume  of  exposure  (minutes). 
For  dogs,  this  "milligram-minute"  factor  is  4  for  the  fulminating  t>"pci  1.5  lo  3  for  the 
acute  t>-pc  of  poisoning,  and  less  than  1.5  for  sublethal  t>'pe,  if  thctotal  exposure  do« 
not  exceed  i  hour.     With  2  hour  exposure,  the  factor  may  be  doubled. 

o.ooi  mg.  per  liter  may  produce  casualties  after  exposure  of  i  hour,  and  almost 
certainly  with  .^  or  4  hours.  The  effects  of  the  lowest  concentrations  arc  connx>ed  to 
conjunctiWtis  and  skin  "rash,"  which  may,  however,  be  very  uncomfortable.  These 
may  occur  witli  concentrations  that  are  not  sensible  to  the  nose — there  being  no  definite 
relation  between  the  sensitiveness  of  the  skin,  tonjunctiva,  and  smell  (Reed,  1918,  igao). 

Toxicity  for  Animals.— This  is  fairly  uniform  for  different  species,  there  being  less 
variation  for  species  than  there  is  for  individuals  (Afarshall  ft  al,  1918). 

Air  saturated  with  dichlorethylsulphid  at  ordinary  temperature  would  hold  about 
0.5  mg.  per  liter.     This  would  be  fatal  if  breathed  for  7  minutes. 
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Concentrations  of  o.ot  to  0.02  mg.  per  liter  have  a  50  per  cent,  mortality  with  a  2 
hour  exposure,  and  60  per  cent,  with  4  hours. 

Lies&  than  o.oi  mg.  per  liter  (  1 :  700.000  by  volume)  is  not  fatal  even  with  8  hours 
cxpoGure,  but  produces  slight  symptoms  from  the  roucosjc  (conjunctiva,  nose,  appetite). 


LESIONS  IN  UPPER  RESPIRATORY  TRACT 

The  corrosive  efiects  on  the  epithelium  are  identical  with  the  corrosion  of  other 
epithelial  surfaces.  Their  intensity  diminishes  from  the  mouth  and  nose  toward  the 
lungs.  The  bronchi  are  involved  only  in  the  severest  cases.  Sub-epithelial  edema  is 
much  less  than  in  the  skin  or  conjunctiva  fWarthin  and  Wcllcr,  igiQ). 

The  primar>'  action  is  followed  by  local  catarrh  or  diphtheritic  lesions  from  the  nose 
to  the  bronchi,  even  in  the  mildest  cases.  In  the  more  severe,  there  is  a  marked  pscu- 
domembrane  formation,  secondary  purulent  bronchitis  and  broncho-pneumonia 
(Warlhiu  and  WeUcr). 

The  rhinitis,  lar^-ngitis,  tracheitis  and  bronchitis  play  a  conspicuous  part  in  the 
minor  as  well  as  in  the  severe  intoxications  of  mustard  gas.  Their  symptomatology 
has  been  sufficiently  outUned.  The  anatomit  changes  consist  in  intense  congestion, 
Often  hemorrhage.  In  the  severer  grades  this  pass*^  into  necrosis  and  desquamation 
of  the  mucosa,  often  in  large  masses.  These  may  interfere  with  respiration;  but  more 
commonly  the  lesions  become  infected,  ending  cither  in  pneumonia  or  in  slow  hraling. 
The  congestion  is  visible  early  in  the  nose  and  moutn.  the  phar>'nx,  epiglottis  and 
Uryni,  and  extends  through  the  trachea  into  the  finest  bronchioles.  Ef»staxis  is  a 
commoQ  early  symptom  (Berghoff,  191Q). 

In  the  trachea  and  hrotur.hi  the  necrotic  mucosa,  and  the  purulent  exudate  form  a 
coDlinuous  thick,  pale  yellow  false  membrane,  which  is  easily  detached  in  large  strips. 
This  false  membrane  formation  extends  into  the  bronchioles,  where  it  may  occlude 
the  lumen.  Incomplete  occlusion  of  a  bronchial  branch  results  in  emphysema  of  its 
nnuficaUons.  When  the  occlusion  becomes  complete,  the  air  is  absorbed,  and  the 
rontsponding  lung  area  collapses.  Thus,  emphysema  and  fttelectasis  may  occur  in 
di&nnt  portions  of  the  same  lung. 

The  alveoli  are  but  litlle  aflccted  directly,  presumably  because  most  of  the  substance 
iiboimd  and  absorbed  before  it  can  reach  them.  Consequently  there  is  no  acute  pul- 
DQOMy  edema,  in  the  early  stages,  and  no  lluid  or  froth  in  the  air  tube;  although  there 
'BiY  be  considerable  congestion  and  some  epithelial  desquamation. 

Bowrver,  the  serious  cases  become  infected  by  bacteria,  and  then  change  to  an 
iBtcnave  broncho-pneumonia,  with  its  ordinary  phenomena,  which  may  bring  about  a 
itcaaduy  edema. 

In  case  of  recovery*,  the  ulcers  of  the  mucosx  heal  slowly.  Ulceration  of  the  trachea 
n^y  he  followed  by  constriction  of  its  lumen. 

Tteaimcnt  of  thr  Respiratory  Lawns. — The  rhinitis  is  treated  alon^  the  usual  lines: 
tfyfnquent  spraying  or  instillation  of  a  few  drops  of  1  per  cent,  sodium  bicarbonate, 
t^tta»i  ]^y  j^  liquid  petrolatum.    When  the  condition  is  not  too  painlul,  a  few  drops  of 


*  pw  cent,  dichloramin  T  in  chlorcosane  may  be  introduced  several  times  daily, 
may   be  gargled  with  a  weak  Dakin's  or  ^^  to  ^  per 


cent. 


The  mauth  atui  throat 
cUoninin  T  solution. 

^*  aphonia  and  mild  hronckitis  steam  inhalations  may  be  used,  with  or  without 
cQinpound  tincture  of  benzoin.    An  ice-bag  may  be  applied  to  the  larynx. 

the  severe  bronchitis  and  pneumonia  are  treated  as  in  ordinary  practice. 


EYE  LESIONS  FROM  "MUSTARD  GAS" 

The  Cornea  and  conjunctiva  are  highly  sensitive  to  the  "mustard"  irritation,  and 
Pfwtnt  the  earliest  and  often  the  most  serious  symptoms  after  unprotected  exposure 
^tike  vapor.  Identical  eilccLs  are  produced  by  contact  with  the  liquid  poison.  .\  pre- 
*^ryc  bum  increases  the  susceptibility. 

cases  may  beal  in  3  or  3  days.     In  severe  poisoning  the  inflammation  is  in- 
ly painful  for  several  days,  and  ocular  symptoms  may  persist  for  several  weeks. 
Utttely  the  deeper  structures  of  the  eye  are  not  affected,  except  under  extreme 
'Mtltionft.    Consequently,  nearly  all  cases  recover  without  permanent  injury,  except 
^^  OQlt  lome  reduction  of  \'1&ion  from  cicatrization  of  the  cornea.     Severe  eye  injuries 
JBullod  in  only  about  iV^  per  cent,  of  the  gassed  (Tcnlieres,  1Q18). 

course  and  pathology  of  the  lesions  has  been  studied  in  detail  on  rabbits  and  are 
ly  the  same  as  for  skin  lesions,  the  difference  being  merely  quantitative.    The 
process  is  also  similiar.     The  following  data  are  taken  mainly  from  Warthin  and 
r,  i9iSy  J.  Lab.  Clin.  Med.,  4,  No.  i. 
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Conjunclivai  Lesions. — With  strong  doses  (exposure  for  fifteen  minute?  to  i :  2o.cxw 
vapor,  or  o.ooj  c.c.  of  the  liquid)  conjunctival  irritation  und  luchrymation  occur  almost 
immediately.  Within  half  an  hour,  hy|jcrcniia  is  usually  well  marked;  and  edema  sets  in 
within  an  hour  and  progresses  to  the  twelfth  hour.  Toward  the  end  of  this  period, 
small  subconjunclivul  bemorrluiges  may  occur.  In  man,  there  may  also  be  mtnutc. 
vcsides.  ■ 

The  edema  begins  to  subside  by  the  end  of  the  third  day.  " 

Microscopic  examination  of  the  active  sta^c  shows  less  necrosis  than  exisli^  in  the 
cornea.  There  is  extreme  edema  of  the  subconjunctival  tissue,  usually  followed  by 
liquefaction  necrosis  and  leucocytic  infiltration. 

Corneai  I^iions. — The  necrotic  changes  start  in  the  cornea!  epithelium  and  extend 
through  the  other  layers.  This  special  susceptibility  of  the  cornea  is  perhaps  explainable 
by  the  absence  of  circulation,  so  that  the  poison  is  not  removed. 

Clouding  starts  in  5  or  6  hours,  and  progresses  so  that  in  >S  hours  the  cornea  may 
appear  like  opalescent  porcelain.  In  the  mUder  cases,  this  gradually  disappears  after 
the  third  week.  In  severer  cases,  it  is  followed  by  vascularization  and  cicatrization 
with-  permanent  impairment  of  vision. 

ExitdaU. — -The  scro-purulcnt  exudate  set*  in  early  and  may  be  well  developed  by 
5th  or  6th  hour,  increasing  and  sealing  the  eye-lids  by  the  lotn  hour,  so  that  the  subjt 
is  practically  blinded.     The  lids  may  be  opened  by  soaking,  but  in  severe  cases 
sealing  recurs  to  about  the  third  week. 

Corneal  VUcraiion. — This  is  shown  by  the  fluorescein  stain.     In  rabbits,  it  appci 
about  the  second  or  third  day,  and  lasts  to  the  fourth  or  sixth  day.     Infection  is 
(Hess  and  Barba,  iqiS).     The  changes  in  dogs  and  goats  are  about  the  same  as  in  rabbit 

Interior  of  Eye. — Leukocytic  inhltration  and  exudation  into  the  anterior  chamber 
common.     The  edema  may  involve  the  iris  and  ciliary  body.     Involvement  of 
posterior  chamber  is  exceptional  and  slight.     Panophthalmitis  does  not  occur. 

SensilivUy  of  the  Eyes. — This  is  fairly  uniform  for  different  species  and  individuolsr 
if  uniform  access  of  the  poison  is  assured;  otherwise  the  results  naturally  differ  according 
to  whether  the  eyes  are  kept  open  or  shut  during  exposure  to  the  gas. 

Eyr-sensilivily  to  Vapor  in  Human  ^iibjat^. — Reed,  iqjo,  reports  that  i:  10,000,000 
(0.0006  mg.  per  liter  of  air)  produced  visible  ocular  reaction  withexposureof  less  than  an 
hour.  The  skin  was  sometimes  affected  in  highly  susceptible  individuals,  i :  5.000,000 
(0.0012  mg.  per  liter)  for  4$  minutes  caused  quite  severe  reaction  of  the  mucous  mem- 
branes, and  Itching  and  desquamation  of  the  skin. 

Eye-seruitiiniy  of  Animah. — The  following  threshold  concentrations  were  found  for 
dogs  in  a  vapor-chamber  (Marshall  el  at,  igi8);  ^h 

Conjunctivitis;  0.001   mg.  per  liter  for  2  hours,  or  0.005  '"8-  P*''  ^i*"  '*"  H  ^^I'liH 

Corneal  ulceration:  0.01  mg.  per  liter  for  ^  hour.  ^^ 

Solutions  in  liquid  petrolatum  give  the  following  results  on  rabbits  (Hess  and  Barbal; 

0.06  per  cent.:  no  effect.  ^^ 

o.  I  per  cent.:  slight  congestion  in  24  hours.  ^H 

o.  25  per  cent.:  moderate  congestion  and  edema  in  24  hours.  ^^1 
0.5  per  cent.:  effects  more  marked;  slight  clouding  of  the  cornea. 

Treatment  of  the  Eye  I^^ions. — The  conjunctiva  should  be  kept  clean  by  frequent 
irrigation  with  saturated  boric  acid,  or  with  1  per  cent,  sodium  bicarbonate,  followed 
by  a  few  drops  of  oil.  Light-weight  cold  aimpresscs  of  saturated  boric  solution  should 
be  applied  continuously  for  li  to  34  hours,  or  longer  if  needed,  to  relieve  the  pain  and 
discomfort,  reduce  the  congestion  and  protect  the  eyes  against  light.  Pressure  on  the 
eye-lids  must  be  avoided. 

This  treatment  will  also  tend  to  prevent  adhesion  of  the  eyelids.     If  they  do  become 
glued  together,  they  must  be  soaked  in  boric  or  bicarbonate  solution  until  they  can 
opened  without  force.     Forceful  opening  is  liable  to  do  harm. 

Organic  silver  protein  salts  have  been  used,  but  are  probably  undesirable, 
might  cause  permanent  staining.     Cocain  is  also  inadvisable  since  it  could  only 
temporary  relief.  ^ 

Dichloramin  T,  0.5  to  1  per  cent,  in  oil,  has  been  recommended,  but  would  probabI)r 
be  quite  painfuL     Dakin's  solution  is  too  irritant. 

In  corneal  ulcers  produced  by  vapor  in  dogs,  Hess  and  Barba,  iqiS,  found  tl 
irrigations  with  the  following  solutions,  every  4  to  ^4  hours,  had  no  inllucncc  whatn 
on  the  natural  course  of  healing:  Saline;  sodium  bicarbonate,  1  per  cent.;  Ix>ric 
3  per  cent.;  potassium  permanganate,  0.1  per  cent.;  sodium  carbonate^  2I1  per  cei 
cbloramin  T,  o.i  per  cent. 

If  liquid  "  mustard  "  is  splashed  into  the  eyes,  this  should  be  washed  at  once 
the  1  per  cent,  dichloramin  T  solution. 
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SKIM  BURNS 

Dichlorcthylsulphid  penetrates  the  skin  very  rapidly.  The  effects  of  the  liquid 
or  v-apor  are  absolutely  identical,  differing  only  in  extent  and  intensity;  vapor  bums 
being  usually  more  extensive  but  less  severe.  The  susceptibility  varies  considerably 
ia  different  individuals,  and  is  also  influenced  by  temporar>'  conditions. 

The  bums  range  in  intensity  from  simple  rxibefaction,  through  edema,  vesication  and 
necrosis.  Although  severe,  the  inflammation  remains  confined  to  Ihc  skin,  perhaps 
becAu^e  the  circulation  prevents  its  accumulation  in  the  deeper  structures. 

RiUiugraphy. — The  phenomena  arc  described  by  Warthinand  Weller,  igiS;  Marshall, 
Smith  and  Lynch,  191H;  Sollrnann,  iqiq. 

Course. — The  inflammation  has  a  rather  striking  course.  There  is  a  latent  period, 
«(  ^i  hour  to  2  days,  before  any  sign  of  inflammation  can  be  seen  or  felt.  Then  the 
Inflammation  gradually  increases,  then  remains  stationar>*,  and  slowly  heals.  The 
duration  of  these  stages  depends  on  the  severity  of  the  exposure.  IJght  burns  appear 
Utc  and  heal  early;  severe  lesions  appear  early  and  heal  late. 

The  ''mustard'*  bums  resemble  X-ray  and  drug  dermatites  rather 
than  simple  heat  burns. 

In  principle,  they  do  not  differ  from  the  course  of  other  toxic  derma- 
tiles;  but  it  differs  in  detail:  (r)  in  the  length  of  the  latent  period, and  (2) 
in  the  absence  of  al!  pain  until  the  ulceration  stage  has  set  in.  That  is, 
not  only  are  mustard  burns  imperceptible  when  first  received,  but  they 
remain  so  until  the  blisters  break,  about  the  3d  or  4th  day.  This  is  not 
due  to  anesthesia. 

In  the  mild  rashes,  the  slcia  edema  causes  intense  itching  about  the 
3une  time. 

The  very  tedious  and  slow  healing  of  the  necrotic  lesions  is  due  to 
injur}'  of  their  blood  vessels.  Moreover,  they  generally  become  somewhat 
inlected,  but  only  superficially.  There  is  little  or  no  fever.  The  lymph- 
nodes,  however,  are  swollen  and  painful  quite  early, 

Sldn  Rashes. — Erythema  occurs  as  the  first  stage  of  all  "mustard" 
lesions.  Vapor  bums  and  dilute  solutions  C/.i.,  saturated  water>'  solution) 
do  not  usually  progress  beyond  this  stage.  In  such  cases  the  entire 
course  is  confined  to  the  "rash.'*  Practically  everyone  who  works  with 
or  around  mustard  gas  is  liable  to  the  frequent  occurrence  of  these  rashes; 
inri  they  are  probably  the  most  common  form  of  "burns"  in  the  field. 

The  rashes  present  varieties  of  intensity  and  duration,  according  to  the  dose, 
loaiiOQ  and  susceptibility. 

Kuhes  also  commonly  surround  tlie  blister-burns  for  considerable  distances.  A 
^jU\\^  ot  liquid  mustarci  on  the  skin  will  produce  a  circumscribed  blister  of  the  under- 
Ifiai  ikin  by  direct  contact;  but  the  excess  of  the  dichlorethylsulphid  evaporates  from 
l^doth,  and  the  vapor  spreads  between  the  clothing  and  skin,  until  it  is  conhned  by 
'  Wt,  garter,  gaiter,  etc.     The  axilla  and  groins  arc  especially  aflfected. 

The  bghtcst  degree  is  that  of  simple  reddening,  coming  on  24  hours  or  later  after 

tnvr-urr    Ji .  nmpanied    by  some    heat   and   itching.     With    the   severer  grades,    the 

Jt-  niore  intense,  the  skin  markedly  swollen,  and  the  heal,  burning  sensation 

i.L'comc  almost  intolerable,  interfering  materially  with  sleep.     This  varies 

HLlh  the  intensity,  but  also  with  the  extent  and  the  location  of  the  rash,     A 

jrcc  of  erythema,  whtn  confined  to  a  small  area,  may  give  so  little  trouble 

—  —^  only  discovered  accidentally,  while  a  larger  area,  when  affected  to  the  same 

^*?TBt,  may  be  very  troublesome.     Creases  of  ihc  skin  that  arc  subjected  to  pressure  on 

ils,/i  .  the  inner  bend  of  the  elbow  and  the  axilla,  are  especially  uncomfortable 

the  skin  Ijecomcs  swollen.     The  itching  becomes  worse  on  friction,/.!.,  after  wash- 

UMldrMng  the  hands. 

Se»e«r  grades  may  develop  minute  miliary  blisters.     These  may  give  the  skin  the 
ice  and  feel  of  pebble*.!  oilcloth.     T'he  edema  is  conlined  to  the  epidermis  and 
NJ'lUiy  Uycr. 

The  iadammalory  phenomena  persist  (or  several  days,  and  then  gradually  subside, 
*it^  a  week  or  two,  leaving  generally  some  pigmentation,  and  bypersusceptibility 
lA  imtxtioD. 
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Pigmentation. — This  may  take  various  forms.    It  may  h&vc  the  red  appearance  of 
weather-exposure;  or  be  more  or  less  "tanned"  as  by  the  sun.     In  severe  bums, 
pigmentation  is  sometimes  almost  black,  but  confined  to  the  superficial  desquamatii 
epidermis. 

Erythema  Preliminary  to  Vesication. — Krythema  also  constitutes  the  first  stage 
the  blister-bums.    In  that  case  it  appears  much  earlier,  is  more  sharply  localized,  and 
undergoes  vesication  after  one  or  two  days. 

Prognostic  Significance. — The  time  when  the  erythema  first  becomes  noticeable  is 
prognostic  value: 

If  the  skin  shows  pink  or  livid  spots  within  i  H  hours  after  exposure^  the  bum 
develop  into  a  deep  blister,  and  prol>ably  undergo  ulceration  and  scarring. 

If  the  pink  spots  start  between  2  or  3  hours  after  exposure  the  blisters  will  be 
superficial,  and  will  probably  heal  without  ulceration,  and  without  real  scarring.  ^m 

If  the  r»sh  i^  delayed  for  13  to  48  hours,  it  wil!  not  develop  into  blisters.  jH 

Blister  Bums. — When  strong  vapor  or  especially  when  liquid  dichlorethyjsulphirf™ 
comes    in  contact  with   the  skm,   tne  erythema  pas.scs  into  vesication.    The   first 
noticeable  change  is  a  silvery  appearance  of  the  skin,  produced  by  loosening  of  the 
epidermis.     This  is  then  raised  by  the  accumulation  of  fluid;  the  blister  is  usually  well 
developed  in  12  hours,  and  reaches  its  maximum  size  in  about  24  hours. 

The  blisters  at  first  are  very  tense,  often  an  inch  or  more  high,  and  may  be  up  to  3  j 
4  inches  in  diameter.     They  are  filled  with  a  tranparcnt  gelatinous  material,  tj 

f)racticully  coagulated  plasm      If  they  are  opened  at  this  time,  the  contents  stand  up^ 
ike  a  jelly,  and  require  to  be  pushed  or  scooped  away. 

Between  the  second  and  third  day  the  serum  begins  to  separate  from  the  clot*^ 
The  "skin"  of  tlie  blister  becomes  very  thin  and  wrinkles  as  the  serum  is  absorbed,  and^| 
opaque  balls  or  shreds  of  the  fibrin  are  seen  within  the  blister.  Generally  the  blisttfH 
breaks,  and  the  scrum,  as  it  separates,  drips  in  a  continuous  stow  stream  from  the  wound. 
This  gives  the  patient  a  very  distressing  and  uncomfortable  appearance,  especially 
if  the  genitalia  arc  involved.  In  fact,  however,  the  process  is  aosolutely  painless  u|^H 
to  this  time,  and  this  without  any  anesthesia.  ^| 

If  the  blister  is  undisturbed,  it  may  be  a  week  before  it  is  fully  collapsed.  ^^ 

About  3  dftj's  after  exptisure,  the  blister  begins  to  become  painful,  especially  on 
exposure  to  air,  or  mechanical  contact,  or  when  treated  with  chemicals.  This  sensitive- 
ness increases  rapidlj-  to  the  fifth  or  sixth  day,  and  the  pmin  becomes  very  scvere- 
This  hj-persensitiveneas  lasts  for  a  or  3  weeks,  or  even  longer  if  ulceration  de\elops. 
However,  the  lesions  become  painles.s  long  before  the  ulcere  are  healed. 

With  relatively  small  doses,  the  blisters  are  confined  strictly  to  the  area  that  wis 
in  contact  with  the  gas,  and  are  surrounded  by  a  narrow  zone  of  erythema.  In  more 
serious  burns  the  blisters  themselves  extend  somewhat,  but  not  much  farther,  and  the 
erythematous  area  may  be  extensive,  but  this  is  largely  due  to  the  evaporation  produc- 
ing a  vapor  burn,  as  explained. 

The  size  of  the  blisters  is  not  an  indication  of  the  severity  of  the  lesions:  the  largest 
blisters  may  be  healed  in  a  or  3  weeks,  while  another  smaller  blister,  nearby,  goe5 
through  a  tedious  ulceration  that  is  healed  only  by  scarring  after  6  or  8  weeks.  In  fact, 
the  severest  lesions  (the  gangrenous  form)  do  not  blister  at  all. 

When  a  simple  "mustard"  blister  collapses  or  is  opened,  and  the  detached  skin 
removed,  the  exposed  stratum  mucusum  has  a  clean  red  appearance,  perhaps  with  some 
shreds  of  fibrin.  With  the  deeper  burns,  it  is  covered  with  a  grepsh-yellow  coating* 
presumably  largely  necrotic  tissue  mixed  with  some  pus  cells. 

The  coating  may  be  removed  by  soaking  in  saline  or  Dakin's  solution,  thus  exposing^ 
a  raw,  granulating  surface  beneath;  but  it  rapidly  forms  again.     The  process,  howcver^^ 
remains  rather  superficial.    It  apparently  involves  the  corium  more  or  less.  allhoug^H 
it  does  not  often  destroy  the  epitnclium  so  deeply  that  it  cannot  re-cover  the  woun^^l 
Even  in  severe  cases,  it  docs  not  extend  materially  below  the  corium.     Statements 
that  it  "corrodes  to  the  bone"  have  no  foundation. 

For  a  couple  of  weeks,  this  condition  of  the  wound  remains  practically  stationary - 
Toward  the  end  of  2  to  4  weeks,  further  necrosis  ceases  quite  noticeably,  about  the  sam^ 
lime  that  the  hypersensitiveness  diminishes.  A  pale  pink  ring  of  epithelium  start.* 
from  the  periphery  to  cover  the  wound,  which  meanwhile  may  form  very  eiuberai»* 
granulations. 

Toward  the  end  of  the  fifth  or  sixth  week,  practically  all  wounds  are  essentially 
healed,  with  or  without  cicatrization.  The  new  skin  over  the  burned  areas  appeax^ 
shiny  and  often  pigmented,  as  in  X-ray  bums.  ~ 

Uurns  of  the  genitalia  differ  somewhat  from  the  t)^^.    When  the  scrotum  is 
volvcd,  the  testicles  become  vcr>'  sensitive.     However,  this  is  probably  not  an  orchit 
It  clears  about  the  same  time  as  the  skin  lesions. 
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Blisters  of  the  penis  may  come  on  quite  slowly,  and  turn  into  tedious  ulcers,  which 
heal  much  more  slowly  than  other  lesions.  Infection  of  the  meatus  may  cause  a 
uiTthiTd  discharge. 

The  fHost  sarre  burns  (the  gangrenous  type)  differ  from  the  blister  t^-pc  from  the 
start.  Smarting  and  burning  are  felt  within  an  hour  after  receiving  the  bum.  The  skin 
at  that  time  is  intensely  blanched.  By  the  next  day,  the  burn  proper  is  of  a  livid, 
cadaveric  color.  It  does  not  vesicate  but  forms  a  depression,  surrounded  by  a  con- 
tinuous ring  of  blister.  After  a  week  or  so.  it  breaks  down  into  an  ulcer,  and  the  entire 
thickness  of  the  skin  may  be  removed  in  a  mass.  The  wound  remains  painful  for  3  or  4 
weeks.     Healing  occurs  after  5  to  7  weeks,  by  cicatrization. 

SysUmic  Reactions  of  Mustard  Burns. — Dichlorcthylsulphid  applied  to  the  skin 
does  not  reach  the  circulation  in  sufBcient  amount  to  produce  any  systemic  lesions; 
nor  are  the  mustard-  bums,  even  when  extensive  and  deep,  accompanied  by  the  acute 
toxic  phenomena  of  hre-  bums.  The  temperature  remains  practically  normal.  How- 
ever, extensive  burns  may  produce  temporary  collapse,  mainly  if  not  entirely  of  psvchic 
origin.  Later  on,  the  pain  is  likely  to  interfere  with  sleep.  The  urine  shoufd  be 
watched. 

Secondary  Furntuuhsis. — Mustard  burns  lower  the  resistance  of  the  skin  to  infec- 
tion. The  blisters  are  usually  followed  by  a  crop  of  furuncles  or  pustules,  generally  on 
and  around  the  burned  area.  Men  who  work  with  mustard  commonly  have  this  com- 
plaint even  when  they  have  only  had  super6cial  rashes. 

Increased  SusceptihUity  of  tht  Skin. — Healed  mustard  bums  are  definitely  hyper- 
susceptible  to  the  poison,  and  also  to  mechanical  injury.  A  light  contusion  may  result 
in  o  blister.  This  hj-persensitivity,  however,  is  conhned  to  the  burned  areas  and  docs 
oot  extend  to  the  remainder  01  the  skin. 

Microscopic  Changes  in  Mustard  Buras. — These  have  been  described  in  detail  by 
Warthin  and  Weller,  loc.  cii.  Briefly,  the  dichlorcthylsulphid  produces  slow  but  severe 
destructive  changes  in  the  epidermis  and  corium,  and  es[K-cially  in  the  endothelium  of 
the  blood  vessels. 

Even  minute  quantities  penetrate  rapidly  and  deeply.  The  hair  folliclcSr  and 
idaceoiis  and  sweat  glands  evidently  facilitate  the  penetration. 

The  epithelium  shows  hydropic  and  other  degenerative  and  necrotic  changes  within 
3  boors.  The  edema  in  the  early  stages  is  confined  to  the  epidermb  and  papiUar>'  layer, 
Inddoes  not  extend  much  more  deeply. 

In  severe  burns,  the  vessels  in  the  affected  area  are  greatly  damaged  and  collapsed. 
Thi&  results  in  local  anemia  in  the  earlier  stages,  ^^ith  marked  exudation  and  leucocyte 
migretion.     The  ^'ascula^  lesions  are  non- hemorrhagic  and  non-thrombosing. 

The  slowly  progressive  character  of  the  necrosis  is  partly  explained  by  contraction 
lod  death  of  the  vessels,  and  the  resultant  loss  of  blooa-supply. 

SUn  Lesions  in  Animals. — Blistering  does  not  usually  occur  in  any  of  the  cxperi- 
QOilal  animals,  including  monkeys.  Otherwise  the  lesions  are  essentially  the  same 
u  in  man. 

There  are  some  differences  in  the  degree  and  rapidity  of  the  primarj'  erythema.     In 
^'■^  thi«  is  visible  in  5  to  15  minutes.     Most  other  animals  ao  not  show  reddening. 
^ '^  react  by  blanching. 

> lection  against  secondary  infection  being  more  difficult  in  animals,  the  sloughing 
Pollen  much  more  severe. 

When  tested  by  the  paraffin  oil  method,  dogs  and  goats  were  found  to  be  about 
Susceptible  as  man;  but  there  were  considerable  differences  in  indi^-iduals,  With 
fit  per  cent,  solution,  about  ^  of  the  dogs  and  gijats  reacted;  \%  of  the  rats;  ^  of  the 
■nice.  Rabbits,  guinea  pigs  and  monkeys  required  i  percent,  solutions  (Marshall  and 
Wiliins,  tgiR). 

Soaceptability  to  Skin  Bums. — The  susceptibility  of  dillerent  individuals  varies 
noTt  than  a  hundred  times,  i.^.,  to  produce  a  visible  reaction  requires  in  the  case  of 
"tokrant**  individuals  a  concentration  more  than  a  hundred  times  greater  than  will 
produce  results  in  a  hypersensitive.  Negroes  arc  notably  tolerant.  The  individual 
WicwtibiUty  is  easily  determined  by  rapid  and  convenient  methods,  and  may  be  of 
cvKuenble  practical  importance,  since  the  natural  tolerance  is  much  greater  than  what 
**  be  conferred  by  ointments. 

*fte  tolerance,  for  a  given  person,  docs  not  change  greatly  with  time,  if  other  con- 
ations are  uniform.  It  is  also  fairly  alike  for  the  skin  of  the  entire  body,  with  the 
"Oeption  of  a  few  special  regions.  The  axilla  and  crotch  are  h>-persU5ceptible  (largely 
^>oW  of  their  moi<>ture^.  the  thick-skin  palmar  surface  of  the  hand  and  fingers  is 
Kiltively  insusceptible.  The  area  of  a  previous  bum  is  hj-pcrsusceptible;  but  it  is 
A»btful  whether  the  susceptibility  of  the  unbumed  areas  is  changed  So  far  as  present 
oblervaiions  go,  hv-pcrsusccptibility  appears  not  to  be  especially  frequent  among  those 
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who  have  worked  constantly  %-ith  "mustard"  and  who  have  received  severe  and  ex- 
tensive bums  (SoUmann,  191Q).  ^1 

Moisture  of  the  skin  and  perspiration  very  de6nitely  increase  the  susceptibility — aJB 
important  hint  for  prophylaxis. 

The  presence  of  moisture  also  increases  the  susceptibility  to  other  irritants  that  are 
more  soluble  in  oil  than  in  water. /.(.,  phenol  or  true  mustard  oil.  In  all  these  ca»s. 
the  insiMubility  in  water  would  favor  the  penetration  into  the  more  solvent  skin. 
Marshall,  Lynch  and  Smith,  1918  (journal  Pharmacology,  12:  291)1  explain  suscepti- 
bility along  similar  lines:  They  assume  that  the  outer  layers  of  the  skin  (the  stratum 
corncum?)  have  considerable  affinity  for  iht:  poison,  and  thus  delay  its  passage  into  the 
deeper,  H%ang  tissues.  On  this  assumption,  the  solution  affinity  of  the  outer  skin  layi 
would  be  less  when  this  layer  is  rich  in  water,  and  greater  when  it  is  rich  in  fat. 

Smith,  Clewesand  Marshall,  tqiq  believe  that  the  intracellular  threshold  of  toxicil 
would  probably  be  the  same  in  all  individuals,  and  that  the  difTerenees  in  toxidcyj 
are  due  entirely  to  absorption.     They  believe  that  the  poison  is  rapidly  absorbed  by  ll 
skin-surface.     A  part  passes  rapidly  into  the  deeper  layers  and  cannot  be  removed, 
greater  part,  however,  remains  in  the   upper  layer  and  is  removable  for  10  minutes^l 
A  large  part  of  this  In  the  superficial  layer  evaporates,  in  fact,  more  than  passes  inward. 

A    resistant    skin    absorbs  much   more   than   a   sensitive,   and   on   contact   with 
sensitive  skin,  the  resistant  takes  up  the  poison. 

REMOVAL  OF  "MUSTARD  GAS"  FROM  THE  SKIN 
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When  the  dichlorcthylsulphid  has  penetrated  the  cells  of  the  !.kin,  the  damage  has 
been  done,  and  treatment  is  only  palliative.  It  is  therefore  imperative  to  remove  the 
poison  as  completely  as  possible  before  it  has  penetrated  and  combined.  Unfortunately, 
the  penetration  is  very  rapid;  if  a  small  drop  is  placed  on  the  skin,  it  is  absorbed  M> 
rapidly  that  even  the  odor  has  disappeared  ^^ithin  2  minutes.  The  &xation  within  the 
skin  is  almost  as  rapid,  so  that  the  efficienc>'  of  removal  treatment  is  limited  within 
5  minutes,  and  almost  nil  after  to  to  20  minutes. 

This,  combined  with  the  fact  that  most  burns  are  not  noticed  until  several  hours 
after  they  were  received,  emphasizes  the  desirability  of  prophylaxis,  of  protection  against 
ejcposure  and  contact. 

The  first  step  in  the  treatment  of  a  mustard  bum  is  the  removal  of  the  oontaininatcd 
clothing. 

The  removal  from  the  skin  may  be  attempted  by  chemicai  means  or  by  solvents.  J 
The  solvents  have  given  better  results,  presumably  because  of  their  better  penetration^^ 
Any  convenient  solvent  may  be  used  with  almost  equal  results:  alcohol,  acetone,  gaso- 
line, kerosene,  turpentine,  oils  or  grease,  petrolatum  and  somewhat  less  efficiently  soap, 
*' green  soap"  being  better  than  soda  soaps.     For  practical  reasons,  chielly  economical,  h 
kerosene  is  generally  preferred.  fl 

The  solvent  treatment  is  materially  more  efficient  if  it  is  combined  with  rubbing!^ 
presumably  because  this  presses  some  of  the  poison  out  of  the  gland  ducts. 

Ckrmical  Removal. — Chlorinated  lime  ana  the  chloramins  neutralize  the  poi.son  if 
they  are  applied  immediately;  but  they  fail  to  reach  any  that  has  penetrated.     Tl 
renders  them  rather  inferior  to  the  kerosene  treatment.     In  any  case,  they  would 
useless  5  or  10  minutes  after  exposure. 

TREATMENT  OF  MUSTARD  BURNS 

PrindpUs. — The  various  treatments  that  have  been  proposed  involve  mainly  three 
principles: 

1.  Attempts  at  Chemicai  Deztruetion  of  the  Poison  within  the  Skin. — These  have  been 
uniformly  unsuccessful,  since  the  poison  is  rapidly  fixed  within  the  cells  and  is  thus  out 
of  reach  of  most,  if  not  all,  of  the  chemical  antidotes.  The  outlook  in  this  direction  is 
unpromising,  though  perhaps  not  quite  hof>eIcss. 

2.  ProUciive  Measures — These  at  least  add  considerably  to  the  comfort  of  the  patient, 
and  may  indirectly  hasten  healing  somewhat.  This  last  statement  should  pcrnaps  be 
somewhat  modified.  It  is  vcty  doubtful  whetlier  the  natural  course  and  healing  01  the 
bums  can  be  materially  influenced  for  the  better  by  any  trcaimcnl  so  far  tried;  hul  il 
can  be  materially  influenced  for  the  worse,  by  irritation.  Protective  measures  eliminatr 
this  additional  injury. 

As  the  first  step  in  the  protective  treatment,  the  patient  should  be  removed  from 
all  chance  of  exposure  to  the  poison,  even  to  the  dilute  vapor,  or  other  irritant  vapors, 
until  the  burns  are  healed-     Irritant  dressings  must  also  be  avoided. 

Further  details  of  protective  treatment  arc  discussed  later. 
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3.  AniUtplics. — The  extensive  raw  surface,  the  lowered  Wlalily,  and  the  presence 
of  necrotic  tissue  in  the  blistered  burns  offer  excellent  opportunity  for  infections.  On 
the  other  hand,  the  infection  remains  superficial  and  is  easily  kept  in  bounds  by  anti- 
septics, and  even  by  ordinary  cleanliness.  Most  burns  probably  heal  about  the  same 
woether  antiseptics  are  used  or  not. 

However,  the  antscptic  should  be  gi^-en  the  benefit  of  the  doubt.  Antiseptic  of  the 
chlorin  ground  has  been  found  most  5cr\Mceable,  and  should  be  used  whenever  possible 
(Warthin  el  aJ.,  1918).  They  are  esiwcially  useful  toward  the  end  of  the  necrotic  stage. 
Perhaps  their  benefit  here  may  be  referred  partly  to  the  solution  of  the  necrotic  tissue. 

The  comparison  uf  difTerent  method-i  of  treating  the  burns  is  not  easy,  partly  because 
it  is  difficult  to  judge  the  severity  of  a  burn,  and  its  presumptive  course,  especially  if 
it  was  not  followed  through  all  its  stages.  Several  adjacent  blisters  that  look 
practically  alike  at  the  height  of  vesication  may  really  be  of  a  different  depth;  one  may 
heal  smoothly  within  two  weeks,  the  other  may  undergo  necrosis  and  require  four 
ipecks. 

\Dother  source  of  error  is  the  rather  abrupt  turning  point  when  spontaneous  im- 
provement sets  in.  Without  any  treatment  a  necrotic  surface  that  has  been  practically 
ktat)onar>'  for  a  week  or  more,  starts  to  improve  over  night,  almost  visibly.  If  a 
treatment  has  been  instituted  within  a  few  days  of  this  turning  point,  it  would  very 
TMturally,  but  very  erroneously  receive  the  credit  (Sollmann.  1919). 

Treatment  of  the  Rashes. — This  is  directed  mainly  against  the  burning  and  itching. 
Great  relief  is  obtained  by  cold  baths  and  the  continuous  application  of  compresses 
Mturatcd  with  cold  lotions.  The  ingredients  of  the  lotions  arc  rather  immaterial, 
liocc  their  action  is  mainly  physical.  Alum  or  aluminum  acetate,  i  per  cent.,  are 
l&O^ely  used. 

Benzyl  altahot  has  been  suggested  (Hess,  191!^;  Read,  191S);  either  a  xo  per  cent, 
oiptment  or  a  lotion  containing  equal  volumes  of  benzyl  alcohol,  alcohol  and  water, 
lilhtlK  addition  of  4  per  cent,  of  glycerin. 

Friction  of  the  skm  should  be  avoided;  also  the  application  of  irritant  drugs,  such 
*i  picric  acid  or  mercuric  chlorid  solutions.  They  are  not  needed  and  may  increase 
tli£<k'nnntitis. 

In  this  and  in  other  stages,  it  is  advisable  to  give  bromid,  i  ^.  or  15  grains  in  water, 
(our  times  daily,  against  insomnia.  The  use  of  stronger  narcotics  and  especially  opiates 
"5  In  be  avoided.  They  are  not  nccessao'  in  the  milder  forms;  and  the  more  painful 
^>utn5  ure  too  persistent. 

Treatment  of  Small  Blisters. — Although  small  burns  may  be  deep  and  destructive, 
ihcy  ite,  of  course,  less  dangerous  than  extensive  burns.  They  must  be  treated  with 
cquil  Attention  to  asepsis;  but  irritants  may  be  used  more  freely,  if  desired. 

The  simplest  and  perhaps  the  best  treatment  is  to  protect  the  blister  by  a  cotton 
tnd gauze  dressing  until  it  breaks  spontaneously.  It  may  then  be  dressed  daily  either 
"^tb  a  dusting  powder,  especially  bismuth  subnitrate;  or  with  alum  lotion;  or  with 
pctroUlum.     Any  loose  skin  is  trimmed  away. 

If  ulceration  sets  in,  the  burn  is  painted  daily  with  3  per  cent,  dichloramin  T  in 
(Uoroiunc,  and  covered  with  a  white  petrolatum  dressing. 

Opinions  var>-  somewhat  as  to  whether  the  blisters  should  be  opened  early  or  left 
^oe.  Apparently  there  is  no  difTcrencc  as  to  healing;  and  the  discomfort  is  distinctly 
greater  when  the  epidermis  is  removed. 

OaUiHi  pt'^'dfT'i  are  useful  on  superficial  burns,  but  not  with  deep  burns.  Bismuth 
MjbwUttif  may  be  used  only  on  small  areas.  For  larger  burns,  one  may  use  talcum. 
*itK  qud  Of  s-learate,  chalk,  magnesia,  or  kaolin. 

£xf/-tWtr  p(jin  from  uUcn  may  be-  relievfd  by  dusting  with  10  per  cent-  of  orlho- 
f»nn  new  in  talcum.     Tht:  relict,  however,  does  not  last,  and  is  scarcely  worth  while. 

Treatment  of  Extensive  Blister-bums.  Fretiminary  Clmning. —  The  clothing 
•^wU  be  removed  to  the  skin  as  soon  as  possible  after  exposure;  and  of  couree  should 
B^be  worn  a^ain  until  it  has  been  disintoxicated.  The  skin  (and  the  hair,  if  it  has  been 
(^xmmI)  should  then  be  scrubbed  with  kerosene,  soap  and  hot  water,  as  previously 
dodit^. 

CUorinaifd  Bath. — This  is  advised  by  Warthin.  It  may  follow  a.s  soon  as  possible 
•fttr  ijjc  kerosene  scrub;  or  may  be  applied  at  once,  if  the  patient  docs  not  come  under 

*^''*"- Tthin  an  hour  after  exposure. 

scd  part  should  be  immersed  for  one  or  two  hours  in  Dakin's  solution  of 

'       -vjda.     This  may  be  applied  as  a  local  bath,  a  sitz-bath  or  a  full  bath, 

i  ng  to  the  location  of  the  burn.     If  immersion  is  not  feasible,  the  solution  (or 

r    ■  rat.  watery  Chloramin  T)  may  be  applied  on  compresses,  but  this  is  less  e0cclive 

yun  immrrsion. 

The  chlorinated  hath  has  the  purpose  of  disinfecting  the  epidermis,  thus  diminishing 
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the  tendency  to  secondary  infections.     It  would  also  neutralize  any  of  the  p<MSon  that 
is  still  unabsorbed;  but  this  would  be  very  exceptional. 

Asepsis. — From  this  point  on,  the  burn  should  be  carefully  guarded  against  bacterial 
infection.  Until  the  blisters  are  opened,  the  burns  may  be  protected  by  dry  dressing*, 
or  by  compresses  moistened  with  i  per  cent,  alum  or  aluminum  acetate,  repeating  tht 
soaking  in  Dalun's  solution  two  or  three  times  a  day. 

Obening  of  the  Blisters. — For  the  ultimate  results,  it  is  apparently  immatcriat 
whetner  the  blisters  are  opened  early  and  freely,  or  merely  punctured,  or  whether  they 
are  protected  until  they  rupture  spontaneously. 

Each  plan  has  its  advantages  and  drawbacks.  When  the  blister  is  opened,  it  is  more 
painful;  but  it  is  also  more  accessible  to  antiseptic  treatment.  ^1 

If  it  is  decided  to  open  the  blisters,  this  should  be  done  under  aseptic  precaution v^l 
by  puncturing  with  a  sterile  needle  at  one  side.  The  point  of  entrance  may  first  be 
touched  with  iodin  solution.  If  this  is  done  before  the  contents  coagulate,  evacuation 
may  be  complete.  Generally,  however,  the  contents  are  gelatinous,  and  the  duid 
seeps  away  slowly  and  must  be  absorbed  by  the  dressings.  The  epidermis  is  not 
removed  at  once,  but  can  soon  be  picked  of!  in  shreds. 

TreatmnU  of  the  Opened  Blisttrs. — It  is  desirable  to  treat  these  as  open  and  lightly 
infected  wounds.  This  is  done  most  effectively  by  antiseptic  and  cleansing  baths  and 
moist  dressings.  During  the  sensitive  stage,  however,  it  is  often  necessary  to  substitute 
protection  against  the  chemical  irritation  of  the  air  and  the  mechanical  irritation  of  the 
dressings.  The  principle  of  cleanliness  and  asepsis  must  be  kept  in  mind  and  secured 
as  fully  as  possible. 

Rigid  Balh  Treatment. — This  consists  in  a  practically  continuous  rotation  of  baths^ 
immersion  or  packs,  at  body  temperature  if  necessary,  as  follows: 

Dakin's  solution,  x  to  2  hours. 

Sodium  chlorid,  5  to  10  per  cent.,  3  hours. 

Normal  saline,  i  hour. 

This  method  condemns  the  use  of  fatty  protectives  as  likely  to  favor  infection. 

If  the  pain  is  excessive,  a  "  coltmdal  saline  baJh  "  is  \iscd,  made  by  dis5K>lving  a  pound 
of  commercial  cornstarch  and  a  pound  of  sodium  bicarbonate  in  20  to  30  gallons  of 
sterile  normal  saline  solution.  If  this  is  warmed  to  90  or  95°  F.,  the  whole  patient  may 
be  kept  in  the  bath  for  48  hours  if  neces5ar>'. 

Modifications,  (a)  Alum  in  Place  of  the  Dakin's  Solution. — During  the  most  sensi- 
tive stage  the  Dakin's  solution  may  be  two  painful.  In  that  case,  t  per  cent,  alum  or 
aluminum  acetate  may  be  substituted  temporarily,  without  otherwise  modifying  the 
routine. 

Permanganate,  5  per  cent,  applied  every  hour,  for  3  or  4  hours  after  exposure,  has 
been  used  as  a  prophylactic;  but  ttierc  is  no  evidence  that  it  is  efficient. 

The  French  medical  ser\'ice  used  as  a  lotion  a  mixture  of  3  volumes  of  solution  of 
hydrogen  peroxid,  and  i  volume  2K  per  cent,  sodium  bicarbonate  changed  2  or  3  times 
daily. 

(fr)  Peirolaium  Dressings. — These  add  greatly  to  the  comfort  at  night,  and  may  be 
almost  indispensable.  In  fact,  they  must  often  be  used  in  alternation  with  the  baths. 
There  does  not  seem  to  be  any  adequate  objection  to  them  when  used  in  this  way, 
although  elaborate  and  continuous  air-tight  dressings  with  paraffin,  rubber-danv 
adhesive,  etc.,  are  undesirable.  It  suffices  to  cover  the  burn  witn  gauze  that  has  been 
plastered  rather  thickly  with  petrolatum.  The  ordinar>*  yellow  petrolatum  is  suitable, 
except  in  connection  with  dichloramin  T,  when  a  mixture  of  surgical  paraffin  and 
liquid  petrolatum,  3"^  must  be  used  (Sollmann,  tqiq). 

(c)  Dichloramin  1  TreattnifU. — This  is  a  convenient  simplification  of  the  routine 
which  can  be  employed  when  the  sen.sitivcness  is  diminishing,  i.e.,  when  it  produces 
only  a  temporar>'  smarting.    It  is  too  painful  during  the  sensitive  stage. 

It  is  employed  as  a  2  per  cent,  solution  in  chlorcosane.  This  is  painted  on  the  wound 
every  2  to  4  hours.  If  trie  smarting  is  still  severe,  a  small  area  may  be  treated  at  a  time. 
It  is  covered  with  paraffined  lace-mesh  gauze.  However,  this  protects  only  incompletely 
against  adhesion  of  the  secretions. 

It  is  therefore  advisable  to  use  ordinary  gauze  covered  with  a  la>-cr  of  paraffin  oint- 
ment ?:  7.     The  skin  around  the  wound  should  aln-aj-s  Iw  vaw^lined. 

Wfcen  changing  the  dressings,  the  wound  should  be  wiped  gently  with  liquid  petrola- 
tum.    Twice  daily,  it  should  t^  soaked  in  10  per  cent,  salt  solution  until  it  is  quite  clean. 

Granuictions. — The  bums  usually  heal  slowlv  but  smoothly.  Should  granulations 
become  too  exuberant,  they  may  be  painted  witK  10  per  cent,  silver  nitrate.  i 

Furuncnlosis. — This  develops  about  the  second  or  third  week  in  many  patients.  lU 
is  due  to  staphylococcus  pyogenes  aureus  infection,  and  is  said  to  have  been  treated 
successfully  by  autogenous  vaccine  (Warthin). 
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Treatment  of  the  Gastric  Symptoms. — Nausea  and  vomiting  are  seen  in  a  proportion 
of  the  intoxications  by  inhalation.  Recover)'  generally  follows  without  other  treatment 
than  a  light  diet.  c3ccasionally.  however,  the  vomiting  is  very  severe  and  prolonged. 
Such  cases  should  be  treated  with  alkalies  and  bismuth  and  a  milk  diet^  esseotully 
liJ^e  gastric  ulcer. 

There  seems  to  be  a  general  lowering  of  the  resistance  after  mustard 
poisoning;  and  therefore  increased  susceptibility  to  infections,  influ- 
,  bronchitis,  pneumonia  and  tuberculosis  (Warthin  and  Weller,  1919). 

DIRECT  SYSTEMIC  ACTIONS 

The  local  actions  of  dichlorethylsulphid  are  so  conspicuous  that  they 
rather  obscure  the  systemic  actions.  These  have  been  studied  by  direct 
injection.  They  affect  mainly  the  heart  and  ner\'ous  system.  Heart- 
block  is  particularly  characteristic. 

Fairly  small  doses  are  fatal  in  dogs,  less  than  6  mg.  per  kg.  (Lynch,  Smith  &  Marshall, 
8). 

EJfed  of  Subcutaneous  and  Intravenous  Injedions. — There  is  latent  period  of  10  to 
minutes,   during   which  no  effects  of  any  kind  are  disclosed.     At  the  end  of  this 
salivation  sets  in,  followed  by  increased  nervous  irritability,  excitement,  diarrhea, 
sometimes  convulsions.    The  excitement  soon  gives  place  to  coma. 
The  pulse  becomes  slow  and  irregular,  with  2  or  3  auricular  beats  for  each  vcn- 
IricuUr  contraction.     Toward  death  the  heart  becomes  ver>'  rapid,  but  does  not  respond 
vagus  stimulation      Finally,  heart-failure  is  the  apparent  cause  of  death. 
Warthin  and  Weller,  1919.  studied  the  effects  of  fatal  doses  on  rabbits  (0.06  c.c. 
kg.)  and  dogs  (o.o.^  c.c.  per  kg.).     If  death  occurs  quickly,  the  symptoms  are  refer- 
to  the  central  ner\'ous  system  and  are  probably  direct.    ^Tien  death  is  slower,  there 
xvere  diarrhea  (catarrhal  enteritis). 

The  nervous  symptoms  consist  in  extreme  restlessness,  incoordinated  movements, 
«ic.;  but  no  definite  paralysis  or  convulsions  (Pappenhcimer;  1919;  rabbits,  5  to  10 
OR.  per  kg.  is  M.F.D.). 

wi«mj. — Thcnecropr>'  fails  to  show  either  gross  or  microscopic  changes  in  the  heart. 
Jhe  only  consistent  lesion  is  an  intense  congestion,  sometimes  hemorrhagic,  of  the 
»BteUiittl  mucous  membrane,  particularly  in  the  duodenum. 

inuuiruii  Changes. — They  consist  of  severe  mucoid,  dcsq^uamarive  and  necrotic 
it*lerius.  They  suggest  that  excretion  of  the  substance  or  irritant  derivatives  occurs 
y  by  the  intestines  (Lynch  ft  ai.,  1918I.  These  results  have  been  confirmed  by 
[bin  and  Wcllcr,  191Q,  for  hypodermic  injection.  They  also  found  similar  dcgcnera- 
inOammatory  changes  in  the  intrahepatic  bile  ducLs  and  fiall-bladder,  so  tflat  the 
tion  may  occur  partly  by  the  liver.  There  is  no  direct  evidence  that  the  poison  is 
by  these  channels. 
j^tfGct  Gaslro-iniesiinaJ  Lfsions. — These  occur  by  the  ingestion  of  the  substance  with 
or  saliva.  Animals  that  survive  several  days  after  being  ''passed"  in  chambers 
have  acute  gastro-intestinal  catarrh.  The  lesions  ore  similar  to  those  pro- 
by  local  contact  in  other  locations:  superficial  necrosis,  followed  by  ulceration  of 
"*  BUKosa  (Warthin  and  Weller,  1919).  The  gastro-intestinal  symptoms  in  maa 
^Piobahly  chiefly  reflex,  from  respiratory  irritation  and  shock. 

hOncys. — These  do  not   show   direct  changes,  even  with  intravenous  injection, 
involvement  (cloudy  swelling  and  hyaline  casts)  may  occur  during  infection 
ive  necrosis  in  <<vcre  local  lesions  (Warthin  and  Weller,  1919). 

•s  may  show  diminished  urine  output,  increased  concentration,  diminished 
"CT  *'*'^  chlorid.  The  condition  improves  on  forced  liquid  regimen.  Mild  skin 
'•**ftshavc  no  changes  in  the  urine  or  blood  (Hermann,  1918). 

*W.— Human  inhalation  casualties  show  initial  leucocytosis,  followed  by  more 

w  bi  crtrtmc  Utuoffcnia  (Giensa,  1919)  asssoclaled  with  severe  lesions  in  the  bone- 

^w  (Krumbhaar,  1919:  Pappcnheimer  and    Vance,  1919)-     'This  usually  pereists 

'■luring  the  bronchopneumonia,  and  probably  contributes  to  the  high  mortality  of 

'""aplicalion.     Tlie  formation  of  red  crUs  and  of  the  plaUUts  is  also  diminished. 

fvlaXian  time  is  decreased  in  the  earlier  stage,  lengthened  in  tlie  later  stages  of 

cases  (Krumbhaar,  1919.  J..\.M.A.,  73:.i9)-     Hermann,  191S.  noted  that  the 

nm  of  the  blood  change  coincides  with  the  height  of  the  secondary  infectiona^ 
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and  believes  these  responsible,  rather  than  direct  action.     Pappenheirocr  and  Vance» 
however,  found  the  same  chanj»es  after  intravenous  injections. 

Systemic  Sympionii  from  1  nkifation.^-The  chararitristic  effecU  on  the  pulse  and 
the  nervous  system  are  also  wren  in  animals  poisoned  by  inhalation,  and  indeed  even 
after  Uic  application  of  large  amounts  to  the  skin.  The  substance  must  therefore  be 
tibxorhfd  fairly  readily  (Lynch  et  al ,  \c.). 

Fate, — Dichlorethylsulphid  is  evidently  rapidly  hydrolyzcd  for  the  urine  contains 
products  of  hydrolysis,  probably  dihydroxyetbylsulphid,  "mlYi  all  methods  of  adminis- 
tration.   This  is  not  trntant  but  by  artificial  cblonnation  it  can  be  re-converted  inuv, 
the  toxic  substances  (Lynch  <t  at.,  Ic). 

PROTECTION  AGAINST  MUSTARD  GAS 

The  very  limited  success  of  treatment  makes  prophylaxis  especially  important. 
Protective  measures  apply  to  the  surroundings;  to  the  clothing;  and  to  the  skin. 

They  differ  in  many  respects  for  the  tield  and  for  the  factory. 

Factory  Protection. — This  involves  ventilation,  installation  of  neutralizing  agents, 
and  thorough  instruction  and  discipline. 

Protective  Clothing. — Ordinary  clothing  furnishes  no  protection.  Leather  is  also 
practically  ineffective.  Thick  rubber  furnishes  a  short  protection,  but  quickly  becomes 
impregnated  and  then  conveys  the  infection.  Ordinary  "oil  cloth"  i?  quite  resistant, 
but  too  sti0.  Practically,  the  best  results  are  obtained  with  cloth  painted  with  linseed 
oil,  so  that  the  pores  arc  entirely  closed.  The  protection  is  adequate,  although  not 
perfect.     Certain  waxes,  gums  und  proteins  arc  highly  resistant.  fl 

Attempts  have  been  made  to  treat  porous  fabrics  so  as  to  neutralize  the  poison,  f 
but  it  seenu  improbable  that  these  would  be  succe&sful. 

Removal  from  CA7(Ai«^.— Clothing  that  has  been  contaminated  should  be  promptly 
disintoxicated,  with  the  minimum  of  handling. 

Hanging  it  in  the  sun  and  wind  for  a  day  or  louj^er  docs  some  good,  but  is  not  reliable. 
Boiling  with  water  for  an  hour  destroys  the  poison  by  hydrolysis  and  evaporation. 
The  process  is  hastened  by  the  addition  of  wasning  soda  or  chalk.  These  also  protect 
against  the  acid  that  is  forme<l.  Certain  solvents  or  catalyzers  may  be  added.  Vacuum 
steam  distillation  has  been  found  satisfactory  (Marlow,  iqiS).  f 

Treatment  with  dilute  solution  of  chlorinated  lime  has  been  tried,  but  is  of  doubtful  ( 
value. 

Superheated  steam  (iioX.  for  i  to  3  hours,  i30°C.  for  40  min.)  removes  the  poison 
partly  by  evaporation  and  partly  by  hydrolysis.  h 

Objects  that  would  he  injured  by  these  methods  can  be  disintoxicated  by  solventft^fl 
such  as  kerosene  or  gasolin.  ^ 

Protection  of  the  Ski$i. — The  poison,  like  other  fat-soluble  irritants,  is  more  injurious 
when  the  skin  is  moist;  whilst  oiling  of  the  skin  confers  a  certain  degree  of  protection. 
Unfortunately,  this  protection  is  quite  limited.  It  may  be  fairly  complete  for  short 
exposure  to  low  concentrations;  and  with  high  concentrations  it  at  least  increases  the 
efficiency  of  removal-treatment.  For  long  exposures,  however,  there  is  practically  no 
protection  by  oils. 

Kxlensive  experiments  with  different  oils,  ointments  and  admixtures  have  rcNxaled 
quantitative  differences;  but  they  arc  not  sufficiently  great  to  affect  the  practical 
results  materially  (Sollmann,  iQig). 

Other  Skin  Irritants. — Hanzlik  ct  al,  1919,  give  a  survey  of  the  results^ 
from  a  large  number  of  substances. 


NON-VOLATILE  ORGANIC  IRRITANTS 


,\  number  of  fixed  organic  drugs  act  a<?  local  irritants.  The  most  tmportani 
these  is  caniharidin.  Capsicum,  euphorbia,  poison  ivy,  and  crolon  oil,  tnc  "acrid 
principles"  of  certain  fresh  plants,  especially  01  the  family  of  Kanunculaccx,  etc,  may 
be  counted  in  this  group.  They  owe  their  actixity  to  neutral,  resinous,  or  oily  prina- 
ples.  Some  benzol  denvalives — chrysophanic  acid,  resorcin.  pyrogallol,  etc. — have  a 
similar  action,  so  also  do  some  of  the  toxins  and  the  poison  of  bees  (Faust,  1910). 
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CANTHARIDIW 

^^  Actions  and  Uses. — Cantharides  (Spanish  Flies)  are  used  for  vesica- 
^^Bn  and  for  prolonged  counterirritation  in  p>]eurisy,  neuralgic  and  rbeu- 
P^&tic  pains,  etc.     The  irritation  is  active,  but  the  penetration  slow,  so 

that  the  effects  are  gradual,  with  only  moderate  pain,  and  without  involv- 
L^|ent  of  the  deeper  layers  of  the  skin.  The  blisters  therefore  heal  readily 
^Hd  without  scar.  On  mucous  membranes  and  open  wounds,  the  cfTects 
^Be  more  severe,  leading  to  local  necrosis,  and  slowly  healing,  suppurating 
^Hcers.  Internally,  cantharis  is  highly  toxic  by  gastroenteritis  and 
^Bphritis;  even  the  absorption  from  a  large  blister  may  cause  severe 
^Bitation  of  the  kidneys  and  urinary  passages.     It  is  therefore  contraindi- 

cated  in  nephritis,  and  should  never  be  used  internally,  although  it  was 

formerly  employed  as  a  diuretic. 

OriffSl  of  Cantharidin. — Cantharidin  is  a  crystalline  principle,  the  anhydrid  of 
tharidic  acid.     Il   combines  readily   with  alkalies.   fortniDg  soluble  salts.     These 
ucc  the  same  local  and  systemic  actions.     Cantharidin  is  contained  in  a  number  of 
ts,  especially  beetles.     A  similar  sut^stance  exists  also  in  some  caterpillars.     It  is 
nt  in  var>'ing  amount,  even  in  the  same  species.     It  was  isolated  by  Robiquet  in 
13  from  the  Spanish  "Fly"  (a  bt*ctlc     Cantharis  or  Lytta  vcsicatoria).    It  is  con- 
ed in  the  soft  parts,  particularly  the  blood, 
Cantharis  was  recommended  by  Hippocrates  in  dropsy  and  amenorrhea;  it  was  ver>' 

in  ihe  days  of  heroic  medication. 
iUworptioD  and  Excretion. — Cantharidin  is  readily  absorbed  from  all  surfaces  even 
from  the  skin.     It  is  excreted  mainly  by  the  kidneys  (Eliaschoffl;  but  since  it  irritates 
Ibc  gasiro- intestinal  tract  when  injected  h>*p6dermicaliy,  some  must  be  excreted  by 
ohutinel. 

Symptoms  of  Poisoning.^When  cantharis  is  taken  by  mouthjt  produces  success- 

Iv:  burning  in  the  mouth,  thirst,  difl5culty  in  swallowing,  swelling  and  blistering 

the  tongue;  salivation,  nausea,  vomiting,  colic,  and  sometimes  bloody  diarrhea  and 

tenesmus.     The  gastrointestinal  symptoms  may  be  less  pronounced  in  rapid  poison- 

■BK.    Kidney    pam,    burning    in    urclnra,    frequent    micturition,    albuminuria,    casts, 

Itcm&turia,  painful  erections,  abortion.     Weak  and  slow  pulse,  chill,  syncope  and  col- 

Upic.    Recovery  may  occur  in  about  five  days,  the  urine  returning  to  normal.    Toxic 

eflects  have  been  produced  by  0.6  Gm.;  death  by  1.5  to  3.0  Gm.,  but  recovery  has  also 

urrtd  from  much  larger  doses.     Of  cantharidin,  10  mg.  is  said  to  be  fatal. 

Central  Actions. — When  injected  into  the  circulation,  cantharidin  affects  the  cenirai 

sy^ttm,  producing  short  stimulation,  excitement,  and  increased  reflexes,  fol- 

y  paralytic  symptoms,  coma,  etc. 

centra  action  is  not  often  seen,  being  obscured  by  gastroenteritis  or  nephritis. 
Tfce  Treatment  of  Poisoning. — This  consists  of  gastric  liivage,  demulcents. 
iiles,  alkiilit's  and  plenty  of  fluid,  heat  to  the  gastric  and  renal  region,  and  warm 
liis.    No  oils  or  fats  should  be  given, 

ntbahdin  Nephritis. — The  kidneys  arc  highly  sensitive  to  cantharidin.    Small 

AC1  entirely  on  the  glomeruli,  which  arc  greatly  dilated;  numerous  leucocytes 

d  in  Bowman's  capsule.     The  urine  becomes  albuminous  within  half  an  hour 

ttbcutaneous  injection.     The  smaller  doses  increase  its  amount,   while  larger 

*•»  diminish  it.     The  epitheUum  of  the  convoluted  tubules  is  only  affected  by  large 

^*tt,  and  rather  late  in  the  course  of  the  poisoning.     The  interstitial  tissue  escapes 

<«tirfly  in  the  acute  intoxication,  and  is  hut  slightly  changed  even  in  the  subacute  form 

'MQrset,  iRfl6;  Lyon,  1Q04;  Richter  and  Roth;  Schlaycr  and  Hcdinger,  ioo7;Pearcc, 

'«i.O     The  excretion  of  phthalein  Is  delayed   (Eisenbrey,   1913);  the  non-protein 

liorrn  of  the  blood  is  increased  (FoHn,  Karsner  and  Denis,  191 2I. 

Hcpatk  Changes  and  Edema. — These  are  seen  in  dogs,  with  fatal  doses.     Opie, 

:,  found  fibrinous  clots  in  the  l\Tnph  nodes  of  the  hepatic  region,  around  the  injured 

Ifc  and  considers  their  obstruction  responsible  for  the  edema.     In  their  absence. 

'miph  flow  is  increased  independent  of  the  renal  changes. 

.    t^)lycythexnia. — This  occurs  after  acute  clinical  or  experimental  poisoning.     Jt  sets 

'*  liowly  and  is  rather  persistent  (Xipwitz  and  Cross,  1917;  Morgulis  and  Sluirhead, 

'Oil)). 

lacial  Tolerance. — The  hedgehog,  chicken,  and  duck  are  remarkably  tolerant  to 

r  nephritic  action  (Kllinger,  ii>oo).    This  is  not  due  to  differences  in  the  absorption. 
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nor  to  destruction  of  the  poison,  for  the  cantharidin  is  found  in  the  urine,  just  as  it  is 
in  susceptible  animals.  Nor  arc  these  animals  immune  to  other  nephritic  poisons. 
The  immunity  to  canlharides  is  also  only  partial;  even  a  single  injection  of  a  large  dose  i 
causes  chronic  nephritis.  Bui  taking  the  fatal  dose  for  man  (30  mg.  by  stomach)  as  the 
unit,  that  for  the  same  weight  of  hedgehog  lies  about  j,ooo.  For  the  dog  and  cat  it  ift 
about  2.5  (i  mg.  per  kilo);  for  the  rabbit,  aoout  45. 

This  immunity  to  the  nephritic  action  does  not  confer  immunity  to  the  local  action 
on  the  skin.  In  this  respect,  the  hedgehog  is  even  more  susceptible  than  the  rabbit, 
which  latter  animal  is  almost  immune  to  the  cutaneous  action.  The  nephritic  action 
is  lessened  by  rendering  the  urine  alkaline  (Kllinger,  1905}.  In  the  rooster,  cantharidin 
causes  changes  in  the  comb,  analogous  to  those  produced  by  ergot.  Frogs  arc  not 
susceptible. 

Vesicalion  in  Animah. — Animals  respond  to  irritation  of  the  skin  by  cutaneous 
edema,  rather  than  by  vesication.  This  is  probably  due  to  anatomic  differences.  Of 
the  experimental  animals,  the  horse  alone  seems  suited  to  test  the  action  of  vesicants 
(Ewe,  1920). 

Other  Vesic&nts. — When  canlharis  is  contraindicated — e.g.,  in  cases  of 
inflammation  of  the  urinary  passages — it  is  usually  replaced  by  ammonia 
water  or  chloroform,  which  vesicate  if  their  evaporation  is  prevented, 
as  by  covering  the  point  of  application  by  a  thimble.  These  are  rather 
more  rapid  in  action,  hut  much  more  painful  than  fly  blister,  and  are, 
therefore,  avoided,  if  possible.  lodin,  croton  oil,  and  mustard  have  also 
been  used,  hut  act  too  deeply. 

Contraindicatioiis  to  Vesication.— Blisters  in  general  are  corUraindi^ 
catrd  in  people  of  feeble  condition,  since  they  may  then  lead  to  tilceration. 
When  they  are  employed  for  ctfunterirritation,  they  should  not  be  applied 
directly  over  the  inflamed  part,  but  at  some  distance  from  it.    They  ™ 
might  otherwise  render  the  inflammation  more  violent.  H 

Alopecia. — Cantharis  is  used  in  the  treatment  of  baldness,  in  the  form  of  tincture, 
ver\-  greatly  diluted  M-ith  alcohol. 

Treatment  of  Impotence. — Many  drugs  have  been  employed  for  this  purpose,  but 
with  questionable  results.  Cantharis  produces  erection  through  reflex  irritation  from 
the  urethral  mucous  membrane.  It  is,  however,  quite  dangerous,  since  effective  doses 
may  set  up  nephritis.  Many  essential  oils  act  in  the  same  manner,  and  are  at  once  Icse 
dangerous  ana  less  active.  Here  belong,  e.g.,  daminana,  ginseng,  mint,  garlic,  ctc.,^ 
and  possibly  camphor.  Strychnin  was  tnougnt  to  be  effective  by  raising  the  tone  otS 
the  spinal  centers,  but  is  probably  useless;  as  also  phosphorus;  and  arsrni^.  Alrahot, 
morphin,  cannabis,  and  other  narcotics  may  act  as  aphrodisiacs  by  stimulating  the 
ima^nation.  Yohimbin  has  a  special  action  on  the  blood  vessels.  The  best  treatment 
for  impotence  consists,  of  course,  in  the  removal  of  the  cause  and  improving  the  gen- 
eral health  of  the  patient  by  appropriate  hygiene. 

PREPARATIONS — CANTHARIDES 

Canlharis  (Canthar.),  tJ.S.P.;  Canlharides  (Spanish  Flies,  Russian  Flies). — ' 
dried  beetle,  Cantharis  vesicatoria.  Contains  cantharidin,  0.4  to  i  per  cenL  (not 
than  0.6  per  cent.,  U.S. P.)  volatile  and  fixed  oil,  etc.     Maximal  dose,  0.05  Gm.,  i  gr, 

Cerai.  Caniluir.,  US. P.  (Blistering  Ceratc).^35  per  cent,  of  Canlharides. 

*  Emptaslritm  CarUharidis  (Emp.  Canthar.),  U.S.P.;  Canlharides  PUster— Pre- 
pared by  spreading  canlharides  cerate  upon  rosin  plaster,  leaving  a  margin  around  the 
edges.  Each  square  centimeter  of  ^read  plaster  should  contain  o.z  Gm.  of  canlharides 
cerate.  It  requires  from  six  to  ten  hours  to  raise  a  blister,  according  to  the  thickness 
of  the  skin,  its  content  in  fat,  and  probably  also  individua'  susceptibility.  The  plaster 
adheres  very  poorly,  and  must  usually  he  fixed  with  adhesive  plaster.  When  the 
blister  has  appeared,  the  plaster  should  be  carefully  removed  without  rupturing  the 
vesicle.  The  latter  is  then  pierced  and  dressed  with  an  ointment.  This  prevent* 
further  pain,  irritation,  or  infection.  By  a  "flying  blister"  is  meant  a  wiries  of  small 
blisters  raised  along  the  course  of  a  nerve  by  the  application  of  successive  plasters. 

Coliod.  Canth.,  U.S.P.  (BUsleriog  Collodion,  Vesicating  CoUodium). — 0  per  ccni- 
Cantharides  in  Flexible  Collodion. 
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Tf.  Cantkar.^  U.SP. — 10  per  cent.  Dose,  o.i  c.c,  i.V^  minims.  Maximal,  0.5  c.c, 
8 minims      May  l>c  added  to  linimenU  to  prolong  their  local  action;  in  hair  lotions,  i :  50. 

CoHtkaridittum,  B.P.;  C:oHii04. — Obtained  from  various  species  of  Canlharis  and 
of  Myiabris.  Colorless,  glistening  crystals;  no  odor.  Very  slignll^  sol.  in  water  or  ale. 
more  sol.  in  chlorof.,  ether  or  oils.  Cantharidin,  0.0^  to  x  mg.  in  a  drop  of  oil,  and 
co\'ered  with  simple  plaster,  may  be  employed  as  a  buster. 

The  cantharidal  preparations  of  the  B.P.  are  now  made  of  Cantharidin. 
The  proportions  are  adjusted  on  the  basis  that  i  part  of  Cantharidin  is 
equivalent  to  about  200  parts  of  Canlharis;  so  that  the  activity  of  the  new 
preparations  is  about  the  same  as  that  of  the  old. 

AcH.  Cantharidin,  B.P. — 0.05  per  cent,  (equiv.  Co  10  per  cent,  of  Cantharis). 

CoUod.  Vesic.,  B.P. — 0.4  per  cent.  Cequiv.  to  50  per  cent,  of  Canlharis). 

* EmploitrUm  CanihoHdin  (Emp.  Cantharidin),  B.P. — 0.2  per  cent,  (equiv.  1035 
percent,  of  Canlharis).     See  "Emp.  Canthar." 

EmpUuirum  CaltJtKiens  (Emp.  Calcfac),  B.P.;  Warming  Plaster. — 0.0a  per  cent. 
(equiv.  to  4  per  cent,  of  Canlharis). 

UquoT  Epiipasticui  (Liq.  Epispast.),  B.P.;  Blistering  Liquid.— 0.4  per  cent,  (equiv. 
Wfjopcr  cent,  of  Cantharis),  in  acetone  menstruum. 

Tr.  Cantharidin.,  B.P. — o.ox  per  cent.,  equiv.  to  i)4  per  cent,  of  Cantharis  (H  of 
CS.P.I.     Dosr,  0.12  to  0.3  c.c,  2  to  5  minims,  B.P. 

Vn%.  Cantharidin.,  B.P. — 0.033  P^*"  ceut.,  equiv.  to  7  per  cent  Cantharis  (H  of  the 
nid  preparation). 
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PILEPARATIONS — CAPSICUM  AND    SIMIL.\R    IRRITANTS 

C^fticum,  U.S.P.;  Capsic.  Fruct.,  B.P.;  Capsicum  (Cayenne  Pepper,  African  Pepper). 
"^t  dried  ripe  fruits  of  Capsicum  fasti^atum,  U.S. P.;  Capsicum  minimum,  B.P. 
Tbt  kctioD  is  due  to  about  0.02  per  cent,  of  a  crystalline  neutral  principle,  capsaicin 
(1  100,000  produces  la^ating  burning  of  the  tongue.  Nelson,  1910).  Capsicum  is  used 
iiilemally  as  a  condiment  and  carminative,  and  externally  to  produce  prolonged  counter- 
iniiation  for  rheumatism,  etc.  (20  per  cent,  ointiscnt;  or  equal  parts  of  tincture  and 
of  «ap-linimcnl).     Dost,  0.06  Gm.  1  Rr.,  U.S. P. 

Emp.  Capsic.,  U.S.P.;  Capsicum  Plaster.— Prepared  bir  brushing  oleorcsin  of  cap- 
finim  upon  the  surface  of  rosin  plaster  so  as  to  form  a  thm  coating,  leaWng  a  margin 
imund  the  edges. 

Oleons.  Capiic,  U.S. P. — Evaporated  ethereal  extract.     Dose^  0.03  Cm.,  Jj  gr., 

*Tt  Capsic.,  U.S. P. — 10  per  cent.     Dose,  0.5  c.c,  8  minims,  U.S. P.,  diluted. 

•  Tr.  Capsic.,  B.P. — 5  per  cent.     Dost,  0.3  to  t  c.c,  5  to  15  minims,  B.P, 

*Vn%.  Capsic,  B.P. — 25  per  cent. 

Eiiphofhium. — The  dried  juice  of  Euphorbia  resinifera,  consist*  of  a  gum-resin. 
The  ictivc  constitucDt  is  the  resinous  euphorbon  which  resembles  the  active  resin  of 
crotDo  oil  (Boehm,  i9is)-  The  drug  is  rarely  used  (in  liniments,  to  per  cent;  plasters, 
Jpocent). 

yaerfum,  U.S.P. — The  dried  bark  of  Daphne  species.  The  active  constituent  is 
tbeiahydrid  of  mezerinic  add.  There  is  also  a  glucosid  daphnin.  The  fluidextract 
otirely  used  as  an  addition  to  UnimenLs  or  plasters;  also  in  Fldcxt.  Sarsap    Co. 

Piprr,  U.S.?.;  Black  Pepper. — The  dried  unripe  fruit  of  Piper  nigrum.  (White 
Wper  is  the  ripe  fruit,  deprived  of  its  outer  pericarp.)  Contains  the  crystalline  alka- 
Wpiperin,  a  volatile  oil,  and  a  pungent  resin.     Dose,  0.5  Gm.,  8  gr.,  U.S.P, 

Okores.  Piper,  U.S.P. — Evaporated  ethereal  extract.     Dose,  0.03  Gm.,  f^  gr.,  U.S.P. 

Piperin  (pipcryl-piperidin). — Has  been  used  as  an  antipyretic  and  carminative, 
0.1  to  0.05  Cm.,  2  to  8  gr.,  in  capsules. 

PtdtaiUta. — The  herb  of  .\nemone  Pulsatilla  and  A.  liratensis;  Europe.  Should 
ooi  be  kept  over  one  year.  Active  ingredient,  ancmonin.  The  drug  is  very  irritant, 
*od  Is  almost  obsolete,  but  has  been  used  against  asthma,  hemicrania,  etc..  in  doses 
(ifD.itoo.4  Gm.     It  has  a  depressant  action  on  the  excised  uterus  (Pilcher,  igi6). 

AnemoHiH. — This  is  the  active  irritant  constituent  of  fresh  plants  of  the  buttercup 
funily;  for  instance,  the  marsh-marigold,  Caltha  palustris  (Robert,  iQi?)-  It  exists 
^  Raouncutus  scelenttus  mainly  as  a  mother  substance,  proto-anemonin,  which  is 
'o'ltile  with  steam.  The  structure  of  this  and  of  ancmonin  have  been  determined  and 
(nnfinncd  by  synthesis  (.\sahina  and  Fujita,  ig2o). 
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Arisaema  (Indian  Turnip;  Jack-in-thc-Pulpit). — The  (resh  corm  of  this  plant 
very  irritating  or  "acrid"  when  chewed.  This  is  probably  due  to  the  mechanical  eff« 
of  its  sharp  calcium  oxahite  crystals  (Lazenby,  igis;  K.  D.  Brown  and  Aadersoa,  igiS^ 

CHRYSAROBIN 

This  is  strongly  irritant  to  the  skin  and  mucous  membranes.  It  is 
employed  as  ointment  (5  to  25  per  cent,  daily)  against  psoriasis  and  para- 
sitic skin  diseases,  ringworm,  etc.  It  stains  the  skin  (keratin)  and  linen 
a  brownish-violet  color.  This  can  be  removed  by  chlorinated  lime  or 
benzol  (Mankiewicz,  1916).  Caution  must  be  used  lest  it  reach  the  eyes 
and  produce  violent  conjunctivitis  (or  rather  keratitis;  Igersheimer,  1912) 
and  cornea!  opacity.  It  is  absorbed  from  Ihe  skin,  and  excreted  partly  as 
chrysophanic  acid,  which  is  easily  formed  by  its  oxidation,  especially  in 
alkaline  solutions.  The  urine  is,  therefore,  colored  red  by  alkalies.  A 
part  is  excreted  unchanged,  and  causes  renal  irritation,  casts  and  albumi- 
nuria. By  mouth,  it  produces  (0.18  Gm.)  vomiting,  diarrhea,  rem 
pain  and  hematuria. 

ChrysarobJn  has  a  strong  a£Bnity  for  oxygen,  abstracting  it  from  the  tissues, 
has  been  suggested  as  the  basis  of  its  action,  the  oxidation  product,  chrysophanic  a( 
being  relatively  inactive.     The  oxidation  occurs  only  in  watery  suspensions  in  the  ni 
ence  of  alkali.     Fats,  therefore,  diminish  its  activity  (Schambcrg,  Raiziss  and  Koln: 
igi5). 

PREPARATIONS — CHRYSAROBtN 

Araroba,  B.P.  (Goa  Powder,  Crude  Chrysarobin). — A  substance  found  in  cavil 
of  the  trunk  of  Andira  (Vouacapoua)  Araroba. 

*  Chrysaroifinum  fChr>*sarob.),  U.S. P.,  B.P.;  Chrysarobin. — A  mixture  of  neul 
principles    extracted    from    Goa    powder;    chiefly    chrv'sophanolanthranol,    Ci*Hii( 
An  nrangc-ycllow,  microcrystalline  i>owdcr,  tasteless,  odorless,  and  irritating  to  the 
mucous  membrane.     Ver>'  slightly  sol.  in  water,  slightly  sol.  in  ale.  (1:385);  pai 
sol.  in  fats.     A  saturated  ethereal  solution  of  chrysarobin  is  used  in  the  treatment 
warts.     It  is  painted  on  daily,  the  dead  tissue  being  pared  oQ,     Dose,  0.03  Gm.,  ^ 
U.S.P. 

(Jng.  ChrysarohtH,  U.S.P. — 6  per  cent,  in  Bcnz.  Lard. 

Ung.  Chrysarobin,  B.P. — 4  per  cent,  in  Soft  Paraffin. 

Scarlet  Red,  MedicintU,  N.N.K.  (Kubrum  Scarlatinum.  toluylazo-naphthol) 
is  used  as  4  to  8  per  cent,  ointment,  to  stimulate  the  growth  of  epithelium,  on  cU 
granulating  wounds,  especially  burns,  and  on  clean  ulcers.     (Schmieden.  ipo^H;  ^!< 
wetz,  1909;  Dobrowolskavu,  iqi2,  report  the  results  as  no  better  than  without  thcdyi 
The  application  is  described  in  N.N.R.     Its  use  is  in  the  experimental  stage.     The. 
per  cent,  ointment  often  produces  irritation  and  even  erosion  and  sometimes  systc 
cffectiv  (\iolent  gastroenteritis;  1-yle,  1Q12).     0.  Sachs,  iqii,  claims  that  a  number 
other  anilin  dyes  also  stimulate  epithelial  growth.     The  property  is  especially  promin< 
in   the  compounds  allied  to  amido-ozo-benzene  (Martinotti,   1914).     Amidoasoloh 
is  being  advocated  as  less  staining  (Hayward;  Beck,  1913).     It  is  used  in  the 
strength. 

POISON  IVY 

Actions.^Contact  with  certain  species  of  Rhus,  common  along  roj 
sides,  on  fences,  in  woods  and  swamps,  etc.,  produces  typical  dermatil 
passing  through  the  successive  stages  of  hyperemia  and  itching,  to  vioh 
vesication,  edema,  and  suppuration,  according  to  the  specific  sensibilU 
of  the  individual;  many  persons  are  practically  immune,  although  a  suj 
cient  quantity  of  the  isolated  toxicodendrol  has  never  failed  to  produce 
dermatitis. 

The  active  ingredients  of  ail  the  species  is  a  resin  toxicodendrol  coi 
tained  in  the  sticky  sap  of  the  plants.     It  is  identical  or  very  similar  in 
the  toxic  Rhus  species  (McNair,  1916).     It  is  so  highly  active  that  H.oi 
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mg.  has  caused  severe  vesication  (PfafiF).  These  small  amounts  may 
easily  be  conveyed  in  the  smoke  of  burning  plants,  and  perhaps  by  in- 
sects (E.  D.  Brown)  or  dusl,  to  some  distance,  although  toxicodendrol  itself 
is  nonvolatile.  Warren,  1913,  and  McNair  could  not  find  the  poison 
in  the  pollen,  as  has  been  claimed.  Similarly,  it  may  be  conveyed  by 
the  hands  or  clothing  from  one  person  to  another,  as  if  it  were  contagious. 
The  dermatitis  has  a  latent  period  of  one  to  nine,  usually  four  to  five 
days,  apparently  independent  of  the  dose.  There  is  abo  some  sysiemic  re- 
action: severe  leucocylosis,  febrile  symptoms,  and  slight  renal  irritation 
(McXair,  ic)i6).  The  attack  generally  subsides  in  four  to  six  days.  Inter- 
nally and  hypodermically  it  produces  local  irritation  and  nephritis,  but  the 
5>'siemic  toxicity  is  relatively  low  (critical  bibliography,  Ford,  1913). 

Toxic  Spedes. — The  moat  important  are:  Rhus  vernix,  synon.  venenata  (Poison 
Sumach,  the  most  powerful);  Rhus  Toitcodendron  (Poison  Oak);  Rhu<i  radicans  and 
diversUoba  (Poison  Ivy);  Rhus  pumila  (a  Southern  species) — all  common  in  North 
.\merica;  the  Japanese  lacquer  tree  (Rhus  vernicifera).  Other  toxic  species  arc  men- 
twntd  by  L.  E.  Warren,  iQog  and  by  McNair,  1Q16.  The  common  sumach,  Rhus 
j;Ubni,  docs  not  have  this  action. 

nature  of  the  Toxicodendrol. — Pfaff,  1897,  showed  that  the  toxicity  is  not  due  to 
&N-olatile  alkaloid,  as  claimed  by  Khittel,  1S58;  nor  to  a  volatile  acid  (Maisch,  1866); 
bot  that  it  is  cau<;ed  by  a  fixed  oily  substance.  y\cree  and  Syme,  1907,  isolated  this  as 
atJUOT  wax,  and  showed  it  to  he  a  glucosid,  dissociable  into  rhamnosc,  gallic  acid  and 
feflin.  It  is  soluble  in  alcohol  and  oils  and  is  precipitated  by  lead  acetate,  from  which 
'tis  dissolved  by  ether.  It  is  not  destroyed  by  heating  an  hour  at  ioo**C.  fv.  Adelung, 
n)i.',  1913).  The  toxicodendrol  occurs  in  the  lacteal  vessels,  which  terminate  in  fine 
^>'r>  rSchwalbe.  1902).  However.  McNair,  1916.  did  not  fiind  it  in  the  plant  hatrs; 
toubts  the  glucosidal  nature  (reply  by  Acree,  1916).  Further  investigation  is 
necessary 
Artificial  Immunity. — Warren.  1919,  who  reviews  the  literature  of  the  subject, 
lions  lh;it  immunization  by  the  chewing  of  the  leaves  was  claimed  by  Dakin  in 
**  Ford.  1007.  found  that  repeated  hypodermic  injections  of  increasing  doses  of  the 
extract  induced  re!»i«<tam:e  to  the  local  necrosis  and  lu  the  nephritis;  and  that  the 
"  of  ihe*c  animals  tonfcrrcd  passive  immunity  on  others,  v.  Adelung,  1913,  was 
Wicccsiful  in  producing  immunity  to  the  isolated  toxicodendrol. 
Congenital  Toleraxice. — The  congenital  variations  in  susceptibility  are  very  marked. 
y  pcnons  being  immune  to  ordinary  contact,  although  the  immunity  is  probably 
^  absolute.  The  tolerance  is  sometimes  lost,  and  one  attack  seems  to  leave  the 
Aiti  more  sensitive  to  others;  but  Ford  mentions  tliat  Syme  gradually  acquired  tole- 
txQct.     Perspiration  seem*  to  facilitate  infection. 

Trettment  of  Ivy  Poisoning. — This  is  best  accomplished  by  thorough  scrubbing  with 

oiW  uap,  then  thoroughly  rubbing  in  a  hot  solution  of  potassium  permanganate  (j 

'-*T  trrit   fnr  ordinary  skin,  1  per  cent,  if  the  skin  is  delicate  or  broken) ;  and  applying  a 

i>'  soap.     The  permanganate  stain  may  be  removed  by  5  per  cent,  oxalic 

jlphurous  acid;  but  these  must  be  used  cautiously.     Salves  or  oils  must 

mce.  by  dissolving  the  toxicodendrol,  they  would  spread  the  infection. 

indicatefl  only  in  the  later  stages,  when  the  poison  has  become  completely 

Kubbcr  gloves  protect  against  infection. 

1  acetate  (saturalea  alcoholic  solution)  precipitates  the  toxicodendrol;  but  the 

nd  dissociates  easily,  so  that  the  applications,  to  be  effective,  must  be  made 

t!y      Other  popular  remedies  are:  copf>er  or  iron  salts;  the  cxpreswd  juice  of 

1   1  mc-nol"  (Impatiens  fulva);  and  fluidextract  oiGrindcUa  Robusta  (diluted  with 

•  u> ''  vol.  of  water  and  used  as  a  lotion). 

Other  Plants  Producing  Dermatitis. — These  comprise  a  number  of  tropical  trees 

'he  same  famUy — Lithrea  caustica;  Anacardium  (active  principle,  cardol, 

nce);Semecarpus      Primula,  chrysanthemum,  arbor  vitx,  and  many  other 

I  beans,  Clavcric.  loo^t;  the  fruit  of  the  ornamental  Ginko  tree  (Starr, 

'.nsitive  persons  in  the  same  manner. 

■  c  juice  has  apparently  produced  mild  dermatitis  in  susccptibli!  individuals 

Dermatitis. — This  is  caused  by  direct  contact  with  the  common  Chinese 
I'r.  obconica.  and  a  few  other  species.  Nestlcr  describes  toxic  crystals  in 
secretion  of  the  leaves.    The  treatment  coosista  in  cleansing  with  alcohol 
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or  ether,  and  the  application  of  Zinc  OintmeDt  (0.  H.  Foerstcr,  xqio;  Rost,  1914). 
Priraro^  dermatiLis  has  also  been  studied  by  Simpson,  igiy. 

Hypericum. — Ray,  igi4,  stated  that  cattle  feeding  on  a  Tunisian  species  (H.  cris* 
pum)  develop  dermatitis  of  non -pigmented  portions  of  the  skin,  ancf  inflammation 
of  the  mucous  membranes  exposed  to  light.  The  phenomena  are  due  to  a  fluorescent 
substance.  Rogers.  1914,  claims  analogous  eflects  fur  the  common  St.  John's  wort, 
H>'per!cum  perforatum.  Similar  symptoms  are  also  said  to  be  sometimes  produced  by 
bucK  wheat. 

The  action  of  Jiuoresccnt  dyes  on  plants  is  discussed  by  Gicklbom,  1914. 


PHYSICAL  COUNTERIRRITANTS 


J 


Irritation  of  the  skin  is  easily  produced  by  physical  agencies,  which  are  often  pre- 
ferred to  the  chemical  irritants.  The  effects  and  indications  arc  similar.  They  can 
only  be  enumerated  here:  heai  and  cold,  in  the  form  of  app  ications,  baths,  heated  air. 
or  cautery.  Friction^  generally  combined  with  massage.  Electricity,  radiotherapy  ana 
phototherapy. 

Antiquated  are:  Acupuncture  (pushing  needles  through  the  skin  to  the  underlying 
organs,  said  to  be  popular  with  the  Chinese);  scart^Hcation  (small  incisions  with  knife 
or  needle);  srUms  f;i  string  carried  through  a  fold  of  skin  and  left  to  suppurate). 

Venesectiaa,  cupping  and  leeches  also  act  by  altering  the  distribution  of  the  blood. 


DRUGS  EMPLOYED  FOR  THEIR  LOCAL  EFFECTS  ON  THE 

ALIMENTARY  CANAL 
STOMACHICS 

Bitter,  aromatic  and  *'  sharp  "  drugs  have  been  used  since  ancient  times' 
as  "tonics,"  and  in  functional  dyspepsias.  They  were  supposed  to  in- 
crease the  appetite  and  improve  digestion,  and  thus  favor  nutrition. 

Classificatioa. — Simple  bitters  generally  contain  some  "bitter  principle" 
— neutral  substances,  often  crystalline,  non-nitrogenous,  sometimes  glu- 
cosidal,  and  without  pronounced  systemic  actions.  In  aromatic  bitters 
these  are  mixed  with  volatile  oils.  The  astringent  bitters  contain  tannin. 
Condiments,  which  also  contain  aromatic  oils  or  other  sharp  principles, 
form  the  transition  to  carminatives.  These  are  employed  to  secure  the 
expulsion  of  gas  from  the  alimentary  canal. 

EflSciency  in  Health  and  Disease. — Aljout  a  tenth  of  the  medicin 
mentioned  by  Hippocrates  belong  to  this  class,  and  they  have  alwa 
played  a  prominent  rflle  in  folk  medicine. 

Modern  scicntiRc  investigations  (Moorhead,  1915)  have  confirmed  that 
the  bitters  may  improve  deficient  appetite,  and  the  flow  and  qualit 
(acidity)   of  the  gastric  juice,  in  conditions  of  poor  health   (anemia] 
although    they    have   no   effect   on    normal   individuals    (Carlson    a 
co-workers,  1914  and  1915). 

Baslcdo,  1930,  states  that  hitters  increase  the  appetite  in  achy 
gastrica,  although  Ihey  have  no  effect  on  the  secretion.  He  conside 
them  especially  valuable  in  convalescence  after  acute  illness. 

The  aromatics  and  condiments  probably  act  by  mild  direct  irritati 
of  the  gastric  mucosa,  the  beneficial  effects  being  due  to  the  hypere 
and  motor  stimulation. 

Effect  in  Experimental  Cachexia. — In  dogs  provided  with  a  Pawlow  gastric  pou( 
and  rendered  cachectic  by  repeated  large  hemorrhages,  Moorhead,  1915,  found  that  tb« 
administration  of  bitters  improved  the  appetite  and  the  gastric  deficiency,  although  not 
quite  to  normal.  Tbe  animals  consumed  more  food  and  the  gastric  juice  became  : 
abundant  and  more  acid.     The  increase  of  appetite  occurred  whether  the  bitters 
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pvtn  by  mouth  or  hy  stomach;  the  increase  of  secretion  was  confined  to  oral  use.  The 
improvement  occurred  wilh  xhti  first  administration  so  that  it  vms  not  due  to  the  establiAh* 
Bent  of  a  habit.     Possibly  the  bitter  taste  enhances  the  taste  of  food,  by  contrast. 

Eiperiiuents  on  Normal  Individuals. — Carlson  and  co-workers,  1914  and  1915,  could 
fod  DO  beneficial  effects  in  normal  men  or  dogs.  Therapeutic  doses  of  bitters,  however 
givtn,  have  no  immediate  or  delayed  effect  on  gastnc  secretion.  When  taken  by 
nouih  (or  Urge  doses  introduced  directly  into  the  stomach)  they  inhibit  the  norm^ 
kunger  contractioas  and  the  sensations  of  hunger,  just  as  do  other  irritant  or  disagree- 
tblt  substances. 

Gtstric  Secretion. — Carlson,  1975,  tested  the  ejects  on  a  man  with  gastric  fistula, 
tad  on  dogs  with  Puwiow  miniature  stomachs.  The  bitters  were  placed  m  the  mouth. 
«  directly  in  the  stomach,  before,  with,  or  without  food,  etc.  However  the 
eiperimencs  were  varied,  the  results  were  uniformly  negative.  This  disposes  of  the 
ritberconlrud  ctory  results  of  older  investigators  as  to  direct  .secretion  (Buchheim  and 
mpils,  1849;  Reichmann,  1888;  Korczynski,  it^i;  Hoppe,  igos)  and  "psychic  juice" 
(Borisoff,  1904;  Bonann',  1905;  Strashcko,  igos). 

The  introduction  of  irritant  substances  into  the  mouth  also  fails  to  provoke  gastric 
Kcretion  in  man  (Carlson,  i9»5). 

Abaence  of  "Taste"  in  the  Stomach. — Albertoni  and  TuUio,  iqi  2,  found  on  a  human 
wbject  that  the  direct  introduction,  through  a  gastric  fistula,  of  bitter  or  sweet  sub- 
ituicesor  bouillon,  produced  only  the  same  immediate  sensation  as  saline;  but  bouillon, 
bmd  or  alcohol  provoked  speedier  secretion  of  acid  and,  taken  with  food,  afforded  a 
aon  %ati5factor>'  sensation. 

Ittfinence  on  Pancreatic  Secretion. — The  presence  of  any  irritant  in  the  intestine 
stiinuktcs  the  flow  of  pancreatic  juice  (Gottlieb,  1894).  The  effect  of  bitters  is  some- 
what different:  They  have  no  efTect  on  the  pancreatic  or  bile  6ow;  the  intestinal  juice 
I!  first  diminished,  tlien  increased  (Reichmann,  1888;  Jodlbauer). 

Effect  on  Absorption. — Bitters  are  claimed  to  hasten  the  absorption  of  sugar  and 
jvptone  from  the  stomach  (Brandl,  1893),  but  seem  to  delay  it  somewhat  from  the 
uuatine  (Rieder,  1910). 

Sojourn  of  the  Food  in  the  Stomach. — According  to  Heubner,  this  is  shortened 
by  tooll,  delayed  by  large,  doses. 

W.  E,  Morse  found  that  tabasco  sauce  docs  not  modify  the  discharge  of  water  from 
the  stomach. 

Meet  on  Digestive  Ferments. — Most  of  the  bitters  have  no  effect  on  digestion  in 
tUro. 

AstUeptic  Action, — Bitters  and  aromatics  are  antiseptic,  and  may  therefore  influence 
tigatfam  favombly  by  limiting  putrefaction  and  abnormal  fermentation. 

LesooQTtosifi. — \  further  action  of  stomachics  (both  bitters  and  aromatics)  which 
^  be  concerned  in  their  therapeutic  action,  is  that  they  increasr  the  ieutocyies  of  the 
fcod.  (Hirt,  1856,  [Binz,  1875,  Pohl,  1888.)  The  theoiy  has  been  advanced  that 
thcK kaoocytcs  piay  a  r6le  in  intestinal  absorption  (Hofmeister,  1887.) 

Tberapeutic  Uses  of  Stomachics. — These  are  employed: 

J.  To  increase  appetite,  from  whatever  cause  this  be  deficient- 

L  To  improve  digestion  in  all  kinds  of  ''atonic"  dyspepsias,  wilh 

>tor  or  secrclon,'   deficiency.     They    tend    to    remove    the   anorexia, 

>ression,   constipation,    hypochondria,    etc.     In   subacute   or   chronic 

Itis,  the  astringent  bitters  may  be  more  useful,  otherwise  they  are 

w  objectionable.     Tannin    must    be    especially   avoided    when    the 

leris  to  be  prescribed  with  iron,  since  this  makes  an  unsightly  mixture. 

i-frec  aie  the  simple  bitters  and  the  majority  of  the  aromatic 

%  As  tonics  in  anemia,  convaiescencej  phthisis,  etc.,  to  hasten 
'WODsiructioo. 

^  As  antemetics. 

5-  To  modify  or  improve  the  taste  of  food  or  medicines;  also  to 
■•-  in'  a  '■l)ad  taste  in  the  mouth." 

Administration. — It  is  believed  that  stomachics  should  be  administered 
»ilhin  a  half  an  hour,  preferable  5  or  10  minutes,  before  meals.     They  are 

^<riiliy  more  pleasant,  and  therefore  more  effec-tive,  if  they  are  judi- 
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ciously  blended,  as  in  the  aromatic  and  compound  bitters  (Tr.  Gent 
Co.;  Tr.  Cardamomi  Co.).  Overdoses  produce  nausea  and  so  defeat 
object. 

Since  the  effects  of  bitters  depend  on  the  taste,  it  is  useless  to  admic 
them  in  the  form  of  pills  and  tablets,  although  this  is  often  done. 

SIMPLE  BITTERS 

These  are  practically  free  from  aromatic  oils  or  tannin,  and 
therefore  be  mixed  with  water.    The  tinctures  are  strongly  alcol 

Certain  pure  alkaloids,  such  as  Quinin  or  Strychnin,  may  be  us< 
simple  bitters. 

PREPARATIONS 

Berherist  B.P. — The  dried  stem  of  Berberis  aristata.  The  rhizome  and  roots 
aquifoUum  were  formerly  official  in  the  U.S. P.  The  pharmacology  has  been  st 
by  Hildebrandt,  1907. 

Tr.  Berber.,  B.P. — 10  per  cent.    DosCf  2  to  4  c.c,  ^  to  i  dram,  B.P. 

Calumba,  U.S.P.;  Calumbs  Radix,  B.P.;  Calumba  (Colombo).— The  dried  n 
Jateorhiza  palmata,  U.S.P.;  Jateorhyza  Columba,  B.P.  Resembles  gentian  bu 
be  mixed  with  iron.  Contains  several  alkaloids  (Calumbanin,  jateorhizin,  am 
matin),  related  to  berberin.  Biberfeld,  1909,  found  that  these  differ  only  quantita 
in  action,  paralyzing  the  central  nervous  system,  especially  the  respiratory  centei 
lowering  tne  blood  pressure  through  cardiac  and  vasomotor  depression.  Dose,  3 
30  gr.,  U.S.P. 

Inf.  Calumb.,  B.P. — 5  per  cent.     Dose,  15  to  30  c.c,    H  to  i  ounce,  B.P. 

Tr.  Columb.t  U.S.P — 20  per  cent,  in  60  per  cent,  alcohol.  Dose,  4  c.c.„  i  \ 
U.S.P. 

Tr.  Calumb.,  B.P. — 10  per  cent.    Dose,  2  to  4  c.c,  H  to  i  dram,  B.P. 

Ckirata,  B.P. — The  dried  plant  of  Swertia  Chirata. 

Inf.  Chirai.,  B.P. — 5  per  cent.    Dose,  15  to  30  c.c,  ^  to  i  ounce,  B.P. 

Tr.  Chirai,  B.P. — 10  per  cent.    Dose,  2  to  4  c.c,  H  to  i  dram,  B.P. 

Gentiana,  U.S.P.;  Gentiana  Radix^  B.P.;  Gentian. — The  dried  rhizome  and  ro 
Gentiana  lutea,  Switzerland.  One  of  the  most  useful  of  the  bitters;  mention* 
Pliny.  The  bitter  principles  are  the  crystalline  glucosid  gentiin,  and  the  amor] 
gentiamarin.  There  is  also  a  small  amount  of  tannin,  not  enough  to  be  astrii 
but  sufficient  to  be  incompatible  with  iron.     Dose,  i  Gm.,  15  gr.,  U.S.P. 

*  Extractum  GentiantE  (Ext.  Gent.),  U.S.P.,  B.P. — ^A  watery  pilular  extract, 
largely  as  pill  excipient.     Dose,  0.25  Gm.,  4  gr.,  U.S.P.;  0.12  to  0.5  Gm.,  2  to  8  gr. 

Inf.  Gent.  Co.,  B.P. — 1.25  per  cent.,  wiUi  Bitter  Orange  and  Lemon  peeb. 
15  to  30  c.c,  H  to  I  ounce,  B.P. 

•  Tinctura  Gentiana  Composita  (Tr.  Gent.  Co.),  U.S.P.,  B.P. — 10  per  cei 
Gentian,  with  Bitter  Orange  Peel  and  Cardamom,  in  45  per  cent,  alcohol.  Dose, . 
I  dram,  U.S.P.;  2  to  4  cc,  J^  to  i  dram,  B.P. 

Pareira. — The  root  of  Chondodendron  tomentosum.  Contains  bebeerin,  : 
beerin,  and  other  alkaloids  (studied  by  Faltis,  19x2;  Scholtz,  1913).  Comm 
^'Bebeerin  sulphate  cryst/'  is  isobebeerin.  It  is  isomeric  with  codein,  and  like 
has  narcotic  actions  (Scholtz  and  Koch,  I9i5)-     Dose  of  Pareira,  2  Gm.,  30  gr. 

Picrorkiza,  B.P. — The  rhizome  of  Picrorhiza  Kurroa.  Dose,  0.6  to  1.2  Gm.; 
20  gr.;  antiperiodic  dose,  3  to  4  Gm.,  45  to  60  gr.,  B.P. 

Ext.  Picrorh.  Liq.,  B.P. — Dose,  1  to  4  cc,  15  to  60  minims,  B.P. 

Tr.  Picrorh.y  B.P. — 25  per  cent.     Dose,  2  to  4  cc,  H  to  i  dram,  B.P. 

Quassia,  U.S.P.;  Quassia  Lignum,  B.P.;  Quassia. — The  wood  of  Picraena  e 
(also  of  Quassia  amara,  U.S.P.).    Dose,  0.5  Gm.,  8  gr.,  U.S.P. 

A  I  to  5  per  cent,  aqueous  infusion  is  used  by  enema  (to  }i  pint,  retained  ash 
possible)  against  oxyuris. 

Inf.  Quass.,  B.P. — i  per  cent.     Dose,  15  to  30  cc,  ^  to  i  ounce,  B.P. 

Tr.  Quass.,  U.S  P. — 20  per  cent.     Dose,  2  c.c,  30  minims,  U.S.P. 

Tr.  Quass.,  B.P. — 10  per  cent.     Dose,  2  to  4  c  c,  ^^  to  i  dram,  B.P. 

Taraxacum,  U.S.P.;  Tarax.  Rad.,  B.P.;  Taraxacum  (Dandelion). — The  dri» 
zome  and  roots  of  Taraxacum  officinale,  U.S.P.;  the  fresh  root,  B.P.  (Compos 
Power  and  Browning,  1912.)     Dose,  10  Gm.,  2^  drams,  U.S.P. 

Ext.  Tarax.,  U.S.P. — A  pilular  extract;  used  as  pill  excipient.  Dose,  i  Gm.,  i 
U.S.P. 
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Fldcsi.  Tarox.,  V,S.P.—Dpse,  10  c.c.  2^  drama,  U.S.P. 

Su£c.  Tarax.,  B.P. — The  juice,  preserved  with  15  per  cent,  of  alcohol.  Dose,  4  to 
_Bc.c^  I  to  7  drams,  B,P. 

Xanihoiytum^   U.S.P.   (Prickly   .\shi. — The  dried   bark   of   Xanthoxylum  ameri- 
ira  or  X.  Clava-Hcrculis.     Contains  berberin.     Dose,  2  Gm.,  .lo  gr.,  U.S.P. 
fWorf.  Xanikox.,  V.S.P.—Dose,  2  c.c  ,  30  minims,  U.S.P. 

ASTRINGENT  BITTERS 

With  these,  tannin  is  a  prominent  ingredient,  whilst  volatile  oils  are 
present  only  in  small  quantity,  if  at  all.  The  preparations  can  be  mixed 
with  water. 

PREPARATIONS 

I*  Tr.  Cinrhomr  Co.,  U.S.P.,  B.P..  sec  Index.) 
Cascatilta,  B.P. — The  dried  bark  of  Croion  Eluteria. 
/«/.  Cascariit,,  B.P. — 5  per  cent.     DoitCj  15  to  30  c.c.  H  to  '  ounce,  B.P. 
Tr.  CastariU  ,  B.P. — 20  per  cent.     Dose,  a  to  4  c.c,  Si  to  i  dram,  B.P. 
Cimicifufia,  U.S.P.  ( Black  Cohosh,  Black  Snakcroot;  Macrotys). — The  dried  rhizome 
tad  roots  of  Cimicifuga  raccmosa  (Constituents,  Finoemorc,   iqio),     Do^e    1    Gm., 

IigT..U.S.P. 

£1/  Cimicif.,  U.S.P. — A  powdered  extract,  i  Gm.  representing  4  Gm.  of  the  drug. 
/)iif,  0.J5  Gm.,  4  gr.,  U.S.P. 

Fldaa.  Ciminf.,  U.S.P.— Do-W,  i  c.c,  15  minims.  U.S.P. 

Cnruturango. — The  bark  of  Marsdeoia  Condurango.  Used  as  astringent  bitter 
K  in  gastric  uicer  and  carcinoma. 

-  .  ii.  Ctmdur — Dose,  1  to  1-5  c.c,  15  to  25  minims. 

y^^puria  (.Angostura  Bark).— The  bark  of  Cusparia  febrifuga.  Contains  alkaloids, 
•liicfly-aisparin  (Trocger  and  Mueller,  igisJ.     Dose,  0.6  to  j.s  Gm.,  10  to  40  gr. 

Stftcntxiria,  U.S.P.;  Serpent.  Rhiz.,  B.P.;  Serpentaria  ("Virginia  Snakerool). — The 
•Iricl  rnizome  and  roots  of  .Aristolothia  Serpentaria  or  reticulata.  Do^e,  t  Gm.,  15  gr., 
tU.P. 

Tf.  Strpmt.,  B.P. — 20  per  cent.    Dose,  2  to  4  c.c,  4  to  i  dram,  B.P. 


AROMATIC  BITTERS 

These  contain  Ixilh  aromatic  oils  and  bitter  principles,  but  no  tannin. 
Tbcir  alcoholic  preparations  can  not  be  mixed  with  water  without 
turbidity. 

PREPARATIONS 

(Aumntii  Amari^  Cortex,  see  Index.) 
^lUktmidu  Ftores,  B.P.  (English  or  Roman)  Chamomile  Flowers. — The  dried  6ower- 
"iof  Anthemis  nobilis- 

Of.  Anthem.,  B.P. — The  distilled  oil.     Dose.  0.03  to  0.18  c.c,  ^  to  \  minims.  B.P. 
Brtrf,  B.P.— The  dried  leaves  of  Piper  Betle. 
C^lsmus  (Swet'l  FlagV — The  rhizome  of  Acorus  Calamus. 

ti^ttUAriCf  U.S.P.  (German  Chamomile). —The  dried  flowcr-hcads  of  Matricaria 
t^lMiomilla.  Volatile  oil  and  bitter  principles.  Used  as  infusion,  internally  aft 
Omtcbic.  carminative,  and  diaphoretic;  externally  as  counterirritant  Dost^  15  Gm., 
4iinfm  US  P 

' — The  root  of  Panax  quinquefolium,  very  highly  valued  by  the 
ihis  series.     So  do  other  species  of  Panax  and  Aralia. 
Mimcruu-    "incr    bitlcrs   arc    used    in    domestic    medicine,    but   arc    not    worth 
■r^'tioning. 

CARMINATIVES 

This  class  comprises  certain  aromatic  oils  and  drugs  that  arc  used  in 
htulence  and  coHc,  to  expel  gas  from  the  stomach  and  intestines  and  to 
(fiminish  the  colic  pains.  They  have  a  ''warm"  or  pungent  taste  and 
owl  a  mild  irritant  action  on  the  digestive  tract.  The  mechanism  of 
Oifir  action  in  colic  is  not  clear;  it  may  involve  motor  stimulation,  sensory 
w^cscs.  and  antiseptic  action. 
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They  are  often  added  to  irritant  cathartics,  for  the  purpose 
of  diminishing  "griping." 

The  most  useful  carminatives  are  the  mints,  fennel  and  anise;  ginger; 
and  capsicimi. 

PREPARATIONS — CARMINATIVES 

Meniha  Piperiiat  U.S.P.;  Peppermint. — The  dried  leaves  and  flowering  tops  d 
Mentha  piperita.    Dose,  4  Gm.,  60  gr.,  U.S.P. 

(*  Aq.  MerUh.  Pip.,  see  Index.) 

Oi.  MerUh.  Pip.,  U.S.P.,  B.P.— The  distilled  oil,  containing  at  least  50  per  cent,  ol 
menthol.  Coloriess  liquid,  characteristic  odor,  pungent  aromatic  taste.  Dose,  o.a 
c.c,  3  minims,  U.S.P.;  0.03  to  0.18  c.c,  H  to  3  minims,  B.P. 

*  Spiritus  Meniha  Piperitte  (Sp.  Menth.  Pip.)^  U.S.P.,  B.P.;  Spirit  (Essence)  ol 
Peppermint. — 10  per  cent,  of  the  Oil;  the  U.S.P.  is  tinged  green  by  maceration  witl 
Peppermint.  Dose,  2  c.c,  30  minims,  U.S.P.;  0.3  to  1.3  c.c,  5  to  20  minims,  B.P. 
in  water. 

MeiUha  Viridis,  U.S.P.:  Spearmint. — The  dried  leaves  and  the  flowering  tops  ol 
Mentha  spicata.    Dose,  4  Gm.,  60  gr.,  U.S.P. 

{Aq.  Menth.  Vir.,  see  Index.) 

01.  Menth.  Vir.  U.S.?.,  B.P.— The  distilled  oil,  containing  at  least  40  per  cent,  oj 
carvone.    Dose,  0.2  c.c,  3  minims,  U.S.P.;  0.03  to  0.18  c.c,  >^  to  3  minims,  B.P. 

Sp,  Menth.  Vir.,  U.S.P. — xo  per  cent,  of  oil,  colored  by  maceration  with  spearmini 
herb.     Dose,  2  c.c,  30  minims,  U.S.P.jdiluted. 

Zingiber,  U.S.P.;  B.P.;  Ginger.— The  dried  rhizome  of  Zingiber  officinale.  Thi 
chief  active  ingredient  is  a  volatile  oil. 

It  also  contains  capsicain  (Nelson,  1920).  Dose,  i  Gm.,  15  gr.,  U.S.P.,  as  powder  01 
in  water. 

Similar  to  Ginger  are  :  Galanga,  Zedoaria,  and  Asorum. 

Fidext.  Zingib.,  U.S.P. — Strong  alcohol.     Dose,  i  c.c,  15  minims,  U.S.P. 

Oleores.  Zingib.,  U.S.P. — An  evaporated  ethereal  extract.  Dose^  0.03  Gm.,  }4  gr. 
U.S.P. 

Syr.  Zinpb.,  U.S.P.,  B.P.— 3  per  cent.,  U.S.P.;  2.5  per  cent.,  B.P.  Dose,  15  cc 
4  drams,  U.S.P.;  2  to  4  cc,  3^  to  i  dram,  B.P. 

*  Tincture  Zingiberis  (Tr.  Zingib.),  U.S.P.,  Tincture  of  Ginger. — 20  per  cent,  ii 
alcohol.     Dose,  2  c.c,  30  minims,  U.S.P. 

*  Tf.  Zingib. — B.P.;  10  per  cent.    Dose,  2  to  4  c.c,  H  to  i  dram.,  B.P. 

VEGETABLE  CATHARTICS 

Manner  of  Action. — Cathartics  or  evacuants  are  drugs  which  xnduo 
defecation.  They  may  do  so  by  simply  increasing  the  bulk  of  the  intesti- 
nal  contents  (petrolatum,  agar,  etc.);  or  by  preventing  the  absorption  o: 
water  (salines);  or  by  irritating  the  smsdl  or  large  intestine,  as  mos' 
of  the  vegetable  cathartics.  The  cathartics  differ  from  other  irritant 
in  that  their  irritation  is  relatively  mild  and  is  confined  more  specifical^ 
to  the  intestines.  This  may  be  explained  by  selective  action,  or  mon 
simply  by  the  alkaline  reaction  or  bile  of  the  intestines  favoring  their  solu 
tion  or  decomposition.  This  solution  must  not  be  too  rapid  or  the  drug 
will  be  largely  absorbed  or  decomposed  before  reaching  the  lower  intestine 
The  isolated  principles  are  therefore  less  useful,  and  sometimes  les 
effective  than  the  galenic  preparations  in  which  they  are  masked  & 
compounds  or  by  the  extractives,  gums,  etc.,  of  the  drug. 

Liberation  and  Solution  of  the  Cathartic  Constituents. — Castor  oil  and  croton  oi 
become  active  only  when  their  fatty  acids  are  liberated;  croton  oil  contains  some  fre 
acid  and  is,  therefore,  pustulant  also  on  the  skin.  The  emodin  cathartics  often  contau 
glucosidal  compounds,  which  must  be  split  before  the  action  occurs.  The  group  0 
"resins"  are  insoluble  in  water,  but  are  decomposed  and  dissolved  by  alkalies  and  oik 

Influence  of  the  Bile  on  Cathartics. — The  bile  seems  to  be  necessary  for  the  activa 
tion  of  many  of  the  resinous  cathartics,  the  following  being  relatively  or  (j|uite  ineffectivi 
in  its  absence:  gamboge,  podophyllum,  convolvulin,  jalap,  and  scammonium  (Buchhcis 
and  Stadelmann).    The  oile  acts  presumably  by  increasing  the  solubility.     Rhubarti 
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id  calomel  are  active  in  the  absence  of  bile  (Valcri,  1910).     Aloe  seems  to  act 
Ite  well  without  bile  in  animal  experiments;  but  clinically  it  has  been  claimed  that 
:fe  ineffective  in  biliary  obstruction. 
EfficicQCy  on  Hypodennic  AdminlstratioiL — The  anthracene  and  resinous  cathartics 
increase  pcristaUis  if  they  arc  injected  subcuiancotisiy  or  intravenously;  the  resin- 
ip  is  even  more  active  by  this  channel.     The  action,  however,  is  even  then  a  local 
i,  the  constituents  being  excreted  into  the  intestine.    The  cathartics  are  not  admin- 
ired  in  this  manner,  in  practice,  since  the  injection  would  be  painfully  irritant;  the 
:t5  are  also  more  easily  conlnilled  when  the  drugs  are  given  by  mouth. 
Absence  of  Toxk  Effects. — Only  very  excessive  doses  of  the  drastic  cathartics 
luce  serious  cffeitls  through  gastroenteritis.     A  relatively  mild  irritation  suffices  for 
ivc  catharsis.     None  of  the  vegetable  cathartics  are  at  all  corrosive;  and  even  toxic 
cause  necrotic  changes  only  as  the  result  of  excessive  inflammation.    The  irrita- 
_  ^  is  con6ned  to  the  intestinal  tract;  the  stronger  cathartics  escaping  absorption, 
wbUt  the  milder  laxatives  would  scarcdy  be  irritant  even  if  absorbea.    There  is  con- 
sequently no  danger  of  nephritis. 

Location  of  Action, — Thb  is  of  practical  as  well  as  scientific  interest, 
because  it  often  determines  the  choice  of  the  cathartic.  The  older  inves- 
tigations have  only  a  limited  value,  because  they  generally  involve  opera- 
tive procedures  which  are  apt  to  render  the  intestinal  movements  abnormal 
or  to  arrest  ihem  altogether.  Cannon*s  method  of  observing  these  move- 
ments in  intact  animals  by  means  of  the  Roentgen-rays  has  opened  the 
way  for  more  reliable  observations.  This  method  has  been  applied  to 
pharmacologic  problems  especially  by  Magnus,  1909  and  by  his  pupils. 
Their  results  have  been  confirmed  in  man  (/.t.  Meyers-Betz  and  Gebhardt, 
1911).  They  have  shown  in  this  way  that  Senna  acts  mainly  on  the  large 
intestine,  increasing  the  defecation-reflex.  Castor  oil  stimulates  peris- 
talsis in  the  small  intestine.  Colocynth  stimulates  the  movements  of  the 
small  intestine  and  leads  to  intestinal  effusion.  Magnesium  sulphate 
t]uicken.s  the  passage  through  the  small  intestine,  and  prevents  the  absorp- 
tion of  fluid  and  the  concentration  of  the  contents  of  the  large  intestine. 
Calomel  increases  peristalsis  both  in  the  small  and  large  intestine. 

The  Nonnal  Course  of  Qie  Food  through  the  Alimentary  Canal. — The  following 

fion  (Magnus)  applies  specifically  to  cats  fed  with  25  c.c.  of  potato  mash,  mixed 

(im.  of  hismutn  subnitrate  (to  render  it  opaque  to  the  Roentgen-rays)  and 

•1  with  the  fluoroscope.    The  phenomena  are  similar  with  other  food  and  in 

^rtimnls,  including  man  (Cannon,  igii). 

Pauage  through  the  Stomach. — Immediately  after  feeding,  the  stomach  is  entirely 

Bfied,  with  the  fundus  dilated  and  resting.     In  the  pyloric  anirura,  rcRular  powerful 

twi<iii!Hc  waves  are  observed,  sweeping  the  content?  against  the  pyloric  sphincter. 

I  rter  of  an  hour,  the  food  begins  to  be  expelled  into  the  duodenum,  small  portions 

lie,  the  expulsion  being  completed  in  two  or  three  hours;  meats  and  especially' 

Uu«rc  disrhargcd  more  slowly. 

Plunge  through  the  Small  Intestine. — This  exhibits  three  motor  processes:  (i) 

IV  pendulum  movements,  which  produce  an  alternating  "rythmic    segmentation" 

*i  the  contents;  kneading  and  mixing  the  chyme,  and  exposing  it  to  a  large  absorbing 

""<">-      (2}  True  peristaltic  waves,  appearing  from  time  to  time,  and  propelling  the 

ontents  of  the  loop  slowly  for  a  few  centimeters  in  ii  descending  direction.     (3) 

-iTic  "rush,"  sudden  waves  of  contraction  sweeping  the  contents  swiftly  through 

,'raents.    This  is  seen  especially  under  pathologic  conditions,  such  as  poisoning. 

f^  the  passage  of  food  into  the  cecum  oegins  in  two  and  one-half  to  three  hours 

!'*tcd  in  seven  to  eight  hours  after  the  feeding.     The  passage  is  hastened 

lolayed  by  fats,  and  especially  by  meats  (some  two  hours).     In  man  the 

ranee  in  the  colon  is  four  to  six  hours.     The  chyme  as  it  reaches  the 


coloo 


Jid, 


PlMiiiE^c  uiivui^  the  Large  Intestine.— The  colon  is  divided  functionally  into  two 
(onions.  The  proximal  portion  effects  tHe  concentration  of  the  chyme  by  a  churning 
P'*'ce»;  groups  of  powerful  ascending  (antijieristaltic)  waves  sweeping  the  contents 
>CkiBil  tiw  ileo-cecal  valve.  Extensive  absorption  of  fluid  occurs  during  this  process, 
JtA  m  the  conicnta  becomes  solidified,  fragments  are  separated  from  the  lower  portion 
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by  annular  contractions  of  the  intestinal  muscle.  These  masses  then  wander  ver^' 
slowly  to\\*ar(l  the  rectum.  The  passage  through  the  large  intestine  occupies  about  the 
same  time  as  that  of  the  small  intestine,  in  man  about  six  hours. 

Defecation  Reflex. — This  is  started  by  the  arrival  of  the  mass  in  the  rectum.  It  is 
greatly  inlluenceil.  however,  by  the  sensitiveness  of  the  rectum  and  by  the  habits  of  the 
patient.     It  is  here  that  the  delay  in  constipation  mainly  occurs. 

Total  Time  for  the  Passage  of  Food. — In  man  the  journey  from  the  mouth  to  the 
rectum  is  made  in  about  nine  hours;  the  further  delay  in  tlie  rectum  depends  on  the 
habits  of  the  individual. 

Cathartics  on  Excised  Intestines. — The  effects  are  not  related  to  those  produced  in 
life.  For  instance,  the  addition  of  aloin  to  the  bath  is  inactive;  cascara  and  castor-oil 
inhibit  the  contractions;  saponified  croton-oil  stimulates  (Meissner,  1916). 

Alvarez  and  Taylor,  igi?,  obtained  more  positive  results  by  giving  cathartics  of  all 
the  groups  to  living  rabbits,  then  excising  the  intestines.  The  segments  showed  irregu- 
lar irritability;  they  contracted  poorly  and  fatigued  quickly.  They  employed  vc 
large  doses,  and  the  significance  of  their  results  is  therefore  doubtful. 

Coniroition  of  Intestine  al  Di^trcnt  Levels. — These  exhibit  some  peculiarities  u\lvare 
1918). 
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Peculiarities  of  the  Cathartics.— These  are  largely  explained  by  l 

mechanism,  the  location  and  the  severity  of  the  action. 

Time  of  Action. — A  cathartic  which  acts  on  the  large  intestine  can  not 
produce  any  effect  until  it  reaches  this  place.  Even  then  the  response 
will  depend  on  the  habits  of  the  patient.  These  become  less  important 
with  the  more  irritant  cathartics.  The  usual  time  of  response,  for  the 
more  imporlani  cathartics,  is  as  follows: 

Salines,  one-half  lo  one  hour  on  empty  stomach;  two  to  four  hours  if  in 
bed. 

Castor  oil,  one  to  two  hours  on  empty  stomach. 

Jalap,  three  hours  or  less. 

Senna,  four  to  five  hours. 

Rhubarb  or  Phcnolphthalein,  four  to  eight  hours. 

Cascara  or  Aloes,  eight  to  twelve  hours. 

Podophyllum,  ten  to  sixteen  hours. 

Colic  and  ^'Griping"  is  proportional  to  the  severity  of  the  irritation 
It  is  due  partly  to  increased  peristalsis,  partly  to  direct  irritation, 
evidenced  by  abdominal  tenderness.     It  may  be  mitigated  by  belladoni 
and  carminatives. 

Consistency  of  the  Stools  and  Elimination  of  Fluid. — The  consislem 
varies  from  the  soft  but  formc<i  stools  of  the  milder  laxatives,  to  the  waiei 
stools  of  the  "hydragogue"  cathartics,  the  salines  and  drastics.  The  moi 
rapid  passage  of  the  intestinal  contents  leaves  less  time  for  the  absorpiioi 
of  fluid,  so  that  the  stools  always  contain  more  water.  Some  of  th( 
cathartics  also  prevent  the  absorption  of  fluid  by  osmosis  (salines);  or  bj 
imbibition  (agar);  and  some  perhaps  by  inhibiting  the  absorbing  power 
the  epithelium  (castor  oil,  calomel).  The  fluid  in  these  cases  com* 
really  from  the  food  rather  than  from  the  body.  Even  large  doses  of  ll 
anthracen  cathartics  (senna,  cascara.  etc.)  do  not  increase  the  secretion 
intestinal  fluid  (Thiry,  Bricgcr,  Flemming).  On  the  other  hand,  ll 
irritant  cathartics  (colocynth,  jalap,  etc.)  actually  produce  etTusion  int< 
the  small  intestine.  The  practical  results,  as  concerns  the  water  supply 
of  the  tissues,  is  the  same  in  either  case;  whether  these  are  deprived  of^ 
fluid  by  effusion  or  by  non-absorption. 

Effects  on  the  Local  Ciradaiion. — All  catharsis  must  be  accompanif 
by  some  hyperemia,  were  it  only  by  the  increased  intestinal  movement 
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The  irritant  cathartics  produce  a  more  violent  intestinal  congestion,  which 
extends  also  to  the  pelvic  organs,  and  thus  increases  the  menstrual  flow, 
Tkr  SysUmic  Ciradalion.  -This  is  affected  indirectly  by  the  splanch- 
nic dilation;  and  by  the  withdrawal  of  fluid  from  the  blood.  Both  factors 
tend  lo  lower  the  blood  pressure  moderately.  The  heart  rale  is  slowed 
reflexly. 

C.  H.  Neilson  and  Hyland,  191  j,  made  a  clinical  study  of  these  effects  after  full  doses 
of  salts  and  compound  jalap  powder.  The  latter  gave  somewhat  greater  results. 
The  average  decrease  of  the  systolic  pressure  was  17  per  cent.;  of  the  diastolic  pressure, 
fi  percent.;  of  the  pulse  pressure,  24  per  cent.;  of  the  heart  rate,  14  per  cent.  The 
conditions  generally  returne<l  to  almo&t  normal  within  a  day.  Individual  cases,  es- 
periallv  of  arteriosclerosis,  gave  much  greater  falls  (from  180  to  100  mm.)i  sometimes 
vith  the  appearance  of  arythmias  and  increased  heart  rate. 

Influence  on  Dropsies. — Cathartics  favor  the  absorption  of  dropsies 
by  carrying  off  liquid  from  the  body;  in  ascites,  the  emptying  of  the  intes- 
tines also  removes  some  of  the  pressure  from  the  veins,  and  thus  tends 
to  the  removal  of  the  edema  by  Improving  the  general  circulation  and 
the  urine  flow. 

Elimination  of  Waste  Products. — Cathartics  are  employed  in  neph- 
rilis  to  relieve  the  kidneys  of  a  part  of  their  work,  by  eliminating  fluid, 
and  presumably  some  of  the  metabolic  products,  through  the  stools. 

Vric  Acid. — -Abl,  1913,  claimed  that  cathartics  increase  the  elimination  of  endogcn- 
ott^anc  acid.  Stehie,  1015,  found  no  change  with  laxatives,  but  only  with  drugs  that 
itiraulate  (he  digestive  glands. 

Effects  of  Cathartics  on  Bile ;  Cholagogues. — The  stools,  with  moderate 
titharsis.  have  usually  a  darker  color,  suggesting  an  increased  bile  content. 
ThL^  is  not  due  to  increased  secretion  of  bile,  as  was  supposed  by  the  older 
therapeutists;  but  to  the  more  rapid  passage  of  the  intestines,  leaving  less 
'imc  for  the  reabsorption  and  decomposition  of  the  bile.  The  dark  color 
"i  calomel  stools  is  due  partly  10  mercurous  sulphid.  The  only  really 
effective  stimulant  of  bile  formation  is  the  administration  of  bile  or  bile 
•alls;  salicylates  (5  Gm.  per  day)  and  olive  oil  are  perhaps  also  very  slightly 
effective. 

Experimental  Investigations  of  Cholagogues. — The  older  experiments  on  animals 
»ttb  biliary  nslulas.  gave  contradictory  rcbults,  because  they  did  not  extend  over 
■ifidcnl  time  to  discount  the  natural  variations  in  bile  flow.  Reliable  experiments  on 
•  hnnift  patient  were  made  by  Pfaffand  Bakh,  1807;  Van  Hen^el,  1913;  and  Ignatowski 
•A'  ''  in.  1914.     The  last  named  found  the  bile  secretion  increased  by  feeding 

t  .  and  espjcciatly  fat.     S*xlium  salicylate  was  less  effective   and  bile-acids 

^  .irj/.a..trg.  tgii,  experimented  in  Pawlow's  laboratory  with  dogs  provided 
Hh  gastric  and  biliary  fistulas.  He  found  the  order  of  efficiency  to  be:  bile  >9oap  > 
ilViniftv  > hydrochloric  acid  > olive  oil.  No  effect  was  obtained  with  glycerin,  egg 
saccharose,  dextrose,  water,  normal  saline  or  sodium  carbonate.  Okada, 
nil  marked  increase  with  salicylate,  chloral,  salol,  pwtas.  bitart.,  bile  salts, 
.'e  doses  of  alcohol.  .\  slight  diminution  was  caused  by  atropin;  no 
-L'l  or  sod.  bicarb.  Food  increased  the  secretion,  but  the  nature  of  the  diet 
jcncrally  unimportant;  fats,  egg  white,  albumuse  and  meat  extracts  produced 
"■Bhttrnwc;  Slarcn  and  sugar  were  indifferent.  V'olborth,  IQ15,  reports  diminished 
^■lof  the  gallbladder  after  milk  or  oil.  increased  fillinR  after  acid  or  bile. 
IKjwns,  A.  W-  and  Kddy,  ipio,  and  Downs,  ig20,  report  increased  secretion  of  bile 
of  epincphrin,  secretin  and  various  gland  substances  (not  after  thyroid). 
of  Gitil-bUidder. — Klee  and  Knuepfel,  1014.  found  that  this  is  stimulated, 
»v  eating,  entrance  of  the  chyme  into  the  intestine,  injection  of  Witte's 
rspecially  by  the  administration  of  olive  oil.  No  effect  was  produced  by 
rochloric  acid.     Weinberg.  191 1,  also  observed  this  effect  of  oil. 
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Auionamic  Drues  on  Gall-hladder. — Lieb  and  McWborter,  xoi5.  found  that  _ 
muscles  of  the  gall-bladder  receive  augmcntor  impulses  from  the  parasympathetic 
inhibitory  from  the  sympathetic.  The  autonomic  drugs  act  correspondingly;  PQo 
carpin,  barium  and  strophanLhin  stimulate;  atropin,  cpinephrin.  nitrites  and  bile  saltj 
relax.  The  rhythmic  movements  are  increased  during  digestion;  or  by  the  tntroductioi 
of  acid  into  the  duodenum  (Okada,  191 5). 

Sphincter  of  Biliary  Papilla — Reach.  iQM.  states  that  the  tone  of  this  is  incre 
and  the  bile  now  correspondingly  hindered,  by  morphin,  cpinephrin,  pilocarpin 
atropin. 

Therapeutic  Indications. — Cathartics  are  used  chiefly  for  the  follow! 
indications: 

To   relieve   constipation — cascara»   rhubarb,   phenolphthalein. 
doses  of  salts. 

To  soften  the  stools,  in  hemorrhoidal  and  other  rectal  diseases;  and 
prevent  straining  i*i  aneurism,  hernia,  and  apoplexy — petrolatum,  cascai 
podophyllum,  sulphur. 

To  cleanse  the  inlestmes  in  digestive  distin-bances,  diarrheas  and  otll 
intestinal  putrefactions — calomel,  castor  oil,  rhubarb,  cascara,  aloes. 

To  facilitate  the  absorption  of  dropsies;  to  relieve  the  kidneys 
nephritis;  to  lower  the  temperature  in  fevers;  to  relieve  internal  congi 
tions,  especially  of  the  brain — calomel,  large  doses  of  salines,  compom 
jalap  powder;  in  emergencies,  croton  oil  or  elaterin. 

Cathartics  are  perhaps  the  most  ancient  method  of  internal  medication,  and  wi 
for  a  long  time  practically  the  only  method.  The  Greeks  used  the  same  wa 
^opMOjcui'.  both  for  internal  medication  in  general  and  for  the  use  of  cathartics 
particular.     The  present  English  word  physic  is  similarly  applied. 

Contraindications. — All   inflammatory  conditions  of   the  abdomid 
organs  (peritonitis,  gastroenteritis,  etc.)  contraindicate  the  administratil 
of  intestinal  irritants.     Pregnancy  and  menstruation  are  contraindicatio! 
to  the  use  of  the  stronger  cathartics,  since  the  hvperemia  may  lead 
abortion  or   excessive   menstrual   flow.     General   debility,  tendency 
collapse,  threatened  intestinal  hemorrhage,  and  toxic  spasm  of  the  in 
tine,  are   further  contraindications.     Cathartics  should  not  be  used 
intestinal  obstruction  or  intussusception. 

Habitual  Constipation. —  In  this  condition  ("chronic  intestinal  stasis  *T, 
cathartics  should  be  used  as  little  as  possible;  the  condition  being  treated 
most  efi"eciively  by  the  removal  of  the  cause  and  the  cultivation  of  pro 
hygienic  and  dietetic  habits;  aided  by  the  mechanical  laxatives,  petr 
turn,  agar  or  enemas.  Small  doses  of  salts,  cascara  or  similar  apcrie 
may  be  needed.    The  irritant  cathartics  should  be  avoided. 

In  using  cathartics  against  habitual  constipation,  one  should  always  €mploy\ 
miidest  rttnedy  which  will  accomplish  the  result.  One  reason  for  this  is  that  soft. 
liquid,  stools  are  desired;  but,  further,  a  "habit"  is  quite  readily  acquired  so  that 
intestines  will  require  stronger  and  stronger  stimuli,  and  the  usual  cathartics  gradual 
lose  their  efficiency.  If  the  treatment  has  been  begun  with  mild  measures,  slroiigr 
ones  arc  left  for  later  use  if  necessary.  The  habitual  use  of  vcr>'  irritant  catharl 
is  also  apt  to  engender  chronic  enteritis. 

Therapeutic  Classification. — The  cathartics  may  be  classified  accoi 
ing  to  their  clinical  characters,  i.e.,  mainly  by  the  degree  of  their  efTe( 
This  can  not  be  done  rigidly,  because  the  effect  varies  with  the    dose 
moreover,  the  names  are  defined  somewhat  differently  by  individufl 
authors. 

The  following  table  gives  a  useful  clinical  classification.    Tfa 
important  agents  are  in  italics. 
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1.  Laxatives  or  Aperients. — Increase  peristalsis  only  moderately,  pro- 
ducing somewhat  more  frequent  stools,  of  almost  normal  consistency, 
and  this  without  causing  notable  irritation.  They  are  active  in  doses  of 
10  Gm.  or  over. 

FfuUs,  Manna,  Agar,  etc.:  mechanical  means  (massage,  enemas,  etc.); 
Sulphur,  Magnesia,  Carminatives.  Bile,  Bland  Oils  {Olive,  Cottonseed, 
Uguui  Petrolatum,  etc.). 

(Small  doses  of  Cascara,  Senna,  Castor  Oil,  Rhubarb,  and  Ipecac  are 
also  laxative.) 

3.  PurgatiTes. — Increase  peristalsis  actively,  causing  more  frequent 
■oft  or  semifluid  stools. 

(A)  Simple  Purgatives. — Active  in  doses  of  0.2  to  1  Gm.  Full  doses 
may  cause  more  or  less  colic  and  irritation: 

Aloes,  Rhubarb,  Senna,  CascarOy  Phenolphiholein^  Castor  Oil,  Calomel^ 
small  doses  of  drastics. 

[B)  Saline  Purgatives. — Active  in  doses  of  about  10  Gm,  Rather 
profuse,  watery  stools,  with  practically  no  irritation  or  griping: 

Sulphate  of  Magnesium  or  Sodium,  Sodium  Phosphate,  Magnesium 
Citrate,  Potassium  Bitartrate,  Rochelle  Salt,  etc. 

3.  Drastics. — Produce  watery  stools,  with  much  irritation.  Large 
do6cs  are  apt  to  set  up  an  enteritis: 

Elaterium.  Colocynth,  Jalap,  Scammoriy,  Gamboge,  Podophyllum^ 
Croton  Oil,  the  stronger  Mercurials,  and  Antimony  Sulphid. 

4.  Hydragogues. — All  which  produce  watery  stools,  i.e.,  the  salines 
&Qd  drastics. 

5.  Cholagogues. — Were  supposed  to  increase  the  bile  flow: 
Aloes^  Rhubarb,  Mercurials,  Podophyllum,  Euonymin,  Sod.  Salicylate 
Phosphate,  Acid.  Nitrohydrochlor.  Uilut.,  Bile. 
Pharmacologic  Classiflcation. — The  cathartics  may  also  be  divided 

the  following  groups: 

t.  Those  which  act  mainly  on  the  colon  and  rectum,  inhibiting  colon 

Itiperistalsis.  and  provoking  the  defecation  reflex.     This  includes  the 

ig.s  containing  emodin   and   other  anthraquinon   derivatives:  Senna, 

tecara,  Rhubarb,  Aloes,  and  perhaps  also  Phenolphthaiein  and  Bile. 

2.  Those  which  stimulate  the  peristalsis  of  the  small  intestine  and 
libit  the  aniiperistalsis  of  the  colon,  but  without  producing  much 
itation  or  e/Tusion.    This  includes  Castor  Oil  and  probably  Calomel 

Sulphur. 

3.  Those  which,  in  addition  to  these  actions,  cause  marked  intestinal 
fusion  and  irritation.    This  comprises  Colocynth.  Jalap,  and  presumably 

other  flraslic  resinous  cathartics,  Podophyllum,  Elaterin,  Gamboge, 
Hon  Oil,  etc. 
4-  The  saline  cathartics,  which  retain  water  by  osmosis. 

5.  The  colloid  cathartics,  which  retain  water  by  imbibition:  Agar^ 
uts.  Manna,  etc. 

6.  Emollient  cathartics,  such  as  Petrolatum  or  Olive  Oil. 

7.  Enemas  and  similar  local  measures. 

THE   ANTHRAQUINON   OR   EMODIN   CATHARTICS 

Active  Constitutents. — Senna,  Rhubarb.  Cascara,  Aloes  and  related 
igs  contain  glucosidal  compounds  which  are  themselves  inactive.     In 
tW  alkaline  intestine  they  are  hydrolyzed  or  oxidized,  yielding  various 
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oxymethyl-anthraquinons  (Buchheim;  Tschirch  and  pupils,  1899),  which 
produce  the  cathartic  action.  The  pure  substances  would  be  too  irritant, 
but  their  action  is  graded  by  their  slow  liberation,  and  by  the  presence  of 
colloid  extractives.  The  most  common  of  these  substances  are  emodin 
and  chrysophanic  acid.  Numerous  isomers  of  these  are  possible  (15  tor 
emodin  alone).  The  special  characters  of  the  different  drugs  b  probably 
due  to  differences  in  these  isomers;  in  the  stability  of  their  glucosidal  com- 
bination; and  to  the  presence  of  other  associated  substances  (tannin  In 
rhubarb).  The  action  of  these  drugs  does  not  progress  to  inflammation. 
They  are  often  more  effective  when  given  in  divided  doses  (three  times 
daily),  than  when  given  in  a  single  dose. 

^  Emodin  is  partly  absorbed  and  is  excreted  into  the  urine  and  milk 
(laxative  effects  on  sucklings). 

The  structure  of  these  anthraquinons  is  shown  by  the  following  formulas: 
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HC/\/\/\CH 
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CH  CO  C(OH) 

Dtoxymeth^Ianthraquinoa. 
Chrysophanic  add,  Cii  Hit  O4 


C(CH,)  CO  C(OH) 


C(OH)CO   C(OH) 

Trioxymethylanthraqninon. 

Bmodin,  Ci«  Hh.O» 


Emodin  is  probably  the  most  important  of  these  principles.  It  is  present  In  the 
amount  of  0.8  to  x  per  cent,  in  senna;  2.6  per  cent,  in  frangula;  0.6  per  cent,  in  cascara; 
0.8  per  cent,  in  Caoe  aloes;  and  1.5  per  cent,  in  rhubarb  (Tschirch  and  Hiejpe). 

Coloration  of  Urine. — The  drugs  containing  emodin  color  the  urine  yellowish-brown 
when  it  is  add,  reddish  or  violet  when  alkaline.  It  may  be  advisable  to  acquaint  the 
patient  with  this  fact. 

Other  drugs  Vfhich  change  the  color  of  the  urine  are:  Logwood  (Hematox^lon)  docs  not 
color  add  urine,  but  produces  a  reddish  or  violet  color  in  alkaline  unne.  Santonin 
gives  a  yellow  color  to  add  urine,  with  a  yellow  foam;  if  the  urine  is  made  alkaline  it 
gives  a  very  pronounced  pink.  Picric  acid  gives  reddish-brown  color  in  both  add  and 
alkaline  urine.  The  various  coal-tar  products  give  a  brownish-black  color.  Methylen 
blue  imparts  a  green  color. 

Manner  of  Action. — The  older  work  (Buchheim;  Tappeiner  and 
Brandl,  1889)  showed  that  the  action  of  the  emodin  group  is  mainly  on  the 
large  intestine^  which  reacts  by  increased  movement  also  to  intravenous 
injection;  and  that  there  is  no  increase  of  intestinal  secretion.  The  X-ray 
experiments  of  Magnus  with  senna  show  that  the  effects  consist  chiefly 
in  increase  of  the  local  defecation  reflex,  and  inhibition  of  the  colon 
antiperistalsb. 

Experiments  of  Magnus  (1909). — Senna  does  not  affect  the  course  of  the  ch3nne' 
through  the  stomach  and  small  intestine.  The  first  effect  occurs  when  the  senna  reacbesb- 
the  colon,  so  that  its  action  must  be  strictly  local.  Here  it  inhibits  antiperistal^s  anA 
thus  prevents  the  concentration  of  the  feces.  At  the  same  time,  it  starts  the  defecatioiB- 
reflex.  It  thus  leads  to  the  expulsion,  first  of  the  solid  contents  already  present  in  th^ 
rectum,  and  then  of  the  more  fluid  contents  of  the  upper  colon. 
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CASCARA  SAGRADA 

Cascara  is  used  chiefly  in  habitual  consiipation.  It  softens  the  stools 
■wilhoul  noticeable  irritation.  The  susceptibility  is  not  lost  with  use;  on 
the  contrary,  the  establishment  of  regular  habits  usually  permits  it  to  be 
gradually  withdrawn.  By  its  bitter  taste,  it  acts  also  as  stomachic.  It 
may  be  given  as  the  fluidextraci,  15  drops  three  limes  daily;  or  in  a  single 
dose,  a  half  leasiwonful,  in  the  evening.  This  causes  a  single  soft  stool  in 
the  morning.  In  the  .Aromatic  Fluidcxtract.  which  is  much  more  pleasant, 
some  of  the  bitter  and  cathartic  principles  have  been  destroyed  (Wcazell, 
1886)  by  an  alkali  (magnesia).     It  may  be  given  in  twice  the  dose. 

It  is  generally  stated  that  the  fresh  baric  is  emetic,  through  the  presence  of  a  fcr- 
racnt.  which  gradually  disappears  as  the  barlt  is  aged.  R.  H.  True,  and  Klugh.  1009, 
ilid  not  find  any  emetic  effect  from  the  unaKed  bark . 

In  the  excised  intestine,  cascara  increases  the  rate,  but  le&sens  the  intensity  of  the 
(OQtractions  tKlury.  igii).  The  lone  is  increased  by  small,  and  lowered  by  large  doscS| 
alio  intravenously  (Ott  and  Scott,  1908). 

When  cascara  is  administered  h\'podennicaHy  (as  with  the  proprietary  "Peris- 
ultin"),  its  constituents  are  rapidly  aosorbed  and  excreted  by  the  kiane>'5,  producing 
renal  irritation,  but  not  catharsis  (Chistoni,  1Q14J. 

Cascara  sagrada  ("Sacred  Bark")  was  us<!d  by  the  early  settlers,  but  was  little 
knoim  to  the  profession  till  introduced  by  Bundy,  1877.  Johnson  and  Hindman,  loUi 
miew  its  history,  composition  and  bibliography. 


PREPAKATIONS^CASC.\RA 

Castara  Sagrada  (Case.  Sagr.),  U.S.P.,  B.P.;  Cascara  Sagrada  (Cascara;  Rhamnus 
Tunhiana). — The  dried  bark  of  the  trunk  and  branches  of  the  shrub  Rliamnus  Pur- 
shiana,  stored  at  least  one  year.  The  active  principles  arc:  Cascarin,  which  is  a  calhar- 
tin  oremodin  principle;  isocmedin,  bitter  resins,  etc.;  no  chrys&robin  or  chr>'sophanir 
Aod(jowctt,  IQ04.  This  author  claims  that  ema<Jin  is  not  the  main  active  constituent '. 
ftw.  I  Gm.,  15  gr..  U.S.P. 

^"£rf.  Ca4car.  Sagr.,  U.S.P.;  £xi.  Case.  Sagr.  Skc^  B.P. — A  powdered  extract,  i 
/Cm,  representing  4  Gm.  of  drug,  U.S.P.     Dose,  0.25  Gm..  4  gr.,  U.S.P. 
^  *F{dtja.  Cascar.  Sagr.,  U.S.P.;  Exi.  Cascar.  Sa^r.  Liq.,  B.P.— ZXwe,  1  c.c.,  15  minims. 
I'S.P.;  2  to  4  c.c,  tj  to  I  dram,  B.P. 

•fUfjrf.  Cascar.  Sagr.  Arom.,  U.S.P.  (Aromatic  Cascara). — A  watery  extract,  with 
tb{  bitter  principles  partly  destroyed  by  maceration  with  magnesia;  preserved  with 
^'s  per  cent,  of  alcohol,  favored  with  glycyrrhiza,  aromatics  and  saccharin.  Dose^ 
'C-t,  .10  minims,  U.S.P. 

*  Syr.  Ciisc.  Arom.,  B.P. — 40  per  cent,  of  Liquid  Extract,  flavored  with  orange,  cin- 
"ttnwn  and  syrup.     Dose^  3  to  H  c.c,  \i  to  2  dramSf  B.P 

frMgula,  U.S.P.  (Buckthorn  Bark). — The  dried  bark  of  Rhamnus  Frangula.  Dostf 
'Gm..  i5gr.,  U.S.P. 

Fidtji.  FrangHi.,  U.S.P. — Dose,  i  c.c,  ig  minims. 

XiMwx  Crispus. — Dock -root  is  said  to  contain  chrysophanic  add  about  o.i  per  cent. 
^inenodin  identical  nith  that  of  cascaru  (Beal  and  Okcy.  iQig). 

SENNA 

The  effects  are  more  extensive  and  more  irritant  than  with  the  other 
(Jnigs  of  the  group,  so  that  it  is  better  suited  for  acute  than  for  chronic 
cniistjpalion.  There  is  considerable  griping,  which  may  be  corrected 
t>y  carrotnatives,  or  by  the  previous  extraction  of  the  resins  with  alcohol 
'isiaihe  Fluidextracl). 

PRKPARATIONS — SENNA 

'5nifid  rScnn.}.  U.S.P.;  Senna  Folia  (Scnn.  Fol.),  B.P.;  Senna.— The  dried  leaflets 
"*  CkiA\n  acutifolia  or  angustifolia.  Introduced  by  the  Arabians.  Constituent*: 
*nnii-«modin,  senDa-isoemodin,  scnna-chrysophanic  acid,  and  other  anthniquinon 
'Mnlives  ^rhein,  aloe  emodin),  free  and  in  glucosidal  combinations;  also  some  sali- 


206  UANVAL  OF  PHARMACOLOGY 

cylic  add  (Tutin,  1913, 1914;  Tambach,  1913).  DosCt  4  Gm.,  i  dram,  n.S.P.,  as  cathar- 
tic; as  laxative,  z  to  2  Gm.,  15  to  50  gr.,  infxised  in  a  cup  of  hot  water.  Many  of  the 
laxative  nostrums  ("Castcria;"  **Fig  Syrup;"  various  "Teas")  owe  thdr  activity 
mainly  to  senna. 

A  preparation  for  bjrpodermic  use  is  marketed  as  "Sennatin."  Betke^  1914* 
claims  good  effects  in  postoperative  ileus. 

Cor^.  Senn.,  B.P. — xo  per  cent,  of  powdered  Senna.  Dose,  4  to  8  Gm.,  x  to  a  drams, 
B.P. 

Inf,  Senn,,  B.P. — 10  per  cent.,  with  Ginger.  Dose,  1$  to  30  c.c,  H  to  x  ounce, 
repeated:  single,  60  cc,  2  ounces,  B.P. 

Inf.  Senn,  Co.,  U.S.P^  (Black  Draught). — Average  dose,  120  cc,  4  ounces,  U.S.P., 
contains  about  7  Gm.  of  Senna;  15  Gm.  of  Magnes.  Sulph.,  with  Manna  and  Fennel. 

Fldexi.  Senn.,  U.S.P. — Dose^  2  ex.,  30  minims,  U.S.P. 

Mist  Senn.  Co.,  B.P. — 35  per  cent,  of  Magnes.  Sulph.  in  Inf.  Senn.,  with  aromatics. 
Dose,  30  to  60  cc,  I  to  2  ounces,  B.P. 

•  Syrupus  Senna  (Syr.  Senn.),  U.S.P. — 25  per  cent.  Flavored  with  coriander. 
Dose,  4  cc,  I  dram,  U.S.P. 

•  Syr.  Senn.,  B.P, — About  40  per  cent.,  with  coriander.  Dose,  2  to  8  cc,  H  to  * 
drams,  B.P. 

Tr,  Senn.  Co.,  B.P. — 20  per  cent.,  with  caraway  and  coriander.  Dose,  2  to  4  cc, 
H  to  X  dram,  repeated;  single,  8  to  15  c.c.,  2  to  4  drams,  B.P. 

*Pulvis  Glycyrrkiza  ComposUus  (Pulv.  Glycyrrh.  Co.),  U.S.P.,  B.P.  (Compound 
Licorice  Powder). — Greenish-yellow  to  greenish-brown  powder;  odor  of  fennel.  Aver- 
age do»e,  4  Gm.,  x  dram,  U.S.P.;  contains  about  0.7  Gm.  of  Senna,  0.3  Gm.  of  Sulphur 
and  a  little  Fennel  oil.    Dose,  4  to  8  Gm.;  x  to  2  drams,  B.P. 

Senna  Fructus  (Senn.  Fruct.),  B.P.;  Senna  pods. — The  dried  ripe  fruits  of  Cassia 
acutifolia  or  angusdfolia. 

Cassia  Fructus  (Cass.  Fruct.),  B.P. — The  ripe  fruits  of  Cas^  Fistula. 

Cassia  Pulpa  (Cass.  Pulp.),  B.P.;  Cassia  Pulp. — An  evaporated  watery  extract  of 
the  preceding. 

RH0BAKB 

This  contains  a  considerable  quantity  of  tannin  as  well  as  cathartic 
principles.  The  astringent  action  predominates  with  smaller  doses 
{0.05  to  0.3  Gm.)  and  these  are  used  as  astringent  bitter  in  gastric  catarrh, 
and  in  diarrhea.  Larger  doses  (i  to  5  Gm.)  are  laxative  with  little  colic. 
They  may  be  employed  in  chronic  constipation,  but  the  astringent  action 
makes  it  inferior  to  cascara.    It  may  cause  skin  eruptions. 

Constituents  (Tutin  and  Qewer,  i9ix)._  The  cathartic  prindptes  are  main^  a 
resin,  non-glucosidal,  but  ^eldixig  on  hydrolysis  various  anthraquinon  derivatives,  which 
also  exist  partly  free:  rhem,  emodin,  fdoe-emodin,  chrysophanic  acid,  etc  The  astrin- 
gent principles  are  glucosidal  compounds  of  tannin  (rheotanmc  add),  and  gallic  add. 
There  is  also  a  laige  amount  of  calcium  oxalate. 

PREPARATIONS — RHUBARB 

Rheumj  U.S.P.^  Rhei  Rkiz,,  B.P.;  Rhubarb. — From  Rheum  offidnale  and  probably 
other  species  growmg  in  China  and  Thibet.  (The  species  of  Rhubarb  cultivated  in  this 
country  are  devoid  of  cathartic  properties.)  Rhubarb  has  been  used  since  antiquity 
in  China,  and  by  the  Roman  physiaans.  Dose,  i  Gmj.  15  gr.,  U.S.P.;  0.2  to  0.6  Gm., 
3  to  10  gr.,  repfiated;  single,  x  to  2  Gm.,  15  to  30  gr.,  B  J*. 

Ext.  Rhei.,  U.S.I*.,  B.P. — A  powdered  extract,  i  Gm.  representing  2  Gm.  of  drug, 
U.S.P.    Dose,  0.25  Gm.,  4  gr.,  U.S.P.;  o.x2  to  0.5  Gm.,  2  to  8  gr.,  B.P. 

Fldexi.  Rhei,  U.S.P. — Dose,  i  c.c,  15  minims,  U.S.P. 

Inf.  Rhei,  B.P. — 5  per  cent.    Dose,  15  to  30  c.c,  3^  to  i  ounce,  B.P. 

Mist.  Rhei  et  Soda,  N.F. — Sod.  bicarb.,  3.5  per  cent.;  Fluidext.  Rhubarb,  1.5  per  cent; 
Fluidext.  Ipecac,  0.3  per  (xnt.;  Sp.  Peppermint,  Glycerin,  and  Water.  Dose,  4  cc,  i 
dram. 

PU.  Rhei  Co.,  U.S.P. — Each  pill  contains  0.13  Gm.  of  Rhubarb,  0.01  Gm,  of  Aloes. 
Dose,  two  pills,  U.S.P. 

PU.  Rhei  Co.,  B.P. — Pill-mass  containing  25  per  cent,  of  Rhubarb,  20  per  cent,  of 
Aloes,  14  per  cent,  of  Myrrha.    Dose,  0.25  to  0.5  Gm.,  4  to  8  gr.,  B.P. 
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Pui9.  RMei.  Co.,  TJJS.P.,  B.P. — 3S  per  cent,  of  Rhubarb^  65  per  cent.  Magn.  Oxid., 
10  per  ceot.  of  Ginger,  U.S. P.;  the  B.P.  formula  is  almost  the  same.  Dose,  2  Gro., 
30 gr..  U.S.P.;  0.6  to  4  Gm.,  10  to  60  gr.,  B.P. 

Syr.  Rkei,  U.S. P. — 10  per  cent,  of  Rhubarb;  i  per  cent,  of  Pot.  Garb.;  flavored  with 
Qaumon.     Dose,  toc.c,  aV-J  drams,  U.S. P. 

Syr.  Rhci,  B.P. — 7  per  cent.,  with  Coriander.     Dose,  2  to  8  c.c,  H  to  ^  drams,  B.P. 

*Syr.  Rkei  Aromaticus  (Syr.  Rhci  Arom.).  U.S. P.;  Aromatic  Syrup  of  Rhubarb. 
iSptrccnl.  of  Tr.  Rhei  Arom  ;  0.1  per  cent.  Pot.  Carb.     Dose,  loc.c,  2^^  drams,  U.S. P. 

Tr.  Rhei,  U.S. P. — 20  per  cent.;  flavored  with  Cardamon.  Dose,  4  cc,  i  dram, 
U.S.P. 

*Tin<tura  Rhei  AromaUca  (Tr.  Rhei  Arom.),  U.S.P. —  jo  per  cent,  flavored  wjth 
Oniuimon,  Clove  and  Nutmeg.     Dose,  2  cc^^o  min.,  U.S.P. 

'  Tinctura  Rhei  Composita  (Tr.  Rhei  Co.),  B.P. — 10  per  cent.;  flavored  with  Carda- 
WHi  and  Coriander.  Dose^  3  to  4  c.c,  ^  to  i  dram,  repeated;  single,  8  to  16  c.c,  2  to 
idnuns,  B.P. 

ALOES 

General  Statement. — The  inspi.ssated  juice  of  the  leaves  of  various 
species  of  Aloe  from  the  West  Indies,  Africa,  etc.,  furnishes  the  commercial 
varieties  of  aloes,  which  differ  somewhat  in  composition  and  action. 
Tliey  contain  anthraquinon  derivatives,  especially  aloins  (10  to  16  per 
percent.).  These  are  glucosids  which  are  probably  inactive  themselves; 
bm  which  3neld  emodin  and  other  active  anthraquinon  derivatives 
ondeavage.  This  cleavage  occurs  in  the  intestine;  it  is  favored  by  alkalies 
and  perhaps  also  by  bile  and  by  iron  salts.  Aloin  may  be  used  as  such. 
Aloe  is  intensely  bitter,  so  that  it  must  be  administered  in  pills.  Very 
small  doses  may  be  used  as  stomachic.  Moderate  doses  are  simply 
Usalivc,  but  somewhat  apt  to  gripe,  and  are  therefore  commonly  combined 
with  belladonna  or  carminatives  (myrrh,  etc.).  They  do  not  lose  their 
ci&dency  on  continued  use  and  would  be  suited  to  habitual  constipation, 
^Jui  have  no  advantage  over  cascara.    Aloes  are  supposed  to   produce 

I  '  It-rabf?  congestion  of  the  pelvic  organs  and  are  therefore  caniraindi- 
;  in  hemorrhoids,  menstruation  and  pregnancy.  On  the  other 
ii'iiiil.  they  may  be  used  as  emmenagogues.  They  are  especially  pre- 
^rilnrd  for  correcting  the  constipative  action  of  iron  medication. 

Hypodermic  Administration. — Aloin  is  also  effective  subcutaneously,  being  excreted 
iiii»thie  large  intestine;  but  this  method  is  too  painful  (H.  Meyer,  1890). 

Aloia  Nephritis. — In  mbbils,  hypodermic  injection  {2  c.c.  per  kilogram  of  5  percent., 
t^lrd  on  two  to  three  successive  days)  produces  a  tubular  nephritis.  The  anatomic 
loMis  have  been  investigated  especially  by  MUrsct  (1885);  they  arc  practically  the 
*aem  acute  and  chronic  poisoning,  and  consist  mainly  in  degeneration  of  the  epithc- 
tiumof  the  convoluted  tubules.  This  loses  its  striations  and  staining  qualities,  and  the 
nudti  disappear.  The  glomerular  epithelium  is  but  slightly  altered,  and  the  glomerular 
^'^xclsthow  no  lesions.  The  urine  may  be  increased  or  diminished  and  contains  pro- 
icuH,  leucocytes,  casts,  crystals,  and  blood. 

Metabolism. — There  is  also  an  increased  protein  metabolism,  resulting  in  rise  of 
"^in  mammals,  of  uric  acid  in  birds.     The  latter  may  therefore  develop  gout.     Dogs 

iviome  fever  (Berrar,  1913). 


PREPARATIONS — ALOES 

'Aloes,  U.S.P.,  B.P.;  Aloes. — The  dried  juice  of  the  leaves  of  .\\<x  species:  Aloe 

^*^%  vHcIding  Socotrine  Aloes;  Aloe  vera,  yielding  Curagoa  Aloes;  Aloe  ferox,  yielding 

C*pe  .\Ioes  (Natural  history  of  the  commercial  aloes,  Wilbcrt,  1903).     Aloe  was  used 

lite  Greeks  and  probably  by  the  Egyptians.     Brown,  opaque,  glassy  masses;  aro- 

iticodor;  nauseous  bitter  taste.     Partly  sol.  in  water;  completely  soL  in  ale.     Dose^ 

Gm,,  4gr.,  U.S.P.;  0.12  to  0.3  Gm.,  2  to  5  gr.,^  B.P.;  best  as  pills. 

^<.  AhesCo.,  B.P. — 1  per  cent,  of  East.  Aloes,  with  Myrrh,  Arumatics  and  Liquorice. 

'".  IS  to  <»o  c.c,  H  to  7  ounces. 

£xf.  jfioeT,  B.P. — A  powdered  watery  extract.     Dose^  0.06  to  0.25  Gm.,  1  to  4  gr.. 
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Pii,  Aloes,  U.S.P.— o.ij  Gm..  2  gr.  o(  .\loes,  with  Soap.     Dose,  two  plUs,  U.S.P. 

Pil,  Aloes,  B.P. — 58  per  cent^  with  Soap  and  Caraway  Oil.  DosCf  0.25  to  0.5  Gm.. 
4  to  S  gr.,  B.P. 

Pil.  Aloes  et  Asafei,  B.P. — ao  per  cent.,  each,  of  Aloes,  Asafct.,  and  Soap.  Dose, 
0,35  to  0.5  Gm.,  4  to  8  gr.,  B.P. 

(PU.  Alors  ei  Fcrr.,  see  Index.)  ^_ 

Pit.  Aloes  et  Myrrh.,  B.P. — 44  per  cent,  of  Aloes,  32  per  cent,  of  Myrrh.     Dos^^M 
0.2$  to  0.5  Gm.,  4  to  8  gr.,  B.P.  ^H 

7x..^^UfiAS*  U.S.P. — lopcr  cent,  of  Aiocv  with  Glycyrrhiw-     Doxe,  2  c.c,  30 minims, 

U.S.P. - — 

•  ,4/OT"n«m    (Aloin),    U.S. P.,    B.P.;    Aloin. — A   pentosid   or   mixture   of   pcntosi< 
obtamed  from   aroes   (usually  from   Curacoa,   W.   Ilills.    190S).   varying  in  chcmit 
composition,    physical  and  chemical  properties  according  to  the  source.     \  yclloi 
micrucrystalUnc  powder,  praclicaUy  otforless,  intensely  bitter  taste.     Sol.  in  water  am 
ale.     Done,  0.015  Gm.,  34  gr  ,  U  .S.P.;  0,05  to  o.i  2  Gm  ,  'm  to  :  Rr.,  B  P. 

PU.  Aloin,  Bi'llad.  el  Stryrhnin.  (Pil.  Laxativa;  Co..  U.S.P.  VHI).— Each  containss 
Aloin,  13  rag.  (  ^ij  Kr.);  Strychnin,  0.5  mg.  (H28  R^-^;  tl'^^-  Bclladonn.,  8  mg.  (  ^  gr.); 
Ipecac,  4  mg.  (  y\^  gr  ).     Dose,  Two  pills. 

Natalinn. — This  differs  from  the  other  aloins  in  composition,  and  is  more  difficultly 
hydrolyzcd  (H.  Meyer). 

Synthetic  antkracen  derivatives  with  laxative  action  have  been  prepared,  but  have 
little  practical  importance  {purgatiMf  anthrapurpurin  diacetute:  cxodin,  methyl  eatcr*^ 
of  diacetyl'hcxaoxy*anthraquinon). 


PHENOLPHTHALEIN 

This  is  a  mild  tasteless  purgative,  acting  probably  on  the  large  intci 
tine.  It  is  but  little  absorbed  from  the  alimentary  canal,  and  is  ordinarF 
non-toxic  even  in  large  doses.  It  may  be  used  in  habitual  constipatio 
and  has  been  exploited  under  several  proprietary  names  (purgen,  laxans^ 
etc.).  PkenolUtrachlor phlhaUin,  0.4  Gm.  dissolved  in  20  c.c.  of  neutral 
olive  oil,  has  been  suggested  as  a  subcutaneous  purgative  (Abel  and 
Rowntrec,  iqcm);  Rowntree,  igio).  Phenolsulphonephlhalein  is  used  to 
test  the  excretory  efficiency  of  the  kidneys  (Abel  and  Rowntree,  1909; 
Rowntree  and  Geraghty,  1910;  Chesney,  Marshall  and  Rowntree,  1914) 


Action. — The  purgative  effect  of  this  familiar  indicator  was  discovered  by  v .  Vamoss; 
iQOO.     It  appears  to  be  connected  with  the  quinon  structure.     It  has  been  investigat 
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cx[>erimenlally  by  v.  Vamossy,  1902;  Tunnicliffe,  lyoj;  Fleig,  1908;  Abel  and  Rowi 
tree.  1909,  etc.;  and  clinically  by  Dornblueth,  1903,  and  many  others.  Animals 
rather  less  susceptible  than  man.  Ott  and  Scott,  1908.  found  evidence  that  it 
directly  on  the  muscle  of  the  excised  intestine,  Fleig  and  others  attribute  the  actio 
to  increased  intestin.il  secretion,  but  the  evidence  is  not  satisfactory.  It  acts  alsoov^ 
hvpodcrmic  or  intravenous  administration,  reaching  the  intestine  through  the  bil^=- 
I'he  blood  pressure  is  scarcely  aflected.  even  when  large  doses  are  injected  into  a  \tT«i 
(TunniclilTc;  .Abel  and  Rowntree.  etc.);  the  kidneys  arc  not  irritated,  nor  are  there  uray 
other  systemic  effects.  Phenolphthalein  itself  docs  not  produce  local  irrilation,  buat 
its  soluble  salts  arc  highly  irritant.     It  is  not  bactericidal  (.Abel  and  Rowntree). 

Absorption,  Pate  and  Excretion.  —  Phenolphthalein  is  insoluble  in  acids,  but  £ive&  ^H 
pink  solution  with  alkalies.     It  passes  the  stomnch  unchanged.     It  is  partblTy  ^^^^H 
solved  in  the  alkaline  intestine,  but  very  little  is  al>sorbed,  almost  the  entire  quantiC^^ 
(over  S5  per  cent.)  apjx'aring  unchanged  in  the  feces  (Vamossy).     .\fter  large  do•-<^s, 
traces  are  found  in  the  urine  (Fleig;  Elmer,  1909),  which  is  then  colored  violet-red  t>y 
alkalies  {Grucblct,  icjoO). 

After  h>'px)dcrmic  administration,  it  is  excreted  by  the  urine,  feces,  saliva,  tear*, 
etc.  The  excretion  is  very  rapid,  beginning  within  fifteen  minutes  and  eodiD£<° 
twelve  to  eiRhtecn  hours.  In  the  urine  it  exists  partly  free,  partly  conjugated.  Xfef 
body-fluids  dissolve  it  more  readily  than  water  (Hcig).  It  is  excreted  into  the  intestine  | 
maiiUy  by  the  bile,  and  is  to  some  extent  reabsorbed  in  the  large  intestine  (Abel  and 
Rowntree).     The  fate  of  the  phthateins  is  also  discussed  by  Kastle,  1906. 

Toxic  Effects. — Only  a  few  doubtful  cases  arc  on  record  fHolz.  190^;  Best,  1906; 
Zabel,  1911;  Orland.  1913*  etc.).  These  presented  phenomena  o£  intestinal  irritatioo, 
always  ending  in  rccover>*.     Hydrick,  1914,  claims  that  even  0.05  to  o.i^  Gm.  prodtit* 
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quite  coaslantly  a  slight  albumuiuna,  lasting  one  to  three  days.  On  the  other  band) 
very  large  doses  ha-vx  often  been  given  without  bad  effects:  to  man,  several  gnuns  by 
south.  0.5  Gm.  subcutancously;  to  dogs,  1.25  Gm   per  kilogram. 

Administratioa. — Pbenolphthalein  may  be  laken  in  the  evening,  as 
gowder,  capsules,  or  loxcnges,  in  doses  of  0.1  to  0,2  Gm.,  ij-^  to  3  gr.;  for 
oeJrIilden  patients,  0.5  Gm.,  S  gr.;  for  chilflrcn,  0.03  Gm.,  ^^  pr.  These 
stnaller  doses  soften  and  regulate  the  stools  for  several  days,  with  little 
or  no  colic.     Large  doses  are  hydragogue. 

PREPARATIONS — PBENOLPHTHALEIN 

' PkenolpMhctrinum  (Phenolphlhal.),   U.S.P..  B.P.;  Pbenolphthalein  (Dih>'drtwy- 

ilthiutphenone),   (C€HiOH)jCO.C.H.CO.— White  oysialline  pawdcr,  odorless  and 

Almost  insol.  in  water,  soL  in  ale.  (i:  13).     DosCy  o.ij  Gm.,  2]^  gr.,  U.$<P.; 

:..^  Gm..  2  to  5  jrr  .  B.P. 

Phenolsulphonephthalein,  N.N.R. — The  preceding,  with  CO  replaced  by  SO|. 

Dffjf,  ts  mg.,  a>  ttst  of  kidnLy  function  (for  details,  sec  N-N.R). 

R<at  oj  Excreiion. — In  dogs,  Arbuthnot  ri  a/.,  1917,  find  that  with  Intramuscular 
JBJKtioQ  the  excretion   varies  greatly  according  to  the  rale  of  absorption.     With 

:-.^. ...    -'njeclion,  about  80  per  cent,  is  excreted  in  an  hour,  regardless  of  the  amount 

cen  3  and  ,^0  mg.)-     The  amount  excreted  is  practically  independent  of 
•\  urine  (beyond  a  certain  minimum).     A  part  is  lost  in  the  body  by  reduc- 
i^  he  rccover>' is  not  quantitative  (Kendall,  iqi?!. 

.  irom  Subdural  ln}eci\Qn.s, — Mehrtcns  and  West.  IQ17,  report  that  these 
ut  [Htrmaliv  followed  by  the  appearance  of  the  drug  in  the  urine  ^^-itnin  10  minutes 
fattl  that  it  may  be  considerably  delayed  in  diseases  of  the  central  ncr\'ou5  system,  espc- 
cttlh  when  the  meninges  are  involved. 

kdated  Compounds. — Other  compounds  rebted  to  phenolsulphonephthalein  arc  also 
Dotted  by  the  kidneys.     These  may  be  somewhat  antiseptic  (E.  J.  Davis,  1918). 

BILE 

The  administration  of  bile  or  bile  salts  (sodium  glycocholate  and 
Uurocholate)  stimulates  the  secretion  of  bile  (Pfaff  and  Balch,  18Q7), 
inaeascs  i>eristalsis  (Stadelmann,  1S96);  acts  as  an  indirect  antiseptic 
•Tjnibourg)  by  evacuating  the  intestines,  and  facilitates  the  digestion  of  fat. 
Tliey  have  been  advocated  in  obstructive  jaundice  and  in  biliary  fistulas; 
^t  their  effects  are  not  verA'  pronounced.  Added  to  enemas,  bile  is  used 
u  A  laxative  against  impacted  feces  and  against  ascaris,  but  has  little 
A'ivaniage  over  soap. 

The  pharmacologic  actions  of  bile-salts  are  similar  to  those  of  saponins. 

e  these,  they  lower  surface  tension,  heraolyze  blood,  dissolve  fats  and 
etc. 


JteUtive  Cholagogue  Effects  of  Bile  Constituents. — By  oral  administration  to 
^  with  biliary  fistulx.  the  following  results  were  obtained  (C.  W.  Hooper,  1917; 
™<^)ct»nd  Whipple,  1917): 

Volume  of  Bile  Output  of  Pile  Bigmeat 

TaurocboHc  Acid  Great  increase  Little  effect 

OlycDchoUc  Acid  Moderate    *'  Marked  diminution 

ChoUc  Acid  Little  "  Slight  " 

Bile  Fat  No  "  Strong 

Entire  BUc  Marked       "  Diminished* 

•  This  in  dicates  that  the  bile  pigment  is  not  absorbed  a.s  such. 

Pwistaisis- — On  exrised  small  or  large  intestines,  bile  or  bile  sails  produce  mainly 
^RHioa  COtl  and  Scott.  1909;  d'Errico,  1910);  but  the  large  intestines  may  be  stim- 
*Uftl  (Schuepbach.  igio).  In  man,  evacuation  is  assured  especially  by  enemas,  but 
■^bynral  administration  (Glaessncr  and  Singer,  1910). 

Excised  Uterus. — Bile  and  bile  sAlt^,  in  moderate  concentrations,  increase  the  con- 
'^twni  of  the  pregnant,  not  of  the  virgin  uterus.     High  concentrations  inhibit  lCa.n- 
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Clotting  of  Blood. — This  is  delayed  by  the  addition  of  bile,  apparently  by  int 
ference  with  the  reaction  between  fibrinogen  and  thrombin  (Hoessler  and  Stebbi 
iQig). 

Autolysis. — Bile  sails  and  whole  bile  jictivate  autolytic  processes,  and  arc  tl 
cytolytic  {  Tatum,  ioif>). 

Toxic  Actions. — Bile  is  non-toxic  by  mouth,  but  when  injected  into  the  circulat 
(Meltzcr  and  Salant,  1905,  iqoO;  Bunting  and  Brown,  igiU  't  produces  severe  nervous 
and  cardiac  depression  (Brandenburg,   1905;  Glur,   1909)  ana  hemolysis.     It  is  also 
directly  toxic  to  muscle  and  ne^^'C. 

J.  H.  King  and  H.  A.  Stewart  claim  that  the  pigments  are  mainly  responsible 
the  circulatory  effects.     High  toxicity  of  the  bile  pigments  has  been  affirmea  and  deni 
(bibliography,  Merck's  Report,  igi4»  28:13). 

Bile-acids  are  highly  toxic.     Small  doses  stimulate  the  vagus  center;  larger  doses 
depress  the  hi^rt  directly,  with  slow  irregular  pulse  and  low  blood  pressure.     They  also 
produce  depression  of  the  medullary  centers,  coma  and  paralysis;  and  hemolysis 
cell  destruction.     They  have  a  local  vasoconstrictor  action  (Samelson). 

Toxic   Symptomi   of  Biliary   RrUnti^n   (Obstruction). — These   consist  in  dulw 
delirium,  con\'ulsions,  (ever,  generally  fatal  in  a  few  days.     It  is  not  at  all  certain  that 
the  effects  are  due  entirely  to  bile  acids  or  pigments;  possibly  more  comple.x  poisons  axt 
concerned. 

Bile  Salts  in  Gonorrhea. — IxKhlein,   ipog.  introduced  the  local  injection  of 
salts  in  the  acute  stage  for  destroWng  the  gonococci.     V,  Hofmann,  1912,  found  thai 
to  2  per  cent,  had  little  effect;  5  to  10  per  cent,  gave  better  hut  only  temporary  rcsu! 
These  were  improved  by  following  with  silver  injections,  or  by  using  a  soluble  sili 
bile  acid  compound. 

Bibliography. — An  extensive  bibliography  on  bile  is  contained  in  Merck's  Re| 
J9i4f  a8:i. 

PREPARATIONS — BILE 

fel  Bovis,  U.S.P.;  Oxgall.— The  fresh  bile  of  Bos  Uurus. 

Fd  Bovintim  Punficaium  (Fel  Bov.  Pur.),  B.P.;  Purilicd  Ox  Bile. — An  evaf 
alcoholic  extract.     Dose,  0.3  to  i  Gm.,  5  to  15  gr.,  B.P.;  as  enema,  1:50. 

•  Extractum  Fdlis  Bovis  (Ext.  Fel.  Bov.)  U.S.P.;  Extract  of  Oxgall  (Puri6cd  Oxgs 
An  alcoholic  extract  of  bile,  evaporated  and  mixed  with  starch;  i  Cm.  representing 
8  Gm.  uf  Oxgall.     Very  bitter  yellow  powder.     Dose,  o.i  Gm.,  i}^  gr.,  U.S.r.,  in  pi 
or  formaldehyd-hardened  capsules.     As  enema  2  per  cent. 

Bitr  Satis,  N.V.R/ — ^The  various  commercial  preparations  are  used  as  pills,  genei 
0.05 10  0.5  Gm.,  V]  to  I  gr.;  or  as  suppositories,  in  the  same  dosage. 

S<*dium    ChviaU   ^not   to  be  confused  with  sodium  cholalate)  is  a  misnomer 
*'Plattner*s  Bile,"  a  preparation  of  impure  bile  salts.    Laxative  dose  0.3  Gm.;or, 
enema,  0.2  to  0.5  Gm. 

CASTOR  OIL 

This  consists  mainly  of  the  triglycerid  of  an  unsaturated  fatty  a( 
ricinoleic  acid.  The  neutral  fal  is  not  active,  but  becomes  so  when  it  ifi 
saponi6ed  in  the  intestine.  The  cathartic  effect  is  due  mainly  to  motoi 
stimulation  of  the  small  intestine.  The  Lnlestinal  secretion  is  no'' 
increased,  the  fluid  character  of  the  stools  being  due  to  the  quicker  pasj 


Lssafl 


of  the  feces. 

With  the  usual  dose,  J2  ^o  i  ounce,  the  response  is  certain  and  con» 
plete,  resulting  in  a  few  hours  in  one  or  two  extensive  semifluid  stool 
with  but  slight  hyperemia  or  irritation,  there  being  little  or  no  colic, 
evacuation  is  so  complete  thai  there  may  be  some  aftcr-constij>ation. 
is  especially  suited  to  the  treatment  of  acute  constipation  or  acute  diarr! 
from  dietetic  errors,  ptomain  and  other  poisoning,  etc.     It  is  not  us 
continuously,   since   this   may    produce   gastric   disturbance.     Thf 
some  pelvic  congestion,  so  that  it  is  avoided  during  menstruation 
pregnancy. 

Mechanism  of  Action. — This  has  been  studied  with  x-ray  by  Magnus.  1Q08, 
observations  have  been  confirmed  on  man.  The  pure  oil  delays  slightly  the 
through  the  stomach  (as  do  other  neutral  oils).     Rancid  oil  hastens  the  gastric  cxpi 
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tht  small  tHUstiHTj  the  =;eginenting  movements  and  peristalsis  are  greatly  increased, 
that  the  expulsion  may  be  completed  in  two  houns  instead  of  the  normal  eight  hours, 
the  coion^  the  normal  antiperUtaUis  is  allayed,  so  that  the  feces  escape  concentration. 

propulsive  movements  of  the  colon  are  not  much  increased,  but  the  passage  of  the 

'  material  is  hastened  by  its  thinner  consistency. 

Id  China  it  is  used  us  an  article  of  diet.     The  properties  of  Castor  Oil  were  known 

Herodotus,  but  Croton  Seeds  were  first  described  in  the  middle  of  the  sixteenth  cen- 


Costor  oil  is  said  to  be  an  active  poison  for  flies  (Boyes  and  Gurjot,  lOiQ). 

Administration. — It  is  best  given  on  an  empty  stomach  an  hour  before  breakfast, 
taste  may  be  somewhat  disguised  b^  wetting  the  mouth  with  hot  coffee  or  milk, 
giving  the  oil  floating  in  these  liquids,  so  that  it  will  not  be  so  adherent.  The 
■taste  may  be  mitigated  by  ptppcrmint  or  bread.  It  is  sometimes  preferred  in 
siom:  N.F.,  ^j  per  cent.;  B.P.  (Mistura),  40  t>er  cent.,  flavored  with  orange  flower 
The  soft  fietatin  capsules  are  the  only  tasteless  method;  but  since  the 


dunamon 

inary  size  contains  only  1  c.c.,  it  is  dif&cult  to  administer  an  effective  dose 
lier  toethods,  see  J.A.M.A.,  60:1174.) 


(For 


PREPARATIONS — CASTOR  OIL 

^— ^'OirMffi  Rifini  (01.  Ricin.),  U.S. P.;  Castor  Oil. — A  fixed  oil  expressed  from  the 
^^bd  of  Ricinus  communis.  An  almost  colorless  viscid  oil.  of  faint  but  characteristic 
^^Bor  and  cxtremety  disagreeable  taste.  Sol.  in  an  equal  volume  of  ale.  Dosc.i^  c c, 
^^Kdnms.  U.S. P.;  4  to  .50  c.c,  i  to  8  drams,  B.P.;  for  infants,  a  leaspoonful.  Also 
^^(Riiu  hair  tonic,  diluted  with  i  to  10  vol.  of  alcohol. 
f         MiU,  Oi.  Rkirtt  B.P. — A  37.5  per  cent,  emulsion.    Z>o«,  30  to  60  c.c,  i  to  2  oudc^ 

^  Ricm  ^ 


days 


Ocaurencef  Clinical  Symptoms  and  Treatment — This  toxin  is  contained  in  the 

KOr  seeds,  but  docs  not  pass  into  the  oil.    Similar  phyto-toxins  occur  in  croton  seeds 

1);  and  in  jequirity  seeds  C\brin);  in  the  bark  of  the  locust  tree,  Robinia  pscud- 

(Robin);  and  in  the  seeds  of  some  leguminous  plants  (Phasin).     The  last  is 

weakly  toxic  (Review  of  X-itcrature,  Ford,  igi^).    The  ricin  is  responsible  for  the 

c  effects  on  eating  the  castor  seeds;  fi\*e  or  six  of  these  are  fatal  to  a  child,  twenty  to 

ItA;  three  or  four  seeds  may  cause  violent  gastroenteritis,  with  nau^a.  headache, 

vomiting,  colic,  sometimes  bloody  diarrhea,  thirst,  eniaciatiun,  and  great 

ity,     Tbf  symptoms  usually  do  not  set  in  until  after  several  days.     More  severe 

>u(ations  cause  small  frequent  pulse,  cold  sweat,  icterus,  and  convulsions.     Death 

Its  in  ux  to  eight  days,  from  the  convulsions  or  from  exhaustion.     I'he  fatality  is 

6  per  cent.     This  small  fatality  is  due  to  the  destruction  of  the  poison  in  the 

itary  canal.     The  ireatment  would  be  evacuant  and  symptomatic.     Three  to 

are  required  to  complete  recovery  (Critical  Review  and  Biblio^raphv,  Ford, 

Effects  on  Aninud&.~-Tbc  actions  can  be  best  studied  on  rabbits,  by  hypodermic  or 
ivcnous  injections.     Even  with  the  latter,  there  is  an  incubation  period  of  at  least 
■f  to  eighteen  hours  before  symptoms  appear.    These  correspond  to  tho«-  dc- 
ibed  for  man.     They  are  (jartly  local — gastroenteritis;  and  partly  central — paralysis 
■^  ihr  respiratory  and  vasomotor  ccntcn*.     The  local  inflammation  also  occurs  on 
o(l)er   mucous    membmnes    to    which    the    poison   may  be  applied,  especially  the 
junctiva. 

autopxy  findinRS  are  very  characteristic.     They  consist  in  swelltng  and  redden- 

'tyer's  Patches  and  mesenteric  lymph  glands,  internal  hemorrhages  and  diffuse 

Crtiz,  Flexncr.  Mueller  and  others  have  shown  thai  these  le&ions  are  not  due 

.  but  to  direct  action  on  the  tissues.     The  site  of  the  injection  is  boggy. 

have  a  much  higher  resistance  than  mammals.    The  phytotoxins  have  no 

rt  effect  on  muscle  or  ner\e. 

Action  on  Blood.—  In  niro,  ricin  hemolyzes  and  agglutinates  the  corpuscles  of  nearly 

•"1  *3rm-bloodcd  animals  (Stillraark,  1888).    The  agglutination  does  not  seem  to  occur 

'"^idy,  but  is  of  great  importance  as  an  immunity  phenomenon.     Leucocytes, 

il  and  other  cells  (except  those  with  thick  membranes,  as  ycasti  are  also  ag- 

'-■uuied:  as  likewise  the  stroma  of  lakcd  corpuscles  (Elfstrand).     The  presence  of 

•"Bjn  hindco  the  effect. 

•lulination  has  been  referred  to  precipitation  of  the  nuclcoalbumins  (Stas- 
proteins,  such  as  those  of  serum  (Rraus,  iQoi).  All  kinds  of  colloid  pre- 
down  ricin,  and  it  is  adsorbed  by  solid  proteins  and  lipoids. 
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Nature  of  Ricin. — This  appears  to  be  a  true  prolcin;  (or  a  preparation  of  nan 
been  obtained,  which  is  a  t>'pical  albumin,  and  which  is  so  active  that  0.0005  mg.  ui 
fatal  to  a  kilogram  of  rabbit;  i.(  ,  i  part  of  ihc  ricin  is  fatal  10  2,000,000  parts  of  rabbil 
the  fatal  dose  fur  man  would  therefore  be  about  o.o?s  mg..  or  1/7.000  grain  (Osboi 
Mendel  and   Harris,   1905;  Osborne,   1909).     The   agglutinating  action  is  also 
powerful. 

The  attempt  has  been  made  to  separate  the  agglutinin  (which  is  adsorbed 
blood  corpuscles)  from  the  cytotntin,  which  is  destroyed  by  peptic  digestion.  Jac< ' 
1902,  l>elievt's  that  they  have  certain  groups  in  common. 

Antiricin. — Injections  of  the  phylotoxins  produce  typical  antitoxins,  so  that 
immunized  animal  can  survive  5,000  ordinary  fatal  doses  of  ricin.  Some  of  the  base 
work  of  Khrlich  was  done  with  ricin  and  abrin.  He  showed  (iSqi)  tluit  the  immunity 
sLirts  in  five  to  six  days,  and  lasts  six  or  seven  months.  The  resistance  of  the  corpusdea 
is  unchanged,  the  antiricin  being  contained  in  the  pseudoglobulin  fraction  of  the  scnun 
{Jacoby,  1902).  It  contains  antitoxin,  antiagglutinin  ^probably  identical)  and  pre- 
cipitin. Madsac  and  Walbum  found  lh:it  this  combination  obeys  the  same  taws  ai 
diphtheria  antitoxin.  The  to.xicity  of  ricin  is  modified  rather  complexly  by  led) 
CLawrow,  1913). 

ABRQf  AND  JEQUIiaTY 


1 

tlA 


Abrin,  a  toxalbumin  from  Jequirity  bean  (abrus  prccatorius),  resembles  ridn 
closely  in  its  action  that  the  difference  was  established  only  when  it  was  noticed 
immunity  against  one  did  not  Constitute  immunity  against  the  other.     Ilausmann, 
1902,  has  studied  it  by  the  methods  of  Jacoby.     The  literature  was  reviewed  by  Ft 

Poisoning. — When  the  whole  beans  are  swallowed,  no  tonic  effects  result,  since 
shell  is  so  hard  that  the  poison  iloes  not  dissolve.     But  if  the  powder  is  taken,  it  pro- 
duce-s  efTects  similar  to  ricin.     Its  toxicity  ts  greatly  increased  by  beating  the  aninudl 
{Lcsne  and  Dreyfus,  igi.?)- 

Use  in  Oph^almology. — The  action  on  the  eye  is  much  stronger  than  with 
proflucing  ophthalmitis.     It  has  been  used   therapeutically  fWeekcr,  1882),  to 
corneal  opacities.     This  is  dangerous,  unless  standardized  preparations  are  used,  and 
excessive  effects  checked  bv  an  antiserum. 
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General  Statement. — Jalap,  Colocynth,  Podophyllum,  Elaterin 
similar  drugs  contain  active  principles  which  arc  for  the  most  part  resinoui 
(j.p.,  soluble  in  alcohol,  but  slightly  soluble  in  water),  olten  glucosi 
On  chemic  manipulation  (probably  hydration)  these  yield  resinous 
which  are  much  less  active. 

The  effects  of  these  resins  are  highly  irritant,  producing  considerable 
colic  (sometimes  vomiting),  and  several  watery  stools,  in  one  or  tw| 
hours  with  jalap  and  most  of  the  others;  but  with  podophyllum  only  afll 
twelve  to  twenty-four  hours.  They  are  used  especially  in  dropsM 
(Compound  Jalap  Powder);  small  doses  of  podophyllum  also  as  laxativt 
in  habitual  constipation.  The  others  tend  ultimately  to  produce  con 
stipation.  Colocynth,  and  presumably  the  others,  stimulate  peristal&k 
in  the  small  intestine,  inhibit  anlipcrisialsis  in  the  colon,  and  lead 
the  effusion  of  fluid  from  the  whole  intestinal  canal. 

The  resins  require  the  presence  of  bile,  which  renders  them  soliil 
They  arc  therefore  less  active  in  obstructive  jaundice.    They  prodi 
griping,  and  are  therefore  often  prescribed  with  belladonna  and  aromal 
If  they  are  not  removed  by  catharsis,  they  may  cause  severe  enteril 

The  principles  are  not  as  elective  whvn  given   pure  as  when  they  are  mi.xed 
extractive,  as  in  the  crude  drugs  and  "resins"  (alcoholic  extracts  precipitated  by  wal 
or  as  preparations  of  the  crude  drug.    This  is  due.  in  some  cases,  to  their  being 
what  soluble,  and  therefore  absorbed  in  the  stomach. 

Subcutaneous  Administration. — Thi?;   produces   diarrhea   with   podoph>'llin 
colocynthin,  but  is  not  available  because  it  also  produces  nephntis^  local  irritation 
Abscesses. 
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Mechanism  of  Action. — This  has  been  studied  on  colorynth  by  the  x-ray  method 
by  Padtberg,  190Q,  under  Magnus.  Similar  ob^iervulions  have  been  made  with  jalap 
OD  man:  The  gastric  movements  may  be  slightly  increased  but  often  remain  normal. 
In  the  smaiJ  inU:iiim  the  peristalsis  is  so  much  quickened  that  the  contents  may  be 
completely  expelled  in  half  an  hour  instead  of  the  normal  eight  hours.  This  is  ac- 
companied by  the  cfiusion  of  considerable  fluid  into  the  lumen.  In  the  /tirji;r  hUatine 
the  propulsion  is  only  slightly  increased;  hut  the  stools  are  rendered  still  more  liquid 
by  toe  inhibition  of  antiperistalsis,  and  by  the  secretion  of  additional  mucus.  Padtbcrg. 
1911,  found  that  the  colocynth  perif^talsis  and  effusion  arc  arrested  by  morphin  and 
opium,  although  these  do  not  ordinarily  art  directly  on  the  intestine,  but  on  the  stomach. 

Other  Actions. — Convolvulin  and  jalapin  appear  related  to  saponin  and  agaricin. 
Thtr  are  hemolj'tic  in  neutral  solution.  This  has  been  suggested  a3  an  index  of  the 
intestinal  action,  but  the  relation  requires  confirmation  (G.  Heinrich,  1918).  They  are 
destroyed  by  alkalies,  not  by  acids. 

JALAP 

This  is  perhaps  the  miWesi  member  of  the  Rroiip.  It  produces  watery 
Mpols  within  three  or  four  hours,  with  Httle  intestinal  irritation,  without 

ric  disturbance  or  much  prostration.  It  has  little  lasie  and  is  ihere- 
tasily  administered.  It  is  used  in  ascites,  cerebral  congestion, 
liyperiension ;  and  as  adjuvant  to  anthelmintics.  Scammony  is  closely 
related  to  jalap. 

Constituents. — These  have  been  studied  by  Power  and  Rogerson,  ipog  and  iQxa. 
The  *'Hnn"  is  a  complex  substance,  which  can  he  separated  by  solvent*  into  several 
gJucoBidal  portions:  Julapin  (convolvulin,  jalapurgio)  and  Scammonin  (orizabin). 

PREPARATIONS — JALAP  GROUP 

J^9pa,  U.S. P..  B.P.;  Jalap. — The  dried  tuberous  root  of  Exogonium  purgs.  At 
'fW  7  ^r  cent,  of  resin.  U.S. P.;  10  [>cr  cent,,  HP.  Do^e,  i  Gm.,  15  gr.,  U.S. P.;  0.3 
'"  'o  20  gr..  B.P. 

lapa  ComposUus  (Pulv.  Jalap.  Co.),  U.S.P.,  B.P.,  Compound  Jalap 
!'.,,.,r--,  p.^rt  of  Jalap,  2  parts  Pot.  Bitart.  (flavored  with  Ginger,  B.P.).  Dose, 
'^O.,  3ogr.,  US.  P.;  o.O  to  4  Gm.,  10  to  60  gr.,  B.P.,  stirred  into  water, 

Tt.JaUp.,  B.P. — 1.5  percent,  of  resin.     Doit^  2  to  4  c.c,  }^  to  i  dram,  B.P. 

Tr.  Jaiap.  Co.^  B.P. — &  per  cent,  of  Jalap.  1.5  per  cent.  Scammon.  Res.,  i  per  cent. 
Morpeth.     Dose,  i  to  4  c.c,  ^2  t«  i  dram.  B.P. 

Rt^tina  JtiUspff  (Res.  Jalap.),  U.S.P.;  Jalap.  /?«.,  B.P. — Prepared  by  precipitating 
J*»lcDholic  extract  of  Jalap  with  water.  Dose.  0.125  Gm.,  2  gr.,  U.S.P.;  0.12  to  0.3 
^W.  3  to  5  gr.,  B.P.     Maximum  dose,  i  Gm.,  15  gr. 

SfAmmonii  Radix  (Scam.  Rad.),  U.S. P.;  Srammon.  Rod.,  B.P.;  Scammony  Root- — 
^e  dried  root  of  Convolvulus  Scammonia,  nelding  not  less  than  85"^  of  resins.  Used 
^  the  ancients.  The  constituents  are  similar  to  Jalap.  They  have  been  invesliRatcd 
■•y  Pijirer  and  Rogerson,  1912.     Dose,  0.25  Gm.,  4  gr.,  U.S. P. 

i^nk.  Scammon.  Co.,  B.P. — Scammon.  Res.,  50;  Jalap.,  35;  Ginger,  15.  Dosf, 
*6lo  1.3  Gm.,  10  to  20  gr.,  B.P. 

Rn  Srnmm.,  U.S.P.,  Smmmon.  Res.,  B.P.— Prepared  by  precipitating  an  alcoholic 
**liilion  with  water.     Dose,  0.2  Gm..  3  gr.,  US.P,;  0.25  to  o.O  Gm.,  4  to  S  gr,,  B.P. 

IponKTO-  Radix  (lporr\.  Rad.),  B.P. ;  Orizaba  Jalap  Root  (Mexican  Scammony  Root). — 
*V  dried  root  of  Ipoma.\T  orizabensis. 

*   'i/find,  B.P.  ^Pharbitis  Seeds). — The  dried  see<ls  of  Ipomcca  hederacea.     Dose, 
■  m  ,  ^o  to  45  gr..  B.P. 
u;.    Kaiad.  Co.,  B.P. — Similar  to  Pulv.  jalap.  Co.     Dose,  0.6  to  4  Gm.,  10  to  6a 

Tr.  Kaiad.,  B.P. — ao  per  cent.     Dose,  a  to  4  c.c,  3^  to  t  dram,  B.P. 
Kititd.  Res.,  B.P.— Dos*;,  0.12  to  0.5  Gm.,  2  to  8  gr..  B.P. 

Tttrpelkum.  B.P.;  Turpeth. — The  dried  root  and  stem  of  Ipomoca  Turpctbum. 
^'Me.o.j  to  1.2  Gm.,  5  to  ?o  gr  .  B,P, 

RESm  OF  PODOPHYLLUM 

ThU  acts  very  slowly,  generally  only  after  twelve  to  twenty-four  hours 

longer,  producing  several  soft  stools.     Larger  doses  (20  mg.,  V3  gr.  or 

!)  acl  as  a  bydragogue  cathartic;  but  it  is  chicdy  employed  in  small 
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doses  (5  to  10  rag.,  Mo  to  J^  gr.)  as  a 
often  combined  with  aloes  or  calomel. 


itivc  in  chronic 
0.3  to  0.5  Gm.  has  been  fl 


PR£PARATIONS — PODOPHYLLUM 
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Root). — The  dried  rhizome  and  roots  of  Podophyllum  pclutum  (>'iclding 
3  per  cent,  of  resin,  U.S. P.).     Active  constituents,  resin  and  a  crystaUti 
podophvUutoxin.     PodophyUum  was  used  by  the  Indians. 

Ftde'xt.  Podoph.,  V.S.P,— Dose,  0.5  c.c,  8  minims,  U.S.?. 

Tr.  Podoph.,  B.P. — 3.65  per  cent,  of  resin.     Dose,  0.3  to  1  cc,  5  to  15  mini. 

*  Rfsinu  PodophylH  (Res.  Podoph.),  U.S.P.;  Podoph.  Res.,  B.P.;  Rcsm  of  P 
lum  (Podophyllin).— Prepared  by  precipitating  an  alcoholic  extract  of  Pod< 
with  acidulated  water,  .\morphous  greenish -yellow  powder,  of  sliRht  (K-'cuHar 
faintly  bitter  taste.  Ver>'  irritating  to  mucous  membranes,  especially  of  I 
Sol,  in  ulc.  A  very  similar  resin  is  prepared  from  the  East  Indian  speci  * 
(literature,  Scoville,  iQog).  Dose,  lo  mg.,  H  gr.,  U.S.P.;  16  to  60  mg.,  ?4 
as  pill.     Maximum  dose,  0.1  Gm..  i^j  gr. 

Podoph.  Ind.  Rhiz.,  B.P. — The  dried  rhizome  and  roots  of  Podophyllura 
Corresponds  practically  to  Podophyllum,  also  in  the  strength  and  dose  01  its  prep 

Tr.  Podoph.  Ind.,  B.P.  « 

Podoph.  Ind.  Res.,  B.P.  U 

StUiint;,ia.  U.S.P.  (Queen's  Rootj. — The  dried  roots  of  StiUingia  sylvatica.^ 
pungent  resin  and  volatile  oil.  Used  mainly  in  domestic  medicine  in  purgative  1 
also  as  nauseant  and  emetic.     Dose,  2  Gra.,  30  gr.,  U.S.P. 

Fidtxi.  StiiUnf^.,  U.S.P.— JDo5C,  2  c.c,  30  minims,  U.S.P.  M 

Leptandra  (Culver's  Root). — The  rhizome  and  roots  of  Veronica  Vir^H 
tains  an  amorphous  bitter  principle,  and  not  a  crystalline  glucosid,  3S  formerly 
(Power  and  Rogerson,  1910).  *'Leptandrin"  is  a  resinoid.  The  preparal 
pharmacologically  inert,  but  were  supposed  to  be  cholagogue  without  produci 
tinal  irritaliun.     Dose,  1  Gm.,  15  gr. 

JugUins  (Butternut). — The  root  bark  of  Juglaos  cincrea,  collected  in 
Used  as  rather  mild  laxative.      Dose  of  extract,  i  to  2  Gm.,  15  to  30  gr. 

The  duidextract  of  the  root,  5  to  20  minims,  is  said  to  be  a  gentle  and  p 
laxative  similar  to  rhubarb,  and  was  used  in  chronic  constipation. 

Iris  (Blue  Flag). — The  rhizome  and  roots  of  Iris  versicolor.  Power  and 
igii.  could  not  find  any  active  principle,  although  the  drug  and  the  resinoid 
tt-erc  formerly  considered  cathartic  and  diuretic.     Dose,  i  Gm.,  i^  gr. 

Ifidis  Rhizoma  (Orris  Root). — The  rhizome  from  several  cultivated  S| 
has  a  violet  odor.     It  is  used  in  sachets  and  tooth  powders. 


1 


COLOCYNTH,  ELATERIN  AND  BRYONIA 

A  number  of  plants  of  the  cuhiimbcr  family  (Cucurbiiacea;)  yie 
drastic  drugs.  They  are  of  complex  composition,  each  conLa'ming 
active  principles,  resinous  and  alkaloidal.  They  produce  con 
watery  stools,  with  intense  irritation  and  hyperemia  (mechanism  di 
above).  They  are  less  used  than  formerly,  when  they  were  fre 
employed  to  reinforce  the  action  of  other  purgatives  as  m  the  Coi 
Cathartic  Pills.  Colocynth  is  excreted  by  the  kidne\'S  and  mi 
should  therefore  not  be  used  by  nursing  women.  Elaterin  is  oni 
most  powerful  cathartics,-  sometimes  used  in  uremia.  Large  dcfij 
dangerous  prostration. 

The  toxic  dose  of  Colocynth  is  0.6  to  i  Gm.;  fatal,  4  Gm. 
the  toxic  dose  is  5  mg.;  fatal,  0.6  Gm. 


PREPARATIONS — COLOCYNTH,   ETC. 


A 


Bryonia. — The  root  of  Br>'onia  alba  and  dioica.  Bryonin  and  bryoniifin 
plex  mi.\turcs.  The  purgative  action  is  due  to  non-glucosidal  resins  and 
(Power.  1012).     />(»5C,  0.6  to  4.0  Gm.  (10  to  60  grains). 

Accorning  to  Jensen,  19x5,  the  fresh  root  is  much  more  poisonous  than  I 
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The  toxic  principles  are  more  abundant  in  the  autumn.  At  that  time  the  root  contnins 
t«Q  glucosids:  bryonin,  soluble  in  water,  inactive;  and  bryonidin,  insoluble  in  water, 
parelyung  the  nervous  5}'stem  on  peritoneal  injection.  The  introduction  of  bryonia 
into  Uie  pleural  cavity  of  animals  is  said  to  produce  more  or  less  fibrous  effusion. 

Camhogh,  U.S. P.;  Gamboge. — A  gum-resin  obtained  from  Carcinia  Hanburii. 
Tbeicaa  (70  to  80  per  cent.)  contains  garanolic  acids,  which  form  readily  soluble  com- 
pottnds  with  alkalies,  and  thus  become  active  in  the  intestine.  The  effects  resemble 
thoK  of  colocyntb;  4  Gm.  are  fatal.  It  is  raoilv  used,  in  pills.  Dose^  0.125  Gm.,  3 
«r.. US.P.,  o.o^  to  0.2^  r.m.,  B.P. 

Cfilotynthin.  U.S.P";  ColocytUhidis  Pulpa  (Colocyn.  Pulp.),  B.P.;  Colocynth  (Bitter 
'^pplci— The  dried  pulp  of  the  fruit  of  CitruUus  Colocyntliis.  The  action  is  due  to  at 
Itt-st  two  constituents,  an  alkaloid  and  a  resin.  Colocynthin  and  colocynthidin  arc 
merely  impure  mixtures  ^Power  and  Moore,  1910).  Dose^  0.06  Gm.,  1  gr.,  U.S. P., 
in  pills.     Maximum  dose,  0,4  Gm.,  6  gr. 

£rf,  Colocyn.,  US. P. — A  powdered  extract,  i  Gm.  representing  4  Gm.  of  drag. 
OflK>  d.03  Gm.,  i^  gr.,  U.S.P.     Maximum  dose,  0.06  Gm.,  i  gr. 

BM.  Colocyn.  Co.,  U.S.P. — Ext.  Colocyn.,  ift  per  cent.;  .Vlocs,  50  per  cent.;  Scammon. 
Kts.,  14  per  cent.;  Cardamon,  5  percent.     Dose,  0.3$  Cim.,  4  gr.,  U.S.P. 

£«/,  Colocyn.  Co.,  B.P. — A  dry  extract  from  Colocynth,  Aloes,  Scammony  and  Car- 
rtamon.     Dose,  o.i  J  to  0.5  Gm.,  i  to  8  gr..  B.P. 

Pit  Colocyn.  Co.,  B.P. — Colocynth,  20  per  cent.;  Aloes  35  per  cent.;  Sc&mmon. 
'^**^  35  per  cent.    Dose,  0.25  to  0.5  Gm.,  4  to  8  gr.,  B.P. 

Pv.  Colocyn.  ft  Ilvoscy.,  B.P. — Pil.  Colocyn.  Co.,  3-  Ext.  Hyoscy.,  i.  Dose,  o.j 
lo  05  Cm..  4  loRgr.,  B.P- 

PHultr  Catkariica  Compositte  (Pil.  Calhart.  Co.),  U.S.P.;  Compound  Cathartic 
P^Ms — F-ach  pill  contains:  Comp.  Ext.  Colocynth,  0.08  Gm.;  Oilomel,  0.06  Gm.;  Jalap 
Resin,  002  Gm.;  Gamboge.  0.015  Gm.;  a  total  of  seven  active  ingredients.  Dose, 
two  pills.  U.S.P. 

* FJatcrinum  (Elatcrin.),  U.S.P.;  Klatcrin.~A  neutral  principle  nbtnincd  from  Kla- 
5^um,  a  sut)stancc  deposited  by  the  juice  of  the  fruit  of  Kcballium  Klaterium 
^us«d  in  antiquity).  White,  hexagonal  scales  or  prismatic  crystals;  odorless,  and 
**«\'ing  a  slightly  acrid,  bitter  taste.  Insol.  in  water;  slightly  sol.  in  ale.  (1:325). 
^•%e,  \xo  6  me.,  Ho  to  HoSr-  repealed  in  five  hours  if  necessary,  bu  mot  daily  (U.S.P., 
*  '^8  .  ^ij  KT.T-     The  dose  of  elutcrium  is  6  to  .?o  mg..  *6  to  ^<e  gr. 

Elatcrin  consists  of  two  crystalline  substances,  the  Icvorotary  or-elaterin,  which  is 
and  60  to  So  per  cent,  of  the  active  dextrorolary  ^elaterin.  Commercial  elalerin 
lic4  in  composition  and  activity  (Power.  iQii).  Klaterin  does  not  ctist  as  such  in 
the  fniii,  but  IS  formed  during  the  expression  by  a  diastatic  ferment,  acting  on  a  gluco- 
'•d  'Berg,  190Q).  1 

Dfcv-ts.  iQi  ^,  advises  elalcrium  in  hepatic  cirrhosis  to  provoke  water>'  stools  (5  to 
•5  mg.  at  ni^ht;  first  day,  two  or  three  doses).  This  rarely  causes  nausea  or  pain,  but 
''^y  act  dunng  the  night. 

Tril.  Elalerin.  US. P.— 10  per  cent.     Dose,  0.03  Gm.,  H  gr.,  U.S.P. 


^ 


CROTON    OIL 

This  contains,  besides  ordinary  fats,  about  10  per  cent,  of  *'croton- 
'tsin,"  the  active  component  (Dunslan  and  Boole,  1S95).  The  old 
"^oionolic  acid"  was  an  impure  mixture  of  this  resin  with  inactive  fatty 
*n(ls.  The  resin  produces  the  local  and  systemic  effects  of  the  oil  (Robert 
^nd  Hirscheydl,  1S90;  Bochm,  1915).  It  is  destroyed  bv  boiling  with 
illialies. 

Croion  oil  is  the  most  violent  of  all  cathartics,  J^  to  1  drop  producing 
•Jumin^  in  the  mouth  and  stomach,  often  vomiting,  and  after  one-half  to 
^*>ret  hours,  several  extensive  lluid  evacuations,  with  much  colic  and  Icnes- 
^^if.  It  is  used  only  in  extreme  cases  of  constipation  (lead),  and  in 
Jotoascioiis  patients  (uremic  and  apoplectic  coma).  It  should  not  be 
^^*en  to  weak  patients,  nor  if  the  gastro-intestinal  canal  is  inflamed. 
'"<Jc  doses  produce  collapse.  Twenty  drops  have  been  fatal,  but 
^^"^cry  is  said  to  have  followed  }^i  ounce — presumably  because  of  vomit- 
'"t  The  treatment  would  be  evacuanl,  demulcent,  opiates  and 
'/mpionuik  (directed  against  the  enteritis  and  collapse). 


2l6  MANtTAL  OF  PHARMACOLOGY 

Applied  extemaUyt  croton  oil  produces  irritation,  proceeding  to  pustulation  and 
even  sloughing.  When  diluted  with  2  to  lo  parts  of  olive  oil,  it  may  be  used  as  counter- 
irritant,  but  is  dangerous. 

PREPARATIONS — CROTON   OIL 

•  Oleum  Tiglii,  U.S.?.;  Oleum  Crotonis  (01.  Croton.),  B.P.;  Crpton  Oil.— A  fixed 
oil  expressed  from  the  seeds  of  Crotcyj^  Tigliura.  A  pale  yellow  or  brownish-yellow, 
somewhat  viscid  and  slightly  fluorescent  liquid,  having  a  slight,  fatty  odor.  Slightly 
sol.  in  ale.  Dose^  0.05  c.c,  i  minim,  U.S.P.;  0.03  to  0.06  c.c,  3^  to  1  minim,  B.P.: 
on  a  lump  of  sugar,  slice  of  bread  or  lemon.  With  unconscious  patients,  a  small 
drop  may  be  placed  at  the  back  of  the  tongue,  and  repeated  every  hour  to  three  doses. 
Maximum  dose,  0.05  c.c,  i  minim. 

Lin.  Croton.^  B.P. — 13  per  cent.,  in  equal  volumes  of  01.  Cajup.  and  alcohol.  Pro- 
duces severe  inflammation. 

COtLOm  AKB  EMOLUENX  LAXATIVES 

These  act  mainly  by  retaining  water  in  the  intestine  through  imbibi- 
tion, thus  modifying  the  bulk  and  consistency  of  the  feces,  so  that  these 
are  more  easily  expelled.  They  are  useful  in  habitual  constipation, 
especially  if  aided  by  the  occasional  administration  of  cascara.  Agar  is 
typical  of  this  class.  Id.  fruits  (prunes,  grapes,  tamarinds,  etc.)  this  colloid 
action  is  supported  by  the  organic  acids  and  sugars.  Manna  acts  through 
its  difficulty  absorbable  sugar,  the  action  being  largely  osmotic.  Petro- 
laium  is  not  absorbed  and  therefore  softens  and  lubricates  the  feces.  (Hive 
oily  in  so  far  as  it  escai>es  digestion  and  absorption,  acts  in  the  same 
manner. 

Agar-agar. — This  is  prepared  from  various  Japanese  marine  algar.  It  consists 
mainly  of  the  hemicellufose  "gelose,"  which  gelatinizes  with  water.  It  is  tasteless 
and  has  been  used  for  culinary  jellies,  but  is  not  digested  (8  to  27  per  cent,  is  utilized 
in  man;  Saiki,  1906;  Swartz,  1911;  herbivorse  utilize  about  50  per  cent.;  Lohrisch, 
1908).  It  was  introduced  as  a  laxative  by  A.  Schmidt,  1905.  J.  L.  Morse,  19x0, 
advises  the  chopped  shreds,  H  to  x  ounce  for  adults;  i  or  2  teaspoons  for  children;  part 
with  the  breakfast  cereal,  part  with  sauce  or  cream  at  another  meal.  For  chilaren, 
it  may  be  boiled  with  oatmeal,  or  made  into  a  jelly  (i :  200  boiling  water). 

O.  H.  Brown  and  Sweek,  191 7,  recommend  as  daily  dose  two  heaping  tablespoonsfuU 
in  a  quart  o  water,  boiled  t^l  dissolved,  seasoned  and  flavored  to  taste  and  preferably 
taken  hot. 

The  effect  is  usually  not  noticeable  for  nearly  a  week.  The  efficiency  is  not  ver> 
great,  and  it  usually  requires  the  addition  of  cascara  or  phenolphthalein  (Bastedo,  X914) 

PREPARATIONS — AGAR,   ETC. 

Agar,  U.S.P.;  Agar-agar. — ^The  dried  mucilaginous  substance  extracted  froza 
marine  algae  growing  along  the  eastern  coast  of  Asia.  Thin,  translucent,  membranous 
agglutinated  pieces,  yellowish-white  or  brownish-white;  odor  slight;  taste  mucilaginous 
Doscy  10  Gm.,  2^  drams,  U.S.P. 

MannCt  U.S.P. — The  dried  saccharine  exudation  of  an  Ash-tree,  Fraxinus  Omua 
Contains  mannit,  about  90  per  cent.     Dose,  15  Gm.,  4  drams,  U.S.P.,  to  60  Gm., 
ounces,  as  infusion. 

TamarinduSy  B.P.;  Tamarind. — The  fruit  of  Tamarindus  indicus.  It  owes  its  bm 
tivity  to  organic  acids,  especially  citric.  It  is  used  as  a  laxative,  in  dcses  of  4.  to  30  Gi3 
(x  to  S  drams). 

For  Petrolatum,  see  Index. 

EVACUANT  ENEMAS 

Rectal  injections  or  clysters  increase  the  peristalsis  of  the  large  aca 
small  intestines  in  response  to  the  mechanical  stimulation.  The  eflfec 
is  enhanced  by  the  addition  of  irritants. 

Enemata  have  an  advantage  over  cathartics  taken  by  mouth,  in  tbfl 
they  may  be  made  absolutely  non-irritant,  and  may  therefore  be  used  i' 
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i^ndilions  in  which  the  other  cathartics  are  positively  contraindicaled. 

the  purpose  of  the  enema  be  merely  to  soften  hardened  scybala,  they 

)uld  be  used  warm,  in  copious  quantities,  preferably  with  soap;  or  as 

:ociion3  of  mucilaginous,  substances. 

To  secure  the  maximum  motor  effect,  the  injection  must  l>e  used 
cold,  and  in  fairly  large  quantity:  Adults  a  pint,  quart,  or  more;  children 

:ording  10  age  (at  a  year,  an  ounce,  and  about  !*»  ounce  more  for  each 

ID.     Water  and  bland  oils  are  also  often  used  by  hij>;h  injection. 

The  irritants  which  arc  most  commonly  used  in  clysters  are:  Soap; 

>lasseSf  i:8:  salt,  1:16;  turpentine,  1:20  (emulsified  with  egg-yolk); 
fiilc.  1 :5o. 

Encmata  also  have  other  uses:  For  local  effects  on  the  rectal  mucous 
membrane  (astringents,  etc.);  for  the  removal  of  parasites;  and  as  a  method 
of  introducing  medicine  and  nourishment. 

Irritant  injections  into  the  colon  may  cither  inhibit  the  emptying  of  the  stomach, 
bj- pyinrir  spasm;  nr  on  the  other  hand,  they  may  shorten  the  gastric  sojourn  by  in- 
Ottied  peristalsis  (F,  W.  White.  1917,  x-ray  method  with  cats). 


ANTHELMINTICS 


^^^  General  Statement.— Anthelmintics  {anti,  against;  helminihos,  worm) 

^^R  remedies  used  against  intestinal  parasites. 

1^^  Active  peristalsis  lends  to  remove  intestinal  parasites,  as  well  as  the 
oiiiCT  intestinal  contents.  Active  cathartics  are  therefore  Vermifuges — 
'■'-.drugs  which  expel  parasites.  But  these  parasites,  when  in  good  con- 
'^ilion,  are  endowed  with  remarkable  faculties  of  maintaining  their  position 
'n  the  intestines — by  traveling  in  the  direction  opposite 'to  peristalsis,  or 
^  fixing  themselves  to  the  intestinal  wall  by  means  of  suckers  or  hooks, 
Or  by  their  serrated  margins,  etc.  It  therefore  becomes  necessar>-  to 
lower  their  vitality.  This  may  be  done  to  some  extent  by  appropriate 
diet.    But  this  is  rarely  sufficient,  and  it  is  generally  necessary  to  employ 

RUR8  which  will  paralyze  them — Vermicides.  Since  the  latter  present 
Die  danger  to  the  host  as  well,  they  should  be  used  in  the  smallest 
BC5.  The  vermicides  but  rarely  kill  the  parasites;  these  usually  recover 
they  remain  in  the  intestine.  It  is  therefore  necessary  to  follow  the 
^  rmicide  by  an  active  cathartic,  a  saline,  jalap,  or  calomel.  Oily  cathar- 
"Cs  must  be  avoided,  since  they  favor  the  absorption  of  most  anthelmintics. 
Preliminary  Dietary  Measure, — The  administration  of  anthelmintics 
^s  Usually  preceded  by  a  fast,  so  that  the  parasites  will  not  be  protected 
^y  the  diluent  effect  of  the  intestinal  contents.  It  is  very  doubtful 
whether  thb  weakens  the  parasites  by  starving  ihem,  as  has  been  sug- 
?tsl^i.  It  is  more  likely  to  weaken  the  patient  and  to  hasten  absorption 
L^l  the  poison.  The  fast  should  therefore  not  be  severe.  It  suffices 
^^pally  to  eat  a  light  supper  on  the  preceding  evening,  to  administer  the 
^^?  in  the  early  morning,  and  to  delay  breakfast  for  several  hours. 
^^i<>uld  vomiting  occur,  it  is  safer  to  postpone  further  dosage  for  a  few 

"ilys 

Adjuvant  Condiments, — Mustard,  pepper  or  onions  are  recommended 
*"  be  used  freely  in  the  preparatory  supper.  These  are  in  fact  fairly 
^ivc  vermicides,  and  whilst  not  sufficiently  powerful  alone,  they  aid 
^•terially  the  medicinal  vermicides  (Sollmann,  19 18). 
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Vermicides. — Many  substances  would  be  poisonous  to  parasites;  but  they 
generally  also  poisonous  to  the  patient.  A  vermicide  must  have  special  proper 
it  must  either  be  specifically  toxic  to  the  worms,  or  it  must  lie  pcxirly  absorbable. 

Many  anthelmintic  principles  are  volatile  orrhcmirally  nnslahlf.and  therefore  bee 
ineffective.  The  pharmaceutic  extracts  or  isolated  principles  share  this  instabi 
although  to  a  less  dcKree. 

It  is  more  than  probable  that  these  parasites,  as  most  other  forms  of  life,  sfai 
peculiar  susfeptihilUy  to  certain  poisons.  There  is  some  hope  that  further  resell 
will  brlnR  forth  specific  vermicides.  At  present,  the  following  data  have  been  gathd 
largely  from  empirical  observations: 

Specific  Vermicides. — The  most  efficienl  for  Tapeworms  are 
Fern  (especially  for  BoLhriocephalu.s);  Pellelierin  (cspeciaMy  for  Tan 
and  Kosoioxin,  for  Routui  Worms,  Santonin,  Chenopodium  and  Spigel 
Thrci^i  Worms  are  treated  most  effiriently  from  the  rectum  by  ene 
Thymol  (see  Index}  and  Chenopodium  are  used  for  Hook-u 
Aspidium  is  also  said  to  he  effective  against  Hook-worm. 

Since  the  vermicides  are  under  no  circumslances  absolutely  safe 
should  never  be  given  unless  the  parasites  or  their  eggs  are  actu 
demonstrated  in  the  feces. 

Efficiency  of  Anthelmintics  as  Tested  an  Eartkuforms. — All  clinical  anthelmintics 
markedly  toxic  to  earthworms.     These  may  therefore  be  used  to  determine  whcth 
substance  has  any  anthelmintic  value,  and  to  compare  the  relative  activity  of  differ) 
samples  of  a  drug.     They  could  not  be  used,  however,  to  compare  the  clinical  value 
different  anthelmintics;  since  this  often  involves  fnctors  other  than  simple  vermicS 
efficiency,  ^mch  as  toxicity  for  the  patient,  irritution  of  the  inleslines,  etc. 

The  following  are  some  of  the  more  important  results  observed  on  earthwod 
(SoUmann,  iqi8}. 

Highly  effective  arc  Aspidium,  bctanaphthol,  carvacrol,  chenopodium  oil,  cU 
form,  dihrom  and  dichloroenzol,  uellcticrin  and  thj'mol.  Santonin  is  also  tngl 
active  in  the  presence  of  a  suitable  solvent  (mixture  of  bde  salts  and  sodium  bicarbonitt 
Fresh  pumpkin  and  squash  seeds  arc  quite  efficient,  the  active  principles  being  sohjoj 
in  water,  and  injured  by  boiling. 

Fairly  efficient  are  granatum.  kamala,  kousso.     Spigelia  is  weak. 

Combiftation  of  Anlhclminlits — Spices  and  similar  ''sharp"  substances,  mustaf 
onions,  pepper,  also  cantharidin,  arc  quite  toxic  and  seem  to  potentiate  the  effects" 
other  anthelmintics.  Mixtures  of  other  anthelmintics  give  simple  summation  of  iW 
effects  on  the  worms;  but  such  mixtures  are  perhaps  useful  by  decreasing  the  toxidi 
for  the  patient.  i 

Expulsion  of  Worms. — Most  drugs  that  are  toxic  to  earthworms  produi 
primary  irritation  or  agitation,  resulting  in  withdrawal  of  the  worm  froi 
the  neighborhood  of  the  poison.  This  is  probably  an  important  factor! 
the  clinical  effect  of  vermifuges. 

ASPIDIUM  OR  MALE  FERN 

Composition. — The  anthclmtnlic  action  resides  m  several  cloM 
related  substances,  complex  methane  derivatives  of  phloroglucin  aj 
its  homologues,  with  butyric  radicles  in  ketone  combination  (Boehni 
1897).  The  most  important  is  probably  the  amorphous  ftlicic  ad 
Analogous  compounds  occur  in  several  other  anthelmintic  drugs  (R 
lerin  in  Kamala;  Ascarido!  in  Chenopodium;  Tanacctin  in  Tanacet 
'd  Cusso). 


*Uuents  of  Aspidium  (Poulsson.  r8Qi;  Boehm,  1807)  arc:  Amorp) 

>ii);  AspiJmin;   Albagpidinin;   Flavaspidic  acid  (weak);  Asp 

spedca).     The  amorphous  filmaron  (.CitHmOu;  Kraft;  Jacql 
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1904)  »  perhaps  an  impure  filicic  add  (Schmicdebcrg).  Tkr  inactive  comtiiucnts  arc: 
ibc  a>'sUlline  tUicic  acid  or  filicin  (CstHaaOn).  and  aspidinol.  The  cryslalUne  fiUric 
tdd  h  the  lactop  of  the  active  amorphous  acid,  the  two  being  readily  converted  into 
rach  other.  This  probably  orplains  the  deterioration  on  keeping  the  root.  All  these 
suluunces  are  so  closely  relatea,  and  change  so  readily  into  each  other  that  our  knowl- 
edge U  ver>'  confused;  even  the  elementary  formula:  are  in  dispute.  Aspidium  also 
lontiins  vobtile  and  fixed  oil,  tannin,  etc.  Fdicic  acid  is  decomposed  in  the  body, 
yielding  trimcthylphlorogludn.  Filkink  acid  is  an  inactive  artificial  reduction  product 
of  olidc  acid  or  aspidin. 

Actiotts.— Active  ftlicic  acid  probably  paralyzes  the  muscles  of  the  parasites  wiUtout 
»fecting  the  nerves;  at  least  it  has  this  action  in  rain-worms,  (W.  Straub,  1902).  This 
hubcen  utilized  for  the  standardization  of  6Ux  preparations  (Yagi,  IQ14).  In  frogs, 
jtpu&lyxes  the  central  nen'ous system,  the  heart  and  skeletal  muscJeft.  In  mammals, 
>t  produces  local  gastro- intestinal  irritation  followed  by  tetanic  convulsions  with 
i^mnltaneous  central  and  cardiac  paralysis. 

Administratioii. — Aspidium  is  used  against  tapeworms  and  hook- 
worm. iLs  rei)uLation  dates  from  the  ancients.  The  oleoresin  is  admin- 
LMercd  in  capsules  of  }"i  to  2  ex.,  or  emulsions.  If  a  cathartic  is  given,  if 
no  oil  is  taken  and  if  the  patient  is  vigorous,  the  ordinary  doses  cause  little 
disturbance.  If  unsuccessful,  several  weeks  should  elapse  before  another 
^uimiuistration. 

Phenomena  of  Poisoning. — This  may  occur  even  with  moderate  doses 

(Sidler  Huguenin,   iSqS);  and  larger  doses  are  dangerous.     Four  grams 

of  the  oleoresin  have  produced  severe  poisoning,  but  20  Gm.  have  been 

^ivcD  without  toxic  effects  (Drenkhaw,   iqii).    The  milder  symptoms 

*-*onsist  in  colic,  diarrhea,  headache,  dizziness,  dyspnea,  yellow  vision, 

*nd  sometimes    temporary   blindness.     Severe   cases   showed    delirium, 

^^leni  muscle-cramps,  syncope,  tonic  convulsions  and  coma;  often  glyco- 

^^uia,  albuminuria  and  casts,  and  icterus;  death  occurs  by  respiratory 

paralysis. 

Recover>''  is  slow,  often  with  permanent  blindness  (Stuelp,  1904). 
T'his  occurs  also  in  animals.  It  is  due  to  spasm  of  the  retinal  vessels,  with 
**ibsc(|uent  optic  atrophy  (Harnack,  1912), 

The  treatment  would   be  evacuant,   demulcent   and   symptomatic. 


PREPARATIONS — ASPIDIUM 


AspiJium,  U.S.P.;  FUix  Mas,  BP.  (Male  Fern). — The  rhizome  and  stipes  of  Dryop- 
^^ris  FUix  Mas  and  marginalise  using  only  such  portions  as  have  retained  their  green 
color     Doif,  4  Gm.,  tx>  gr,,  U.S.P. 

*OUorerina  Aspidii  (Oleores.  Aspid.),  U.S. P.;  RxS,  Filich  liq.,  B.P.  (Oleoresin  of 
■^*Je  Fcmi. — An  evaporated  ethereal  extract  (containing  at  least  20  per  cent,  of  filicin, 
ftp  I  Gr.xnish  oily  liquid,  often  containing  a  cr>'stalUnc  sediment  which  should  t»e 
1^  heforc  dispensing.     Disagreeable  taste  and  odor.     The  oleoresin  preserves 

'^  iodeiinitelv-     The  crystalline  de(>o&it  ts  inert   (SoUmann,    igiS).     Dose^ 

'  tiin.,  jo  gr.,  U.S.P.  (Caution;  not  repealed  on  same  day);  45  to  90  minimA,  B.P.;  in 
^^wula  or  emulsion.     Maximum  dose.  \s  Gm..  4  drams. 

Xntrfktnu  FUicic  Acid,  N.N.R. — 0.5  to  i  Gm.,  fUmoTon  Oii.,  N.N.R.,  10  per  cent, 

Cuuff,  B.P.;  Kousso  (Brayera). — The  pistillate  flowers  of  Brayera  anthelmintica. 
'The  mAle  flowers  are  powerfuly  emetic,  and,  thcr*.forc.  uscle^  as  vermicides  )  Con- 
^^^hsotoiirtt  retate^l  to  filicic  acid  (Lcichsenring,  1S94;  Lobectc,  1901).  Dose.,  8  to  16 
^.  J  to  4  drams,  B.P.,  as  infusion. 

hrc  in- Tnnt.  ;ind  apt  to  be  promptly  vomited;  said  to  depress  the  heart;  disagreeable 
Mc  unless  quite  fresh. 

Jerai.^Tbe  glands  and  hairs  from  the  fruit-capsules  of  Mallolus 
^ """piifciiitj.  Contains  RottUirin,  related  to  filicic  add  (Telle,  1907;  Semper,  1910J. 
'**",  ID  Gm,.  3*7  drams. 
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CHEROPODIUM  OIL 

The  oil  distilled  from  American  Worm-seed  is  a  very  effective  anti 

minlic,  especially  against  round  worm,  hook-worm,  and  intestinal  amel 
Against  hook-worms,  it  is  equally  or  more  successful  than  thymol,  and! 
less  unpleasant.     It  docs  not  require  a  preliminary  fast,  and  does 
usually   make  the  patient  sick   (Coutant,   igi6).     It  is  relatively 
although  the  full  doses  are  sometimes  toxic. 

Efficiency. — Brucning,  1906,  igu,  found  that  chcnopod 

a  low  toxicity  for  mammals.     Subsequent  experience  has  shown  rhe 
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for  ascans.  a 

podium  oil  to  be  effective  af^ainst  all  formsof  intestinal  parasites,  including  hook -wo! 
parasites  that  infest  the  large  intestines,  such  as  oxyuris  and  whipworms;  and 
against  intestinal  amchas. 

Efficiency  Against  Hookworm. — SchuefTner  and  Verwoort,  1913,  found  it  di 
fully  equal   to   thymol,  and  superior   to  bcta-naphthol   or  cucalj'ptol.     Bishop  a 
Brosins,  ipT5,  consider  it  more  efficient  tlian  thymol,  with  the  further  ad\'antagr 
easier  administration.     In  the  Orient,  accordinj^  to  Heiser,   1015,  the  clinical  resuH 
have  been  superior  to  other  hook-worm  remedies. 

Darling  rf  f]/,  igiH,  again  found  it  more  efficient  than  thymol,  against  anchylofltonm 
Necators  are  less  resistant. 

Effi^irnfy  Hf^ainst  .'I  vraWr. — M    C.  Hall  and  Foster,  IQ17,  found  that  it  surpassrd 
other  drucs.     They  insist  that  it  should  be  given  with  castor  oil. 

Other  InteMinal  Worms. — Darling  et  al,  1918,  discuss  its  eflSciency  against  uoHs 
clonorclm,  tenia,  oxyuris  and  trichuris. 

Mechanism  of  Action. — The  effects  on  the  worms  arc  similar  to  santonin,  v 
periphenil  stimuktion,  followed  with  large  doses  by  paralysis  (Trendelenburg,  iQij 

Administration. — Ordinar)*do5cs  do  not  kill,  but  merely  paralyzes  the  worms,  so iW 
it  must  l>e  given  with  a  cathartic,  usually  castor  oil.  Oils  do  not  increase,  but  rathd 
diminish,  the  toxicity  ^Salant  and  Hengis,  igi5). 

Dfixage  against  Asraris.~Vnr  children  5  to  10  drops  of  the  oil  are  given  on  su, 
two  or  three  times  a  day  for  two  days,  and  followed  by  a  tablespoon  of  castor  oil  (L07 
1914).  ^ 

Dosage  against  Hookworm. — The  routine  of  the  Rockefeller  Commission  (ipt? 
consists  m  a  ighl  evening  meal,  followed  by  a  purgative  dose  of  magnesium  5ulph>tft 
In  the  morning,  the  patient  receives  some  milk  followed  by  .^  doses  of  chenopodium  08 
each  of  0.5  c.c.  on  a  teaspoon  of  granulated  sugar,  an  hour  apart.  Two  nours  if' 
the  last  dose,  magnesium  :^ulphutc  is  again  given. 

The  course  is  repeated  every  three  to  five  days,  until  the  parasites  have  disapport 
from  the  feces.  The  dosjige  for  children  is  i  drop  per  year,  on  sugar.  The  treatmei 
may  be  contraindicated  during  fever  or  acute  gastro-intestinal  inflammations. 

Darling  ti  al,  1Q18,  found  such  treatment  more  effective  and  less  toxic  than  doul 
the  dose  in  one  treatment. 

Bishop  and  Brosins.  1915.  advise  an  even  more  simple  lechnic,  requiring  nodietil 
preparation.  The  oil  is  used  in  capsules  of  0.5  c.c.  For  adult:$,  three  doses,  each 
I  c.c,  are  given  at  intervals  of  two  hours.  Castor  oil,  2  ounces,  is  administered  f( 
hours  after  the  last  dose.  For  convenience  in  collecting  the  stools,  the  treatment 
usually  started  in  the  evening. 

Coutant,  191O,  simply  gives  10  drops,  half  an  hour  before  a  light  breakfast,  rrpcil 
for  three  mornings.     1  he  other  meals  are  as  usual. 

Amebic  Dysentery.^Chenopodium  administered  as  for  hookworm  promptly  reUei 
the  clinical  symptoms  of  subacute  and  chronic  amebic  dysenteries  and  causes 
disappearance  of  the  amebas  from  the  stools.     Chenopodium  is  often  successful 
patients  and  carriers  that  have  resisted  emetin,  because  of  the  encysted  amebas. 
lapse  may  occur,  but  not  oftencr  than  with  ipecac  (E.  L.  Walker  and  Emrich.  ig 
Barnes  and  Coot.  1918). 

Minor  Side  Effects  of  Therapeutic  Doses.— Xeariy  a  third  of  the  patients  react 
some  degree  of  dizziness,  nausea,  vomiting,  tingling  in  hands  and  feet,  tcmporar>' 
or  general  depression  (D.  A.  Roth,  1918).     Dizziness  and  nausea  are  tne  most 
Vomiting,  sometimes  with  streaks  of  blood,  occurs  in  about  %  of  the  cases, 
with  the  dosage  (Darting  ct  at,  1918). 

occurs  in  20  per  cent.     It  varies  in  intensity  from  a  disagreeable  al 

'Ictc  bilateral  loss  of  hearing,  lasting  usually  for  a  week  to  several  monl 

*  still  present  after  2  years  (Roth,  Oppikofer,  1919).     Thymol  does 
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Serere  Human  Intoxications. — These  arc  rare,  and  generally  attributable  to  gruss 
over-dosage.  However,  severe  poisoning  has  been  described  after  i  doses  of  lo  minims, 
ihoors  a|>art  (Coutant,  19:6),  and  death  has  occurred  after  j  treatments  with  3  c.c. 
wtthin  a  week.  The  symptoms  arc  those  of  Ihe  minor  case*;,  but  terminate  in  coma» 
tkdiycardia  and  convulsions.  Death  occurs  usually  after  2  or  j  days  of  coma  (Levy, 
iiju;  ^ifL-rt.  Nencnwirk,  1915,  paye  140;  DarlinR  fi  at,  igiS). 

Treatment. — This  would  consist  in  purgatives  and  stimulants  (Mottcr.  1Q14). 

Tone  £0ects  on  Animals. — These  have  been  studied  especially  by  Salant  and  his 
co-workers,  igio-ioio.  The  toxicity  varies  greatly,  even  with  intravenous  injection. 
It  isincrci^-d  by  star\'ation,  diminished  by  abundant  diet.  Cumulative  effects  have 
ilsobecn  ob5er\eii. 

luUct  animals  first  show  depression  of  the  higher  centers,  then  convulsions.  There 
cardiac  fall  of  blood  pressure  and  organ  volume,  with  slowed  heart  and  decreased 
Vipi«  irritability.  Somewhat  larRer  doses  also  decrease  the  rate  and  amplitude  of  the 
Rspinilion.  independently  of  the  circulation.  Peristalsis  is  diminished,  by  intravenous 
tB^ection.  as  well  as  in  the  excised  intestine.  The  depression  is  antagonized  by  barium, 
but  not  by  pilocarpin.  Renal  irritation  is  also  evidenced.  Casein  antagonizes  the 
respiratory  depression;  epinephrin  and  digitalis  the  cardiac  depression  (Salant  and 
Livingston,  iqiA). 

Oral  and  hypodermic  administration  may  cause  reMal  disturbance  in  rabbits  fed  on 
tats,  but  not  in  those  fed  on  carrots  (Salant  and  Bengis,  1917). 

Absorption  and  Excretion. — The  oil  is  absorbed  from  the  Itgated  stomach  and 
especially  from  the  small  intestine.  The  excretion  occurs  partly  by  tlie  lungs  (Salant 
Mid  Livin>;strjn,  iqi|;J. 

ConstitueDts  and  Relation  to  Tojdc  Effects. — Alsbcrg,  1913,  attributed  the  eil^cicncy 
of  chcnnpodiuni  nil  mainly  to  "ascaridol."  M.  C.  Hall  and  Hamilton,  iqiS.  on  the 
otWr  hand,  consider  this  as  le«s  efficient  and  much  more  irritant  than  the  more  abundant 
fnttioQ  thai  ilistills  at  lower  temperatures.  Pittenger,  1920,  also  claims  that  the  more 
*«Ulilc  fraction  is  less  emetic. 


PREPARATIONS — CHENOPODIUM 

*(Meum  Cktnoporiii  (01.  Chcnopod.),  U.S. P.;  Oil  of  Chcnopodium  (.Vmerican 
^onn-secd). —  A  volatile  oil  distilled  from  Chenopodium  ambrosioides  anthclminticum. 
R»K.  a.:  cc,  3  minims.  II.S.P 

PELLETIERIN 

This  is  a  mixture  of  alkaloids  obtained  from  Pomegranate  bark.  It 
ictsinuch  more  powerfully  on  Taenia  than  on  Ascaris  (v.  Schroeder,  1884; 
*lw  effects  on  higher  animals).  Decoctions  of  the  bark  have  been  used  as 
Jipeworm  remedy  since  the  Romans;  but  the  Uirge  amount  of  tannin  (20 
^  ^  per  cent.)  often  causes  vomiting,  so  that  the  alkaloids  are  preferred. 
TW  are  generally  given  in  the  form  of  the  lannates  to  avoid  gastric 
•Station,  employing  the  usual  preparation  of  the  patient.  The  ordinary 
*W  often  causes  mild  toxic  symptoms:  vertigo,  dimmed  vision,  great 
*wVne5S  and  cramps  in  the  legs,  formication,  convulsive  trembling,  etc. 
•oxic  doses  produce  promptly  mydriasis,  partial  blindness,  violent  head- 
*^*>e,  vertigo,  vomiting  and  diarrhea,  profound  prostration,  sometimes 
convulsions  (Landis,  1889). 

.  Jt.*w  CoHxlitnenti. — Tanret,  iftjS,  found  two  active,  liquid  volatile  alkaloids,  Puni- 
JSind  iKiiiunicin.  There  are,  further,  two  less  active  alkaloids,  Methylpunicin  and 
•yuriapunicin.  More  recently,  K.  Hess  and  Eichcl,  1918,  have  worked  on  the  scpara* 
^of  tke  alkaloids  and  determined  their  chemical  structure. 


PREPARATIONS — PELLETIERIN.    KTC. 

*PfUdi<nn<r  Tanncs  (Pellet.  Tann.).  U.S. P..  B.P.;  Pelletierin  Tannatc.— A  mixture 

**  t3)c  tannates  of  alkaloids  obtained  from  the  bark  of  the  root  and  stem  of  the  Pome- 

Pinjtc. 

Con^mcrcial  peUetierin  tannate  is  of  rather  variable  composition,  containing  from  17 

'  f  ccni.  of  alkaloid  (L.  E.  Warren,  1918).    The  vermicidal  efficiency  of  diffcrenl 

Hoe*  not  differ  greatly. 
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The  official  tannate  occurs  as  light  yeltow.  amorphous  powder,  of  astringent  taste. 
Incompletely  soluble  in  water  (1:340),  dissolving  readily  on  very  dilute  hydrochloric 
acid.  Soluble  in  alcohol  fi:i6).  Doie^  0,35  Gm.,  4  gr.,  U.S.P.;  0.12  to  0.5  Gm., 
J  to  8  gi.,  B.P.;  suspended  in  water. 

A  nostrum  sola  as  "Tanrct's  pelletierin"  is  a  dilute  syrup,  without  apparent 
advantage. 

Granatum,  U.S. P.;  Pomegranate. — The  dried  stem  and  root  of  Punica  Granatum. 
Dos€,  2  Gm.,  .^o  gr.,  U.S. P.  ^_ 

Decoct.  Granoi. — 20  per  cent.    Dostf  15  to  60  ex.,  ^  to  a  ounces.  |B 

Fldfxt.  Granai.,  U.S. P. — Dose,  2  c.c,  30  minims,  U.S.P.  ^| 

Areca. — The  fruit  of  Arcca  Catechu.  Contains  vcrmicidal  volatile  alkaloid  (Are- 
colin).  Areca  is  used  only  in  veterinary  nacdicine.  Arccolin  stimulates  peristalsis 
(Paetz,  igio).  Arecalin  kydrohromid  has  been  used  locally.  .^  to  i  per  cent.,  as  miotic 
(smarting). 

Pepo^  U.S.P. ;  Cucurbiia  Semina  PrtepartUa  (Cucurb.  Sem.  Praep.,  B.P.;  Pumpkin 
Seed,  Melon  Pumpkin  Seed. — The  dried  (fresh,  B.P.)  ripe  seeds  of  Cucurbita  Pepo 
(maxima).  Dose,  30  Gm.,  i  ounce,  U.S.P.;  100  Gm.  bruised  to  a  cream  with  water  or 
milk.  B.P. 

Pumpkin  or  Melon  Seeds,  fresh  or  at  least  not  over  a  year  old,  arc  eaten  in  ^  ounce 
doses,  on  the  day  preceding  the  regular  treatment.  They  arc  not  sufficiently  active 
themselves,  but  serve  to  support  other  measures.  They  were  investigated  chem- 
ically and  pharmacologically  by  Power  and  Sal  way,  igio;  but  none  of  the  constit- 
uents had  any  action  on  the  host  or  pamsitcA.  Weinblum.  iqi2,  found  neither  alka- 
loids nor  glucosids,  and  also  considers  the  action  very  unreliable.  The  carthwor^ 
test,  however,  shows  that  fresh  seeds  arc  actively  vermicidal  (Sollmann).  ■ 

The  fresh  *'milk"  of  the  cacoanui  is  also  said  to  be  anthelmintic.  ■ 

iSpi^elia,  U.S.P.;  (Pink  Root). — The  dried  rhizome  and  roots  of  Spigelia  roarilandica. 
It  is  said  to  stupefy  round  worms,  but  the  earthworm  test  shows  only  a  feeble  actixTty 
(Sollmann,  1918).  It  contains  a  bitter  acrid  resin;  a  poisonous  alkaloid;  volatile  oil.  etc  - 
Little  is  known  of  its  action.  Toxic  eSects,  which  are  rare,  resemble  those  of  pelleticria  . 
Dose,  4  Gm.,  60  gr.,  U.S.P. 

Fldcxi.  Spif^el.,  U.S.P.— i>we,  4  c.c,  1  dram.  U.S.P. 

Butea  Semina-,  B.P.;  Butea  Seeds. — The  seeds  of  Butea  Irondosa.     Used  in 
as  anthelmintic. 

Puh.  BuUa  Sem.,  B.P. — Dose,  0.6  to  1.2  Gm.,  10  to  ao  gr.,  B.P. 


SANTOPnW 


General  Statement. — Santonica  has  been  a  favorite  remedy  against 
round  worms  since  Dioscorides.  It  is  also  used  against  pinworms  if  these 
have  ascended  beyond  the  reach  of  enemas.  Santonin  is  insoluble,  noti- 
irrilant  and  almost  tasteless,  and  is  therefore  easily  administered  tc 
children.  It  may  bo  mixed  with  some  sugar,  and  combined  with  calomel 
or  castor  oil,  which  does  not  increase  its  absorption.  To  children  of  two 
to  five  years,  0.03  Gm.,  li  gr.,  may  be  given  every  hour  for  two  or  three 
doses,  according  to  age,  and  then  not  relocated  for  at  least  three  day*- 
The  adult  dose  would  be  three  limes  as  much.  It  should  not  be  given  ofl 
an  empty  stomach,  since  this  would  favor  absorption.  ^ 

Santonin  is  the  lacton  of  santonic  acid.  It  is  dissolved  in  the  int^a 
line  as  sodium  santoninate,  and  the  greater  part  is  eliminated  unchanged 
in  the  feces.  A  small  amount  is  absorbed,  oxidized,  and  the  derivatives 
(especially  the  crv'stalline  Sanio^cftin,  Jaffe,  1800)  are  excreted  by  tb* 
urine.  An  unknown  derivative  imparts  a  bright  yellow  color  to  the  urine 
when  acid,  changing  to  pink  when  alkaline. 

Doses  but  little  above  the  ordinary  cause  "yellow  vision,"  persisting 
for  some  hours,  without  other  bad  effects.  Overdoses  produce  serious 
poisoning.  Santonin  should  therefore  only  be  sold  on  prescriptions.  The 
Troches,  by  their  resemblance  to  candy,  are  especially  liable  to  prodi 
accidental  poboning. 
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Action  on  Wonns. — It  woa  formerly  belic\'ed  that  jiantonin  is  not  directly  toxic  to 
worms,  but  that  they  attempt  to  escape  from  it,  and  thus  tlcc  into  the  large  intealiae, 
from  which  they  are  evacuated  by  the  purgative.  However,  the  apparent  harm- 
lcsHie«&  was  due  to  the  failure  to  imitate  the  solvent  action  of  the  intesUne.  Solutions 
of  santonin  in  dilute  bile  and  sodium  bicarbonate  mixtures  are  highly  tojric  to  earth- 
worms. The  irritant  effect  on  worms  plays  a  part  in  securing  their  expulsion,  but  this 
cttect  does  not  differ  from  that  of  other  anthelmintics. 

Mechanism;  Relation  to  Structure. — This  has  been  studied  by  Trendelenburg, 
igi5,  on  niiu-worms,  leeches  and  ascaris.  It  consists  in  strong  stimulation  (increased 
tonus  and  contractions)  of  the  muscle,  persisting  after  removal  of  the  ganglia.  The 
cfiecl  is  highly  spccihc,  sinrr  it  is  not  proauccd  in  anything  like  the  same  degree  by  other 
wbstances  (although  some  alkaloids  have  a  weak  action);  nor  does  santonin  stimulate 
vertebrate  muscle.  It  is  connected  with  the  lactone  structure,  as  is  also  a  depressant 
effect  on  the  isolated  frog  heart.  The  convulsant  effect  on  mammals,  on  the  other  hand, 
^not  depend  on  the  lactone,  but  on  the  naphthalin  nucleus. 

The  Phenomena  of  Severe  Intoxication.— These  are  vomiting,  colic 
and  diarrhea,  painful  micturition,  hematuria,  headache  and  vertigo, 
weakness,  somnolence;  finally  convulsions  (which  may  be  unilateral),  and 
(all uf  lemperaiure  (Binz,  1877;  Harnack,  iqoi). 

Treatment. — This  would  consist  in  evacuation;  chloroform  inhalation 
against  the  convulsions;  and  stimulants  against  collapse. 

Fttil  Dose. — In  children,  0.06  Gra.,  1  gr.,  has  produced  serious  poisoning,  and  two 
wdi  doses  have  been  fatal;  in  other  cases,  o.  18  Gm.,  3  gr.,  caused  only  light  symptoms, 
u»d  recovery  has  occurred  after  0.72  Gm.,  11  gr.  By  adults,  0.5  to  i  Gm.  ana  more 
hn  been  Utken  without  damage  (Lcwin). 

The  Color  of  the  Urine. — This  may  be  confused  with  that  of  emwlin  (rhubarb,  etc.). 
Tfce  onodiii  colors  can  be  shaken  out  with  ellier,  or  precipitated  by  lime  or  barium 
'Iter,  while  the  santonin  color  can  not. 

Xanthopsia. — Doses  as  small  as  o.i  Gm.  may  cause  "yellow  vision" — i.*.,  white 
B^t  has  at  tirst  a  \'iolct,  then  a  yello\^ish-Rrccn  hue,  and  these  colors  tint  the  entire 
feWof  \'isinn.  The  power  of  seeing  in  dim  light  is  also  lessened.  It  has  been  demon- 
■tnted  that  these  effects  arc  peripheral  (Knics,  1804).  and  the  theory  is  advanced, 
bucdoasome  exp>erimentai  data,  that  santnnin  impairs  Ihc  reproduction  of  the  visual 
Wipleind  violet,  which  are  at  first  used  ver\-  rapidly.  There  is  no  truth  in  the  state- 
f^m  that  it  discolors  the  media  of  the  eye  fFiIchn<^  1900). 

Colored  v\s  on  also  occurs,  but  more  rarely  with  amyl  nitrite,  picric  or  chromic 
'■id.  mid  di^tali-'i  Mc  Schwcinitz,  1899). 

Utic  Acid  Elimination. — This  is  increased  by  Santonin,  as  by  other  intestinal  irri- 
'wtslAbl.  IQ13). 

Other  Uses,— Santonin  has  been  used  in  epilepsy  and  in  diabetes,  but  with  little 

PREPARATIONS — SANTONIN 

*Satiioniniim  (Santonin. j,  U.S.P.,  B.P.;  Santonin,  CuHihOi. — The  inner  anhydrid 
"fUcton  of  santonic  acid  obtained  from  Santonica.     Colorless  crystals  (turning  3'ellow 
^exposure  to  light);  odorless  and  nearly  taste'ess  when  first  placed  in  mouth,  but  after- 
»U'j  developing  a  bitter  taste.     Very  slightly  sol.  in  water,  sol.  in  ale.  (1:43).     Dose, 
1  .  1  gr.,  U.S. P.;  0.0ft  to  0.2  Gm.,  i  to  j  gr.,  B.P.;  in  powder,  with  a  little  sugar. 
:ra  dose,  0.2  Gm.,  3  gr, 
nica,  "Levant  Worm-seed**  (really  the  unexpanded  flowerheads  of  Artemisia 
ral.  also  contains  cincol.  but  this  has  no  action  on  ascaris  (Hruening.  toi  :)■ 
•  'Aft  Santonin..  B.P.;  Santonin  Lozenges. — Each  contains  0.06  Gm.,  i  grain. 


%rERMICn)ES    FOR    THREAD    WORMS    (OXYURJS) 

These  are  usually  treated  most  efficiently  by  the  rectal  injection  of 

irritants.    The  rectum  is  first  washed  with  injections  of  iron, 

or  hitlers  (quassia),  to  limit  the  secretion  of  mucus,  and  is  then 

with  solutions  or  emulsions  of  salt  (3  ^  topt.),  aloes  (3j  topt.)i 

;-^ufpcntine  (3ij  to  pi.),  etc.     Mercury  sails  are  sometimes  used  as 

"ejection  or  suppository  but  are  dangerous. 
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CONVULSANT  POISONS 


Convulsions  may  be  caused  by  direct  stimulation  of  the  muscles  ( 
atrin) ;  or  of  efferent  motor  nerves  (physostigmin,  aconitin) ;  or  by  refi 
from  strong  afferent  stimulation;  or  by  stimulation  of  the  motor  cer 
in  the  cord,  medulla  or  brain,  either  directly  by  the  drug,  or  as  a  resu 
asphyxia,  etc.  These  produce  different  types  of  convulsions.  Sf 
convulsions^  as  typified  by  strychnin  and  caffein,  are  generally  symmet 
and  when  fully  developed,  tetanic  (*.«.,  the  contractions  are  maintain 
Medtdlary  convulsions  (picrotoxin,  camphor,  asphyxia)  are  more  irregi 
asymmetrical  and  clonic  (rapid  intermissions).  Cerebral  convuls 
(absinthe)  are  of  the  epileptic  type,  irregular,  often  involving  only  lira 
groups  of  muscles. 

Convulsions  are  usually  the  result  of  extreme  stimulation  of  the  m 
centers,  and  as  such  are  mainly  of  toxicologic  interest.  Smaller  dos( 
the  convulsant  drugs,  however,  may  be  used  for  therapeutic  stimulat 
their  action  often  extending  to  other  nervous  centers,  and  exciting 
respiratory  and  vasomotor  centers. 

STRYCHNIW  AND  NUX  VOBUCA 

General  Statement. — Strychnin,  the  main  alkaloid  of  Nux  Vomica, 
considerable  therapeutic  and  toxicologic  importance.    It  increases 
reflex  excitability  of  the  spinal  cord  and  of  the  medullary  centers, 
action  is  chiefly  on  the  dorsal  gray  matter  of  the  cord. 

Therapeutic  doses  produce  a  "bitter"  and,  therefore,  tonic  effect  on 
alimentary  canal;  improved  tone  and  nutrition  of  muscle;  and  a  lim 
amount  of  respiratory  and  vasomotor  stimulation. 

Toxic  doses  cause  characteristic  tetanus,  violent  changes  in  b! 
pressure,  and  spasmodic  respiration.    Death  occurs  from  asphyxia 
from  the  paralysis  which  succeeds  the  stimulations. 

Actions  closely  resembling  those  of  strychnin  are  produced  by  a  n 
ber  of  other  alkaloids,  which  have  little  practical  importance, 
actions  of  tetanus  toxin  also  are  very  similar. 

Description  of  the  Motor  Effects. — The  principal  symptoms  of  str 
nin  poisoning  in  all  vertebrate  animals  are  referable  to  modified 
increased  reflex  excitability  of  the  spinal  cord,  culminating  in  symmeti 
convulsions  and  tetanus.  The  motor  reflexes  are  modified  so  that  smi 
stimuli  are  effective;  and  the  response  even  to  slight  stimulation  is  m 
mal,  tetanic,  and  tends  to  spread  to  all  the  muscles.  Ordinary  reflf 
are  increased. 

The  tetanus,  however,  depends  apparently  not  on  this  increase  of 
normal  reflexes,  but  on  the  enormous  exaggeration  of  the  special  reflc 
the  "start"  from  a  sudden  stimulus  or  fright  (Cushny,  1919).  ' 
involves  contraction  of  all  muscles  and  therefore  reversal  of  inhibi 
reflexes. 

The  symptoms  in  man  correspond  to  those  in  the  lower  vertebrs 
With  small  doses,  there  is  merely  a  greater  resp>onse  to  stimulation, 
the  muscles  feel  somewhat  more  taut.  As  the  dose  is  increased  to  1 
7  mg.  in  men,  5  or  6  mg.  in  women  (Hartenberg,  1913),  this  tightei 
becomes  more  sensible,  especially  in  the  neck  and  jaws;  the  movemi 
become  rather  abrupt;  and  sHght  twitchings  may  appear  in  the  indivi< 
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muscles,  often  in  the  little  finger.  In  case  of  paralysb  from  a  high  lesion 
(apoplexy),  the  paralyzed  muscles  may  be  the  first  to  react  since  ibey  are 
removed  from  the  cerebral  inhibitory  impulses. 

Convulsant  Effects. — With  toxic  doses,  these  symptoms  are  promptly 
succeeded  by  sudden  convulsions,  usually  following  some  stimulation; 
or  the  premonitory  symptoms  may  be  absent.     The  attack  may  start 
Hflith  a  loud  cry,  which  is  usually  caused  mechanically,  by  the  convulsive 
^Movement  of  the  air,  rather  than  by  p>ain.     The  convulsions  involve  all 
^Be  voluntary  muscles  of  the  bo<:ly,  including  the  diaphragm.     The  move- 
^Bbenls  are  at  first   rapidly   intermittent,   but   become  promptly  tonic, 
resulting  in  a  tj^pical  tetanus.     Since  all  the  muscles  are  contracted,  the 
conxnilsions  are  symmetrical,  and  the  body  assumes  the  position  corre- 
sponding to  the  stronger  muscles,  which  in  most  situations  are  the  exlen- 
LMjnrs.    .Accordingly,  the  body  h  arched  backward  (opisthotonus),  so  that 
BS^palient  may  touch  the  ground  only  with  the  head  and  heels.  ^    The  legs 
^ire  adducted  and  extended,  the  feel  curved  inward.     (A  frog  may  be 
held  horizontally  by  the  feet.)     The  arras  are  either  strongly  flexed  over 
the  chest,  or  rigidly  extended,  with  the  fists  balled.     The  jaws  are  fixed, 
'      and  foam  gathers  at  the  mouth.     The  rigid  diaphragm  and  the  lense 
thoracic  and  abdominal  muscles  arrest  respiration.    The  skin  and  mucosa: 
are.  therefore,  cyanotic  and  congested;  the  eyes  protruded,  evolved;  and 
the  pupils  dilated.     The  pulse  is  small  and  tense,  often  imperceptible. 
^H    The  patient  remains  jKrfectly  conscious,  and  suffers  severe  pain  from 
^|k  violent  contractions.     The  asphyxia  may  be  fatal  in  the  first  attack. 
^^orc  commonly  there  is  a: 

Remission. — The  tetanus  lasts  perhaps  a  minute,  then  the  muscles 

,  and  the  patient  passes  into  a  greatly  depressed,  almost  paralytic 

dition,  still  perfectly  conscious  and  ver>'  anxious  and  oppressed,  with 

throat  and  ihirst,  sometimes  sweating.     This  intermission  lasts  at 

I  ten  or  fifteen  minutes,  when  there  is  another  attack,  usually  apin 

following  some  slight  stimulation.     If  this  is  not  fatal  by  asphyxia,  it  is 

in  followed  by  remission,  and  so  on,  the  whole  sequence  being  repeated. 

remissions,    however,   become   progressively   shorter,    the   spasms 

weaker  and  the  paralysis  more  prominent. 

h  occurs  usually  in  the  interval  after  the  second  to  fifth  attack, 
exhaustion  and  general  depression.     It  may  be  preceded  by  asphyxia! 
a. 

Rtftrury  may  occur  from  sublethal  doses,  or  under  appropriate  Ireal- 

the  con\aiIsion5  and  depression  disappearing  gradually.     Animals, 

have  been  observed  to  relapse  into  fatal  convulsions  several 

after  apparently  complete  recovery  (Sollmann),  so  that  patients 

)uld  be  watched. 

Otpmdcnce  of  Camndsimis  on  Reflex  Stimulation. — In  the  lighter  grades 

tn'chnin  poisoning,  the  convulsions  occur  only  on  reflex  stimulation. 

^  Ihc  severe  grades,  they  are  often  apparently  spontaneous,  but  even 

^ibey  are  reallv  reflex,  due  to  slight  and  accidental  sensor>' stimulations. 

shown  by  the  fact  that  convttlsionx  do  not  occur  spontaneously  if 

impressions  are  prevented  from  reachinf^  the  spinal  cord,  as  by 

ing  all  the  posterior  roots  in  frogs  (Hermann  Meyer.  1846);  together 

Ihlbc  medulla  (Hcring,  1893:  Verwom,  iqoo);  or  by  placing  the  frog  in  a 

'^'y  wtak  cocain  solution  (Poulsson,  1889). 

<  TW  ogpoatte  poaitioo.  body  bent  forward,  onatitutca  "  unpratUiotonuA." 


226 


MANUAL   or  PHARMACOLOGY 


Different  Forms  of  Stimulation. — Practically   all   kinds  of   sudden 
sensory  slimulation  may  provoke  ihc  convulsions.     The  skin  is  especially 
sensitive,  even  to  the  slight  jars  produced  by  heavy  walking.     Sudden 
light  and  sound  are  also  dangerous.     Gradual  stimulation  is  much  I 
effective  (as  with  all  rcfiexcs),  so  that  a  patient  may  support  considcrabl 
but  deliberate  manipulation,  as  for  instance  arLitkial  respiration;  when 
slight,  but  abrupt  or  unexpected  touch  would  cause  an  attack. 

Stimulation  of  tht  exposed  inieslines  does  not  cause  convu'aioiu,  «n^  thcftc  are  pooi 

in  sensory  fibers. 

Chrmiial  itimuUUion   (the  nnplication  nf  dilute  acids!   not  only  fails  to  produ( 
tetanus,  but  even  the  normal  rencx  is  greatly  diminished  (Schlick,  iKqo).     The  absenc 
of  tetanus  is  easily  explained  because  the  slow  penetration  of  the  acid  leads  to  u  gradi 
instead  of  abrupt  stimulation.     The  vnrious  explanations  of  the  diminished  rcactia 
arc  mainly  h>'po1heTical  (BaRlioni,  igoo  and  iQog;  Sano.  1008). 

Simple  and  Crossed  KeJJrxes. — The  cflecls  of  strychnin  are  relatively  greater  (I'.e ■■., 

the  threshold  Is  lowered  more)  for  the  crossed  or  leg-arm  reflexes  than  for  simple  u^^bq. 
crossed  reflexes,  apparently  because  the  excitability  in  simple  paths  is  normally  j.__«^|. 
ready  so  high  that  it  tan  not  be  materially  increased  by  strychnin.  Therefore,  dl^~  he 
strychnin  increase  of  excilabilily  is  better  marked  in  the  more  difficult  complex  patk^aibs, 
where  several  synapses  are  interposed;  or  when  the  normal  threshold  has  Dccn  "*''\  cd 
by  ether  or  asphyxia  (E.  L.  Porter,  1914.  1Q15].  The  excitability  is  increased  ^^Bof 
single  induction  shocks,  as  well  as  for  interrupted  stimuli  (van  I.ceuwen.  iQij). 

Tiu  Afodijlcti  ion  o]  the.  Short  Reaction  of  Ordinary  ReJUxcs  into  thf  Prolonged  Contr  ^^f. 
tion  of  Strychnin  Tetanus. — It  might  be  supposed  that  the  strychnin  tetanus  is  due  to^^vfaf 
summation  of  repeated  stimuli;  that  each  muscular  contraction,  by  the  movements  of  ^^Jk 
tendons  ami  joints,  sets  up  a  fresh  reflex,  these  rapidly  succeeding  stimuli  fusing  i-^^nto 
a  tetanic  contraction  which  persists  until  the  ner\'e  centers  are  exhausted  ( Bagli<^zDQj, 
1900).  However,  there  is  good  evidence  that  this  is  not  necessary,  but  that  the  teta-  miu^ 
h  in  fact  a  true  multipc  response  to  a  single  stimulus:  For  it  occurs  also  if  all  rc^t^rxcs 
hut  the  original  single  stimulus  are  excluded;/./.,  tetanus  occurs  in  a  leg  with  a  si-nyt 
stimulus  of  its  divided  sensory  ner^'cs,  the  remainder  of  the  animal  being  cunu-ijm/ 
(Veszi,  1913;  Buchanan,  igi2;Hcnkcl,  igij).  The  spinal  stioiuli,  in  strychnin  tctA-nu^ 
reach  the  muscles  at  the  rate  of  50  per  second  (Fahrenkamp,  1914). 

Elrington,  IQ14,  concludes  that  the  strychnin  action  consists  in  greater sensitivenefi 
of  the  central  receptor  cells;  not  in  greater  spread  of  the  impulses,  nor  in  greater  intensity 
of  thi'  afferent  impulses. 

Normal  and  "Start"  Reflexes, — Cushny,  iqiq.  pointed  out  that  str^'chnln  has  Cwq 
apparently  distinct  actions  on  reflexes.  A  strychnini^ed  frog  (0.05  mg.t  responds  to 
weak  and  slowly  acting  stimuli  by  reflexes  of  a  norma!  coordinated  character,  nut  with 
lower  threshold;  whereas  stronger  and  sudden  stimuli  produce  the  topical  univeml 
tetanus.  This  difiers  from  normal  reflexes  not  only  quantitatively,  but  in  that  it  cauMS 
the  contraction  of  even  antagonistic  muscles.  Cushny  considers  that  this  Is  a  distinct 
reflex,  which  finds  it  physiological  expression  in  the  "start,"  for  instance  on  a  suddco 
fright;  but  which  is  enormously  exaggerated  by  strj'chnin,  so  that  it  tends  to  displftCT 
the  ordinary  reflexes. 

Raxrsai  of  Reciprocal  Innervation. — The  modficatlon  of  the  reflexes  by  str>duus 
is  not  merely  quantitative,  but  also  qualitative.  Sherrington  (1905  to  iqoq)  showed 
that  in  a  normal  animal,  the  contraction  of  a  muscle  is  accompaniecl  by  the  automnlic 
relaxation  of  its  antagonistic  muscles.  The  reciprocal  reflex  is  destro>'ed  by  such  sob- 
stances  as  strychnin  and  chloroform.  With  strychnin,  all  reflex  stimulations  result  io 
simultaneous  contraction  of  all  the  muscles,  including  the  antagonist;  while  with  cbkirv- 
form,  they  result  in  simultaneous  relaxation.  The  vasomotor  system  presents  analo- 
gous phenomena  (Bayliss).  The  work  of  de  Barenne  (quoted  under  ''Localixalioo") 
shows  other  qualitative  changes  in  the  functions  of  ih*;  sensory  cells. 

Location  of  the  Tetanizing  Action. — The  distinction  between  the  pos- 
sible sites  of  convulsant  action  furnishes  interesting  illustrations  of  the 
general  methods  of  experimental  pharmacology.  Most  of  these  expeiv- 
ments  can  be  carried  out  more  conveniently  on  frogs;  but  they  can  also 
be  demonstrated  on  mammals. 

The  Action  is  Localized  ittjhe  Spinal  Cord. — This  can  be  easily  shown 
by  exclusion:  (d)  The  peripheral  motor  apparatus  is  excluded  by  section 
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of  ihe  nerve  trunk,  which  arrests  the  convulsions  in  the  corresponding 
muscles  (Johannes  Mueller,  1844).  Conversely,  no  convulsions  will 
occur  if  strychnin  is  injected  directly  into  a  muscle — say  the  leg;  provided 
tha:  the  leg  is  first  ligaled  so  that  the  poison  can  not  reach  the  general 
'Circulation.  (6)  If  this  experiment  is  modified  so  that  the  nerve  is  not 
'Included  in  the  ligature,  the  absence  of  convulsions  will  also  prove  that 
strychnin  does  not  affect  the  peripheral  sensory  apparatus  (Magendie, 
rSig). 

(c)  The  brain  and  medulla  ohhn^ala  are  not  essential  to  the  convulsions, 

for  these  occur  in  frogs  in  which   these  centers  have  been  destroyed. 

l(d)  Tke  posterior  root  ganglia  are  also  not  concerned;  for  typical  tetanus 

can  be  obtained,  by  direct  stimulation  of  the  cord,  when  all  the  ]>osterior 

roots  have  been  cut  in  frogs  (Hermann,  1846;  Verworn,  iQOi);and  in  dogs 

even  when  the  afferent  fibers  from  these  ganglia  have  completely  degener- 

aicd  after  section  (Sherrington,  1898).     Nor  does  the  localized  application 

I  of  strychnin  to  the  exposed  posterior  root  ganglia  produce  any  effects 

(dc  Barenne.  1910). 

W  Action  on  the  Spinal  Cord. — It  is  evident,  therefore,  that  the 
strychnin  action  is  located  somewhere  within  the  spinal  cord.  The 
next  question,  whether  it  acts  on  the  sensor>^  or  on  the  motor  tracts,  or 
on  both,  has  not  been  conclusively  answered,  although  it  has  been  the 
subject  of  much  ingenious  investigation.  .\t  present,  it  appears  that 
both  the  motor  and  sensory  portions  of  the  cord  must  be  poisoned,  to 
obtain  the  typical  strychnin  convulsions. 

Methods  of  Anatomical  Isolation. — The  basic  experiments  in  this  direction  were 
Sttdc  by  Hermann  Meyer  in  1846:  After  cutting  away  the  entire  posterior  columns  of 
t^ipina!  cord,  he  found  that  strychnin  docs  not  produce  tetanus,  even  if  the  remaining 
tord  is  touched.     If  the  ablation  is  confined  to  a  part 
'»' iKe  cord,  the  corresponding  muscles  do  not  par- 
Iwpate  in  the  convulsions.     This  seems  to  indicate 
ilw  the  action  is  located  in  the  posterior  and  not  in 
fl*  interior  columns.     However,  as  pointed  out  by 
Vtrwoni,  1 900,  the  proof  is  not  conclusive,  for  the 
"pnnlion    produces   too    much   shock,   and   besides* 
'Wreys  all   the  physiological  relations  of  the  motor 
odU.    Similar   objections    apply    to    all    anatomical 
nwhods,  so    that   these    can  not  furnish  conclusive 
nidnirc.     It  was  therefore  necessary  to  have  recourse 
tipliysiolosrical  means. 

Localized  Application  of  Strychnin  to  the  Spinal 
Cflfd. — Houghton  and  Muirhend.  1895,  basing  them- 
•rivt*  00  the  earlier  and  imperEcct  work  of  A.  J. 
i^nce,  1&66,  attempted  to  utilize  the  fact  that  im- 
pvlsa  go  from  the  sensory  cells  of  the  cervical  seg- 
nkents  of  the  cord  to  the  motor  cells  of  the  caudal 
it^pisenLv  and  i-iVc  vrrxa.  By  destroying  the  circula- 
te and  appKing  sir>'chnin  locally  to  the  exposed 
cord  it  is  therefore  possible  to  make  impulses  pass 
dlhcf  through  a  poisoned  sen-viry  cell  to  an  unpoisoned 
mtor  rrll;  or  through  an  unpoisoned  sensory  to  a  poisoned  motor  celi. 
itnrcbttui  is  supposed  to  be  restricted  to  the  cervical  half  of  the  cord. 

The  path goes  through  a  poisoned  sensory  to  an  unpoisoned  motor  cell;  the 

Mlh through  an  unpoisoned  sensory  to  a  poisonea  motor  cell.     When  the 

wnlnpi  is  stimulated  in  this  frog,  the  hindlcg  participates  in  the  convulsions.     When 
tWhiAdlrg  is  stimulated,  there  is  no  ron\'ulsion. 

AaaJogous  observations  have  been  made  on  mammals  (Ryan  and  McGuigan,  igii); 
ffofts  with  the  sensory  paths  paralyzed  by  phenol  (Baglioni,  1900);  and  on  the  excised 
fitrvous  system  of  toads  (Baglioni,  1909). 

These  rrsulta  were  interpreted  as  proof  that  strychnin  acta  essentially  on  the  sensory 


Fig. 


4. —  Oi&^&m   of   Houghton - 
Muirhcad  experiment. 

In  Fig.  4,  the 
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mechanism  of  the  cord,  and  that  the  motor  cells  were  at  best  unessential :  for  convulsions 
appeared  whenever  the  impulse  pas&ed  through  a  ]>oboned  sensory  cell,  even  though  the 
motor  cell  be  unpo  soned;  whereas  no  convulsions  appeared  when  the  sensory  cells  were 
not  poisoned,  c\'cn  though  the  motor  cell  was  poisoned. 

However,  these  results  are  obtained  only  when  the  cer^acal  cord  is  poisoned.  If 
the  strychnin  is  applied  to  the  lumbar  cord,  the  convulsions  do  not  spreao  at  all  to  the 
cervical  segments,  but  remain  confined  strictly  to  the  poisoned  area  (McGuigan  and 
Becht,  1914).  Furthermore,  if  the  f«/»Ve  animal  is  poisoned  by  small  doses  of  strychnin, 
the  same  phenomena  are  observed  as  in  the  Ifouf^nton-Muirfaead  experiment;  namely, 
minima!  stimuli  applied  to  the  forelegs  produce  general  convulsions^  whereas  the  same 
stimuli  applied  lu  the  hindlegs  produce  only  local  contractions.  Tlie  HoughtOD- 
Muirheaci  phenomenon  may  therefore  Iw  explained  by  the  more  easy  spreading  of 
impulses  in  the  caudal  than  in  the  cephalic  direction.  (The  cnt  re  subject  is  reviewed 
by  McGuigan,  Kcelon,  and  Sloan,  1916.) 

Barcnne,  rpii  to  1913,  adduced  some  new  facts.  By  strictly  iocdlized  application 
of  str>xhnin  to  the  exposed  spinal  cord  of  frogs  and  dogs  he  finds: 

I.  When  the  application  is  restricted  to  the  ventral  surface  of  the  cord,  no  percep- 
tible symptoms  are  produced, 

3.  When  it  is  restricted  exclusively  to  the  dorsal  surface,  there  is  no  tetanus;  but 
instead,  a  characteristic  syndrome,  comprising  sensory  disturbances   (paresthesias), 
increased  reflexes,  and  incoordinate  asymmetrical  twitchings.     These  **  dorsal  symp- 
toms" are  sharply  localized  on  the  skin  according  to  the  level  and  side  of  application    m 
to  the  cord;  the  skin  areas  being  identical  with  the  ^dcrmatomata"  defined  by  anatomic-    H 
phv-siologic  isolation  methods.     They  occur  even  after  the  division  and  degeneration   " 
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of  the  posterior  root  fibers. 

3.  Typical  tetanus  occurs  only  if  bolh  the  sensory  and  motor  tracts  arc  poisoned. 
F.i..  if  the  strychnin  is  applied  dor<ally  to  the  arm  region,  and  ventrally  to  the  leg  re- 
gion, then  stimulation  ol  the  leg  causes  only  normal  reflexes  (unpoisoned  sensory  to 
poisoned  motor);  stimulation  of  the  arm  causes  tetanus  of  the  legs  (poisoned  sensory 
to  poisoned  motor)  in  which  the  arms  do  not  participate  (poisoned  sensory  to  unpoisoned 
motor).  This  experiment  (which  was  contirmed  by  BeritoGF,  igi.^)  would  hidicate 
that  both  the  sensory  and  motor  celb  must  be  poisoned,  to  obtain  the  t>'pical  tetanus. 

Motor  Cortex. — The  cerebral  motor  centers  react  to  the  direct  application  of  strych 

nin  (and  also  to  picrotoxin)  by  increased  excitability  to  electric  sUmulatioo,  and  cvei^^ 
bv  rhvthmic  spontaneous  movements,  identical  with  those  which  would  be  induced  by  " 
cfectnc  stimulation.  The  action  is  not  abolished  by  deep  anesthesia  (Bickeles  and^H 
Zbyszewski,  igi^i).  It  is  localized  in  the  gray  matter,  for  it  disappears  on  ablatioi— ■ 
and  no  effect  is  produced  by  direct  application  to  the  white  matter  (S.  S.  Maxwell,  «y^  * 
and  1007;  Baglioni  and  Magnini.  iqoq). 

Strychnin  acts  in  this  respect  like  creatin  and  picrotoxin;  in  contrast  to  calciun^^ 
precipitants  and  barium.     These  stimulate  only  the  white  matter  directly,  althougl^HB 
■y  may  lower  the  threshold  of  the  gray  matter  to  electric  stimulation. 

De  Barenne  claims  that  local  application  of  strychnin  to  the  cerebral  cortex  produc^^sa 
isory  excitation  of  the  corresponding  zones,  but  no  motor  symptoms. 

The  "  silent  area**  of  the  bram  does  not  respond  to  the  local  application  of  strychnK.  « 
(Amantea.  1913). 

Psychic  Centers.^These  are  evidently  not  affected  by  strychnin,  since  consdousn&^^ss 
is  nut  disturljcd  until  the  onset  of  asphyxial  coma. 


Practical  Significance  of  the  Location  of  Strychnin  Action. — The  loc-«^- 
Uon  of  the  tetanizing  action  of  strychnin  in  the  spinal  cord  explains.  Tor 
instance,  why  strychnin  convulsions  are  abolished  by  curare,  since  cura-a** 
blocks  impulses  from  the  cord  to  the  muscles.     Also,  that  strychnin  1»^^ 
a  stronger  action  on  a  paralyzed  limb  in  those  cases  of  paralysis  in  whioh 
the  lesion  is  above  the  cord,  for  cutting  off  of  the  spinal  cord  from  the  br3.>n 
always  increases  its  reflex  excitability. 

The  fact  that  strychnin  in  small  doses  increases  the  tone  of  muscks  ■» 
also  due  to  its  heightening  the  reflex  excitability  of  the  spinal  cord.     Mof 
only  the  convulsive  centers,  but  other  spinal  centers  are  put  in  a  con<^J 
tion  more  favorable  to  reflexes.     It  is  in  this  way  that  strychnin  is  usef^J 
in  impotence  or  in  paralysis  of  the  bladder  or  other  sphincters,  when 
are  due  to  lowered  activity  of  their  respective  spinal  centers. 
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Indirect  Results  of  the  Motor  Actions. — The  increased  activity  of  the 

niiiscJes  brings  about  several  secondary  results,  such  as  pain,  asphyxia, 
increased  metabolism,  disturbance  of  temi>erature,  tendency  to  rise  of 
blood  pressure  ami  quickening  of  pulse;  early  postmortem  rigor.  The 
aspbyxia  in  turn  produces  its  characterbtic  phenomena. 

Paia. — Strychnin  conv-ubions  are  extremely  painful,  just  as  any  other  form  of  muscle 
cnimp. 

Metabolism. — The    increased    muscular   tone  or  convulsions  result  in  increased 
coiYsumpUoQ   of  ox>'gen  and  output  of  carbon  dioxid,  and  increased  use  of  glycogen. 
The  increase  of  gaseous  metabolism  is  observable  even  with  therapeutic  doses  (Kdsall 
«nd  McaiLs,  rgi4).     The  asphyxia  may  also  cause  h>'perglyccmia  and  glycosuria. 
Bffect  of  Convulsants  on  Temperature. — All  convulsant  poisons  (santonin,  picro- 

ria,  strychnin)  produce  characteristc  changes  in  heat  regulation.  Small  doses 
»  increased  heat  loss  and  a  slightly  smaller  heat  production.  Larger  doses 
increase  metabolism,  through  muscular  action,  and  hence  increase  heat  production, 
*hich  is  accompanied  by  a  further  increase  of  heat  loss.  Paralytic  doses  diminish 
tlw  heat  production  ver>'  greatly.  The  temperature  is  accordingly  variable:  Small 
dofics  tencf  to  lower  it;  moderate  con\^llsivc  doses  would  increase  it;  paralytic  doses 
lower  it  greatly.  The  heat  loss  is  particularly  conspicuous  in  small  and  young  animals, 
'''hile  larger  animals  tend  to  show  a  rise  of  temperature,  with  moderate  doses. 

LarJic  Arid. — Strychnin  and  other  convulsions  cause  the  appearance  of  lactic  acid 
*>i  the  blood,  proxnded  that  the  glycogen  store  is  adequate  (l^usk,  1916). 

Nux  Vomica. — The  preparations  of  Nux  Vomica,  and  its  second 
3.Ucaloid,  Brucin,  act  essentially  like  strychnin. 

Brudn. — The  action  of  brucin  is  much  weaker  than  that  of  strychnin,  the  ratio 

^''''aryint  with  different  animals.  The  paralytic  and  curare  effects  are  relatively  stronger 
<r«r^mbling  methyl-strvchnin),  so  that  brucin  is  less  useful  therapeutically  (cf.  Dixon 
«-«iii  Harvev,  iqoS). 

Brom-Siry chains. — The  two  monn-brom-strychnins  act  similarly  to  strychnin,  but 
*■«■«  orily  '(i  or  '^ti  as  effective.  Dibrom-strychnin  is  also  convulsant,  but  in  frogs  it 
F»eMduces  mainly  the  curare  effect  (C.  R.  .Marshall,  igiz). 

Other  Spinal  Convulaants. — Spinal  tetanus,  in  every  respect  similar  to  that  of 
*|*J)'chnin,  is  produced  by  caffein,  tnebain  fan  opium  alkaloid),  gelsemin,  calabarin  and 
Jiydrulin,  etc.  It  is  also  a  late  phenomenon  in  morphinized  frogs.  Tetanus  toxm 
"kwise  induces  spinal  tetanus,  the  minor  differences  being  due  mainly  to  peculiarities 
^^  sbwrption  (Frochlich  and  Meyer,'  igi;). 

The  Convulsant  Action  of  Sulpbonated  Dyes;  Inhibitory  Acti<m  of  Cerebrum. — Acid 

^uclL^n  I  Karbour  and  Abel,  tgio),  and  other  water-soluble,  ncurophilic  sulphonated 

^>ci  iMaiht,  iQia),  produce  strychnin-like  convulsions  in  frogs.     In  normal  frogs,  the 

^^*jt!iis  occurs  only  after  a  long  latent  period  (up  to  twenty  hours),  and  requires  rela- 

''^tU  large  doses.    If  the  anterior  third  of  the  cerebrum  is  removed  (either  before  or 

•^tcr  the  injection'),  the  convulsions  occur  much  more  promptly  (within  thirteen  min- 

Jittt),  and  ver>'  much  smaller  doses  Ciq  to  Vjpo)  suffice.     The  anterior  cerebrum  there- 

tort  exercises  a  strong  inhibitory  effect  on  the  convulsant  action  of  these  drugs  (much 

***,tf  any,  on  other  convulsanH>oisons).     With  the  cerebrum  intact,  the  latent  period  is 

*l*> shortened  by  voluntary  f.itigue. 

Tbonus,  iQJO.  finds  that  identical  results  are  produced  by  injury  to  any  part  of  the 
J^rvousaxis,  and  inclines  to  attribute  the  greater  effect  to  move  rapid  penetration  of  the 
"iJBml  tissue. 

OvdicfJomized  Frogs. — Joseph  and  Meltzer,  1911,  found  that  the  late  convulsant 
^i^Im  of  add  fuchsin,  and  of  morphin,  could  be  greatly  hastened,  and  that  a  vcfy  much 
™*»lIpT  dose  would  i^ufficc,  in  frogs  in  which  the  heart  had  been  tied,  the  circulation  of 
"* blood  being  thus  arrested,  .\ccording  to  .\bel,  1Q12,  this  interesting  ob5er\ation  is 
^phined  bv  the  peculiar  distribution  of  the  poison.  The  lip;ition  of  the  heart  prevents 
uediBipatinn  of  the  poison  in  the  body,  and  the  anterior  lymph  hearts  drive  the  solution 
*TO|y  into  the  communicating  vessels  of  the  central  nervous  system.  This  is  thcre- 
t<w?cxposef|  to  a  much  more  concentrated  solution.  .\t  the  same  time  the  interrup- 
^•^ftol  the  nonruil  circulation,  and  the  partial  asphyxia,  increase  the  sensitiveness  of 
ji^  nervous  system  to  conx'ulsants;  for  the  outbreak  of  these  is  hastened  even  if  the 
'*gn  is  excised  afkr  the  drug  has  been  injected.  Mcitzer,  however,  did  not  accept 
™0(pUn«tion. 
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Carbon  Dioxid. — This  also  greatly  hastens  the  convulsions,  when  its  tension  in 
air  exceeds  30  per  cent.  (Joseph,  1915).     The  gas  also  lowers  the  threshold  for  stryt 
nin  convulsions  (PiJchcr  and  boUmann,  igis). 

Therapeutic  Use  of  Strychnin  in  Paralyses. — Strychnin  and 
vomica  are  used  to  preserve  muscular  nutrition  in  paralysis  from  func- 
tional neurites  and  high  lesions;  to  raise  the  Lone  of  the  rectal  and  vesical 
sphincters  in  incontinence  of  urine  or  feces;  to  improve  the  effects  of 
cathartir5,  especially  in  atonic  constipation.  They  are  also  used  (but  prob- 
ably useless)  in  sexual  impotence.  Most  of  these  uses  have  been  discussed 
in  the  text.  j 


Paralytic  Disorders. — It  should  be  remembered  that  strychnin  only  increases  the 
excitability  of  existing  structures.  It  must  therefore  be  useless  in  organic  lesions  of  the 
cord.  In  spastic  paralysis,  and  in  inflammatory  conditions,  it  would  be  contraindicated. 
Moderate  doses  ( i  to  2  mg.,  three  times  a  day)  may  be  useful  in  functional  depression 
of  the  cord  (lead  poisoning,  or  sometimes  in  diphtheritic  paralysis);  but  its  main  indi- 
cations are  for  maintaining  the  muscular  tone,  and  tncrcby  preventing  muscular 
atrophy  while  awaiting  the  repair  of  cerebral  lesions  (apoplexy);  but  large  doses  of 
Strychnin  may  bring  apoplectic  attacks  in  predisposed  patients.  The  trophic  effect 
should  be  supported  by  massage  and  electricity.  Strychnin  is  also  said  to  lessen  the 
pain  of  some  older  paralyses. 

InfotUintnrf  of  i'rrnc— Strychnin  would  be  useful  only  if  the  incontinence  is  due  to 
atony  of  the  sphincter;  if  due  to  overaction  of  the  detrusor  urina-,  the  indication  would 
for  alropin. 
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Medullary  Actions  of  Strychnin. — These  are  analogous  to  its  eflfec 
on  the  spinal  cord,  consislinjj  in  a  more  or  less  violent  and  conV^ilsive 
exaggeration  of  the  refle.x  excitability,  particularly  of  the  respiratory  and 
vasomotor  centers,  followed  by  i^aralysis  with  toxic  doses.  These  efifectlj 
are  modified  by  tiie  coexistence  of  asphyxia,  ^ 

These  me<iullary  stimulations  are  very  marked  and  violent  with  con- 
vulsive doses.  With  therapeutic  doses,  they  are  so  slight  that  they  can 
not  be  demonstrated  with  certainty,  either  clinically  or  experimeniallw 
The  therapeutic  use  of  strychnin  as  a  respiratory  or  circulatory  stimulani 
therefore  rests  on  a  very  insecure  basis.  It  was  doubtless  due  mainly  to 
the  uncritical  transfer  of  the  results  of  con>'^lsive  doses  to  therapeutM 
doses.  I 

Therapeutic  Doses  on  the  Circtxlation. — These  produce  either  no  cfTcd 
whatever,  or  a  very  slight  (10  to  20  mm.)  rise  of  blood  pressure,  fairly 
well  sustained.     The  rise  is  rather  more  marked  in  the  diastolic  pressurdj 
Direct  observation  of  the  vasomotor  center  may  also,  but  exceptional!^ 
show  a  slight  and  doubtful  stimulation:  but  in  asphyxia,  the  same  doses 
(0.05  mg.  per  kg.)  cause  intense  vasomotor  stimulation  (Pilchcr  and  S0U5 
mann,  1915).    These  effects  (aside  from  asphvxia)  are  so  inconstant  an 
small  that  they  could  be  accidental.     The  cardiac  contractions  are  n 
changed.     Clinical  observations  on  the  blood  pressure  and  heart  rate, 
health  and  in  various  diseased  conditions  (cardiac  diseases,  fevers,  etc' 
give  similarly  negative  or  inconclusive  results,  even  when  rather  largi 
doses  ('  fo  gr.  every  hour)  are  used  (Cabot,  1904;  Parkinson  and  Row 
lanrjs,  IQ13  and  1914;  Newburgh,  1915;  Lucas,  1914).     Positive  results 
Cook  and  Briggs,  1903,  or  Marvin,  1913,  must  therefore  be  viewed  wit 
caution. 

The  pulse-flow  (the  change  of  blood  tlow  during  the  pulse  cycle)  is  also  unaffected 
man  by  3  to  fi  mg.  (Hewlett,  1917). 
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Convulsive  Doses. — While  smail  doses  of  strychnin  have  but  little 
;lon  the  circulation,  convulsive  doses  cause  very  conspicuous  changes; 
;cially  a  large  rise  of  blood  pressure,  due  to  central  vasomotor  stiraula- 
produced  mainly  by  the  direct  action  of  strychnin  on  the  center; 
It  aided  by  the  convulsions  and  asphyxia.  This  is  followed  by 
)niolor  depression. 

These  effects  are  sjTichronous  with  the  convulsions:  the  t>'picaJ  course  is  shown  in 
Tig.  5.  With  Ihc  onset  of  ihc  irregular  spasms  at  (h)  the  mean  pressure  rises  (central 
viwfflocor  stimulation),  the  heart  being  slowed  and  strengthened  (central  vagus  stimu- 
DurinK  the  tetanus  (c),  the  pressure  is  very  high  (intense  stiniulatiun  of  vaso- 
3r  center),  the  heart  beats  are  faster  and  smaller  (reflex  ^'agus  depression,  mainly 
"  muscular  exertion).  As  the  tetanus  disappears  (d)  the  pressure  falls  below 
Tcentral  vasomotor  paralysis),  and  the  heart  beats  become  very  slow  (intense 
stimulation,  mainly  asphyxial).  The  phenomena  b  to  d  are  repeated  during 
ipasin. 


Pic.  s. — ConvuUtre  doles  of  itrychnin  on  blood  pressure. 


^i  dt^h  approaches,  and  the  respiration  stops  permanently,  the  pressure  remains 
and  the  heart  beats  rapidly  but  weakly  (total  paralysis  of  vasomotor  and  va^s 
i'^),  and  finally  stops. 

This  description  applies  almost  equally  well  to  the  efifects  of  convut- 
>Q5  produced  by  any  other  cause;  and  particularly  to  asph>'xia  (see 
6).    These  are  both  present  in  strychnin  poisoning,  and  must  l>e  con- 
wtory  factors.     However,  they  are  not  the  main  cause  of  the  rise  of 
pressure;  for  this  occurs  when  convulsions  are  excluded  by  complete 
iHTation;  and  when  asphyxia  is  prevented  by  artificial  respiration, 
ly  the  portion  (d)  of  the  tracing  is  entirely  asphyxial. 

Ti,™ w^j.  Center. — Pilcher  and  Sollmann,  1915.  found  that  the  vasomotor  center  is 
i.ued  by  con\'u!sive  doses,  indepemleiiUy  of  the  convulsions  or  asphyxia. 
„,  ,v.=es  (above  i  mg.  per  kg.)  depress  and  paralyze  the  center. 
}^  tan  pressure^  which  is  also  unchanged  by  therapeutic  doses,  rises  during  tetanus, 
ifirfiiating  cardiac  insuflScicncj-  (Capps  and  Matthews,  1913). 

^^fulitr  Areas. — During  the  strychnin  rise  of  pressure,  all  the  splanchnic  vessels 
while  those  of  the  skin  (Wcrthcimer  and  Bclczcnne,  1S97)  and  cerebrum  (Roy 
ington,  iAqo)  dilate.     The  vessels  of  the  pia  mater  and  retina  are  constricted 
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Vasomotor  Convulsions. — In  curarucd  animals,  Llic  rise  in  blood  pressure  occurs, 
spasmodically  (S.  Mayer,  1872),  and  can  be  brought  on  by  reflex  stimulation,  just  like 
tne  convulsions  in  ordinary  animals.  The  dose  required  to  produce  the  convulsant 
and  the  vasomotor  action  are  also  identical.  This  supports  the  view  that  the  action 
of  strychnin  on  the  medullary  centers  is  essentially  identical  with  its  action  on  the  spinal 
centers. 

Vasomotor  Reversai. — According  to  Bayliss,  1Q08,  contraction  of  the  vessels  through, 
the  vasomotor  center  is  always  brought  about  by  stimulation  of  the  vasoconstrictor 
nerves  and  simultaneous  automatic  inhibition  of  the  vasodilators — the  reciprocal  in- 
nervation of  Sherrington.  Uayliss  claimed  that  this  is  modified  by  strychnin  and  chloro- 
form in  exactly  the  same  sense  as  with  skeletal  muscle;  and  there  is  the  same  anta^ontsni 
between  the  two  drugs.  The  vasoconstrictors  arc  so  much  more  powerful  than  the 
dilators,  that  under  strychnin,  every  reflex  stimulation  will  cause  a  rise  of  blood  pressure; 
under  chloroform,  a  fall  through  inhibition.  LanRlcy,  igr:-,  however,  failed  to  confirm 
the  "reversal "  of  depressor  fibers  by  str>'chnin ;  small  doses  simply  increase  the  response 
of  the  pressor  fibers  and  large  doses  do  to  io  mg.  per  rabbit)  produce  transient  paralysis 
of  the  depressor  response,  but  never  '* reversal." 

Paralysis  of  Autonomir  GaugHa. — Large  doses  of  strychnin  and  brucin,  like  curare. 
paralyze  all  autonomic  ganglia.     This  can  be  anlagonixed  by  stimulant  doses  of  nicotin 

The  fall  of  blood  pressure  resulting  from  the  paralysis  of  the  peripheral  nerve  cells 
can  not  be  permancnuy  restored  by  any  means  (Langlcy,  xgiS). 


Pic.  6, — AsphrxJa  on  blood  pre««ire  (Dor).  The  trachea  was  tied  at  X.  The  rcspirsion^ 
movemcnti  arc  at  firel  exaggerated,  but  become  shallow,  and  stop  at  XX.  The  heart  ftopi  a|  (j); 
Init  it  often  gives  a  few  isolotcd  bents  (h!*  after  havini:  stopped  lor  several  minutes. 
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Heart. — /Vmong  clinicians,  the  opinion  prevails  very  widely  that  strychnin 
m  *' cardiac  stimulant."  This  clinical  term  does  not  necessarily  imply  that  the  drug 
stimulates  the  heart  directly^  but  merely  that  it  improves  the  pulse.  The  e.Tpressioa 
is  used  so  loosely  that  the  student  is  advised  to  discard  it  altogether.  M 

As  a  matter  of  fact,  strychnin  has  no  effect  whatever  on  the  heart  in  ihcrapcuH 
doses  with  living  animals.     Convulsant  doses  cause  some  stimulation  of  the  ventrictei 
(Wiggers,    1Q16).     Cameron  claims  increase  of  cardiac  tone  in  animals  with  0.03  mg. 
per  Kilogram;  but  this  lacks  confirmation. 

When  perfused  directly  through  the  excised  heart,  the  effects  are  first  stimulant, 
then  depressiinl  (Hedbom,  Igershcimcr,  1905);  but  the  ncces5ar>*  concentration  co 
not  be  maintained  in  mvo. 

Perfusion  of  Cardio-inhibitory  Center. — This  produces  stimulation  (cardiac  slo 
in  turtles  (.\.  D.  Bush,  1919). 

Epinepiirin  Output, — Large  but  subconvulsive  doses  of  strychnin  (Mo  toH""*^ 
kg,,  h>'podcrmic;  corresponding  to  ^io  l"  ^i  grain  for  a  man)  consideraDly  increase 
output  of  epinephrin  by  stimulation  of  the  thoracic  cord,  independently  of  conv 
or  asphyxia.  The  increase  may  be  to  10  times  the  previous  concentration,  but  does 
exceed  the  maximal  normal  concentration.  It  persists  for  a  considerable  period  (i4 
hours).  The  epinephrin  content  of  the  adrenal  glands  is  not  lowered,  so  that  there 
must  be  increased  manufacture  of  the  base.  Smaller  doses  of  strychnin  may  temporarily 
lower  the  output  (G.  N.  Stewart  and  Rogoff,  igiOi  iQJo). 

It  is  conceivable  that  this  increased  epinephrin  output  might  benefit  thecircula 
but  this  is  very  improbable  in  view  of  th&  negative  clinical  results. 

Cardiac  pot  aotw  anitirresuiarities. — M.  I.  Smith,  1017,  found  the  effects  on  ez< 
hearts  of  frogs  and  rabbits  purely  depressant;  but  this  tended  somewhat  to  co 


STRYCHNIN  GROUP 


233 


Om  overstimulation  irregularities  resulting  from  toxic  doses  of  aconitin,  ouabain,  or 
ooronvy  occlusion.  Living  animals,  however,  were  not  saved  by  strychnin  from  toxic 
doses  of  the  stimulants. 

Irregularities  due  to  impaired  conduction  (cocaini  or  to  myocardial  depression 
(apomorphin,  ergotoxin)  were  not  benefitted  by  strychnin,  but  rather  aggravated. 

Respiration.  —In  animals,  therapeutic  doses  of  strychnin  increase  res- 
piration mainly  by  acceleration  (Cushny,  1913).  This  is  due  to  increased 
cxciiability  of  the  center,  and  indirectly  to  the  increased  movemcnls.  The 
increase  of  respiration  is  not  always  conspicuous,  on  account  of  the 
variable  excitability  of  the  respiratory  center.  Clinically,  it  is  practically 
iibsenL  (Xewburgh,  1914;  Kdsall  and  Means,  1914;  Higgins  and  Means, 
19!$.  4.5  mg.  hypodermically).  It  is  presumably  more  conspicuous  when 
the  excitability  is  partly  depressed,  as  in  anesthesia  or  morphin  poisoning 
(Biberfeld,  i(>o4). 

Similarly,  strychnin  causes  a  distinct  and  fairly  lasting  improvement  of 
respiration  when  this  has  been  depressed  by  cerebral  compression 
(Wvcnhart  et  at,  1918). 

With  toxic  doses,  the  respiration  is  spasmwlic,  arrested  during  the 
tetanus;  accelerated  immediately  after;  and  depressed  during  the 
intermissions.  ' 

The  respiratory  tetanus  is  reflex,  like  the  muscular  tetanus;  for  it  does 
not  occur  if  the  posterior   roots  have  been  divided   (Pike  el  til,   ipig). 

Therapeutic  Use  of  Medullary  Stimulation. — The  supposed  cir- 
Hiiatnry  and  respiratory  actions  of  strychnin  led  to  its  use  in  collapse 
'^aiming,  trauma  and  hemorrhage;  fevers;  depressant  ptoisons,  alcohol, 
ine^lhetics,  coal-tar  derivatives,  snake  venom,  etc.)  and  in  exhaustion  of 
^  respiratory  center  (pneumonia,  phthisis).  It  is  probably  inefficienU 
^any  case,  it  should  l>e  remembered  that  it  would  be  only  a  temporary 
'waedy  to  tide  the  patient  over  a  crisis;  it  could  not  in  itself  produce 
*ny  permanent  improvement  in  the  central  nervous  system.  It  would 
f^erely  raise  the  reflex  excitability;  and  it  is  doubtful  whether  the  perma- 
"fnt  maintenance  of  this  artificially  raised  irritability  is  ever  of  benefit. 

TraumatU  Shock. — Profound  surgical  shock  involves  complete  peripheral  paralysis 
J^thc  vessels,  probably  the  capilluries,  assotinled  secondarily  witli  deprei^sion  of  the 
"'^ft.  The  poor  circulation  causes  the  prompt  degeneration  of  the  nervous  centers, 
'"  *hich  they  can  not  respond  to  slryrhnin  or  any  other  stimubnt  (SoUmann  and 
^ilcKtr,  1Q14).  Even  epinephrin,  transfusion  or  other  mechanical  means,  while 
^'"O*  may  temporarily  restore  the  blood  pressure  and  may  thus  help  to  prevent  "sbock," 
'^n  not  restore  the  nervous  centers  (Crile).  Excessive  hemorrhage  presents  the  same 
^nditions. 

Miner  Degrees  of  Collapse  and  Especially  in  Bcmorrkage,  in  Fevers,  and  in  Intoxica- 
**w. — In  thesCt  the  increased  excitabilitj'  of  the  vasomotor  center  might  somewhat 
**wiltr»ct  the  lowered  blood  pressure,  and  enhance  the  effect  of  otJier  stimulant 
•ttsures  (saline  infusion,  etc.).  Moderate  doses  of  strj'chnin  [2  mg.)  are  used,  pref- 
***Wy  hypodenniciilly.  However,  the  clinical  studies  of  Newburgh.  1Q14.  and  Lucas. 
I7'4.  were  entirely  negative.  Its  effects  arc  certainly  much  less  pronounced  than  those 
•'•^  reflex  vasomotor  stimulants  (ammonia,  alcohol,  ether,  camphor).  These  reflex 
**QUnts  ar*  more  useful  especially  for  fainting  and  temporary  myocardial  in^iufficicncy. 

'n  Heart  Disease  proper  slrychmn  would  be  theoretically  contraindicated,  unless  it  be 
*"***  the  dyspnea;  even  thb  effect  could  be  secured  better  by  caffein.  Xewburgh, 
">'«.  found  no  effect  from  V-n-t  to  j^Q  grain  in  broken  compensation. 

.  Depressant  Effects  of  Toxic  Doses  of  Strychnin. — The  medullary  and 

'Piniil  functions  all  show  a  curious  mbclure  of  stimulant  and  depressant 

'"'  ii-c  to  strychnin;  the  stimulation  predominating  during  the  con- 

li.  the  depression  during  the  intermissions.    The  paralytic  effects 
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gradually  increase  as  death  approaches,  the  respiratory  centSj^isomoloB 
center,  vagus  center,  and  the  cardiac  muscle  failing  in  about  this  order^ . 
Exhaustion  and  asphyxia,  as  well  as  I  he  direct  depressant  actioKr 
of  strychnin,  arc  important  factors  in  this  paralysis. 

Contributory  Factors  in  Strychnin  Paralysis. — That  exhau&tion  is  an  important  cor^ 
tribulory  factor  is  shoAvn  by  the  fact  that  life  may  be  greatly  prolonged  by  prcvcntJi^^ 
the  convulsions  through  chloral  or  curare.  The  prolongation  of  life  by  artificial  r« 
piraLion  shows  the  contributory  action  of  asphyxia.  However,  animals  die  from  lai 
dost^s  of  strychnin,  when  exhaustion  and  asphyxia  arc  both  excluded,  in  the  inann< 
indicated.  Indeed,  the  direct  depression  seems  generally  to  be  the  main  factor  (Ht 
ner  and  Loewe,  1913). 

There  is  reason  to  believe  that  in  the  frog  the  paralysis  of  the  central  nerv< 
system  is  caused  largely  by  the  failure  of  the  circulation  through  cardiac  paia]>-^as* 
but  this  is  not  the  sole  cause,  for  the  heart  is  often  still  beating  \vhen  the  rcOexes  havf' 
disappeared.  In  the  case  of  mammals  death  usually  occurs  before  the  heart  bai 
stopped. 

Importance  of  Treating  the  Paralysis. — It  is  important  to  bear  in  mind 
that  the  convulsions  are  not  in  themselves  the  dangerous  element  m 
strychnin  poisoning.  Death  b  rather  due  to  paralysis.  Remedial  meas- 
ures must  therefore  be  directed  not  only  against  the  convulsions,  but 
also  against  the  subsequent  paralysis. 

I'etanus  aionr  is  not  such  a  dangerous  cvndiiion.  Thus,  tetanus  quite  as  violotf 
as  that  of  strychnin  has  been  produced,  r.g.,  by  camphor,  without  being  fatal,  ami  tbt 
verj'  severe  convulsions  of  traumatic  tetanus  may  last  for  weeks,  whereas  large  doses  of 
strychnin  may  kill  after  a  single  twitch  or  even  without  any  signs  of  convulsions  {d«th 
may  then,  however,  be  due  to  cardiac  paralysis). 

Special  Senses. — Str>'chnin  (2  to  j  mg.)  increases  the  sharpness  and  6cld  of  visioi 
for  all  colors  (Dreser,  1894),  and  also  the  olfactory  sense.     The  sense  of  touch  is  little, 
if  at  all,  aCcctcd.     These  actions  are  central.     In  the  eye  it  acts  probably  also  on  the 
retinal  gan^hon  cells,  the  effects  being  obtainable  unilaterally  by  injection  into  thetfi 
pies  ur  under  the  conjunctiva.     It  has  been  employed  to  arrest  the  progrcsA  ol  opi 
atrophy  amaurosis  (Nagel'),  sometimes  with  temporary  improvement;  ^2  to  i  c.c. 
a  yi  per  cent,  solution  (2.5  to  5  mg.)  bcin^  injectea  into  the  temple. 

Bitter  and  Tonic  Actions. — Strychnin  is  extremely  bitter  (perceptibJe 

in  dilution  of   1:400,000  to  1:100,000,  according  to  the  sensitiveness 
the  observer).     It  shares  the  stomachic  effect  of  other  bitters,  and 
therefore  used  to  improve  ap|>etilc  and  digestion  in  nervous  dyspej 
chronic  gastric  and   intestinal   catarrhs,   hyperemcsis,  seasickness, 
and  thus  favor  nutrition.     The  increased  tone  of  the  muscle  creates 
feeling  of  vigor  which  contributes  to  the  *' tonic"  effect.     To  enhance  lb 
local  action,  the  tincture  of  nux  vomica  (i  c.c,  diluted,  before  meals) 
often  preferred  to  the  alkaloid  fi  to  2  mg.).     It  is  often  combined  wi 
other    Ionics    (Elixir    Ferri,    Quinino;   et    Slrychnin^e    Phosphatum). 
the  bitter  effect  alone  is  desired,  the  dose  of  the  tincture  may  be  reduc 
to  I  or  t;  drops,  which  is  too  small  to  produce  any  central  effects. 

In  seasickness  it  has  been  employed  as  a  prophylactic  in  conjunction  with  at 
(Skinner.  X.  Y.  Med.  Jour..  December,  i8g3;  Girard,  IQ06). 

Drug  Habit. — The  bitter  and  tonic  effects  of  strychnin  make  It  a  useful  adjuvant  1 
the  treatment  of  chronic  alcoholism  and  other  drug  habits. 

Diabetf.s  Insipidus. — Strychnin  Ls  said  to  be  occasionally  effective  in  reducing 
polyuria.     There  is  no  pharmacologic  explanation  for  this  action,  if  it  exists. 

Pcrislolsis. — Strychnin  is  often  used  as  an  addition  to  other  cathartics  (**, 
Belladonna  and  Str\"chnin")  with  the  idea  of  improving  their  action,  cspecuilly  in  ml 
constipation.    It  stimulates  the  Auerbach  t;anglia  on  direct  application  (I^ngley 
Magnus,  1907).    It  has  not  been  shown  whether  this  action  would  occur  IQ  its 
'  Cf.  Derby,  igoi,  Boston  Med.  ii  Sur^.  Jour.,  >o,  508. 
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pucticosc.  HypodcrmicaUy,  it  probably  has  no  direct  effect  in  ordinary  doses,  while 
toxic  doses  weaken  or  arrest  penstalsis  (PoDak,  1910).  Any  results  may  perhaps  be 
ejirpbined  by  increased  tone  of  the  spinal  centers  which  influence  intestinal  move- 
cnents  and  defecation.  For  this  purpose,  the  extract  of  Nux  Vomica  is  generally  used 
C»  s  mg.  in  pills). 

Other  Peripheral  Actions. — Strychnin,  when  used  Rystemically,  has  practically  no 
pcripberal  action  on  muscle,  nerve,  or  glands  except  the  bitter  effect. 

The  lofol  apttlicaiion  of  itrong  ioiutions  paralyzes  most  nervous  and  muscular  tissues: 
fo-r  instance,  the  heart  muscle,  superior  cervical  ganglion,  striped  muscle  endings. 
l't»e  last  effect  {curare  action,  Lapicque,  1915)  also  occurs  weakly  in  living  frogs.  Small 
<l<>9cs  seem  to  scnsitirc  the  neuro-rauscular  junction,  lowering  the  threshold  to  indirect 
K^nulalion,  and  delaying  fatigue  (Haramett,  iqi6).  The  curare  effects  are  stronger 
io  bracin;  and  methyl-strychnin  may  be  counted  in  the  curare  group.  After  death, 
st-rn/chninized  frogs  cease  to  respond  to  sciatic  stimulation  much  earlier  than  normally 
CGithcns  and  Mc1t7.cr,  igi2). 

Phagocytosis. — This  is  hindered  by  strychnin  invUro  (Arkin,  X913):  but  the  doses 
•J"«  very  different  from  the  clinical. 

Strychnin  -Action  on  Invertebrates. — Strychnin  acts  as  a  weak  protoplasmic 
J>oison  on  ameboid  cells,  yeast,  etc.  Higher  invertebrate  animals  are  also  relatively 
ixasusceptible.  Many  insects  arc  quite  immune;  others  are  only  slightly  injured  (Juch- 
c^xack  and  Griebel,  1910). 

It  reverses  the  positive  pbototropic  reaction  of  certain  aquatic  larvae.  It  expands 
t^c  chromatophores  in  others. 

Strychnin  reverses  the  reciprocal  inhibitory  inner\'ation  of  the  muscular  s>'5tcm  of 
csfcrlhworms,  planarians  and  starfish,  but  not  of  medus.e  orsca-ancmones  (A.  K.  Moore, 
■^Jj.  tgiC).  Its  antagonism  with  nicotin  on  starfish  is  described  by  Moore,  tgao. 
•*^<»mancs,  1SS4.  also  reported  characteristic  effects  of  strychnin  on  jellyfish  and  sca- 
ui-ohin. 

Absorption. — Strychnin  is  promptly  absorbed,  mainly  from  the  intes- 
*-irie.     In  rabbits,  none  is  absorbed  from  the  stomach  proper;  it  is  not 

tiiown  whether  this  is  also  true  for  man. 

Gastric  Ahsorption. — Rather  variable  results  have  been  obtained  by  different  in- 
^^^ligators  when  strychnin  was  placed  in  ligaled  stomachs.  Generally,  alcoholic 
**>liitions  are  absorbed  readily,  aqueous  solutions  scarcely  at  all.  These  results  seem  to 
^^gpcnd  partly  on  the  ligation;  for  from  unligatcd  stomachs  (Pawlow's  pouch)  aqueous 
*oliitJons  ire  well  absorbe<I,  belter  than  alcoholic  (Ryan,  191  i). 

Bicretioa. — A  small  part  of  the  strychnin  is  excreted  unchanged,  mainly  by  the 

^'^'  '  tically  none  in  the  bile  and  feces.     The  excretion  by  urine  starts  within 

'*  T-  after  absorption  (Ipsen,  1893);  and  is  practically  completed  within  forty- 

"^  -.  ...enty-lwo  hours  (Bukunin  and  ^lajone,  190C1;  Hatcher  and  Kgglcslon,  1917), 

'it;h  traces  may  be  found  even  after  five  days  (Plugge,  iRJ^5;  Hale,  1Q09;  Kucnzer. 

'       '  ..       In  the  remarkable  case  of  a  patient  who  had  swallowed  is  grains  and  survived, 

•  Itrwtclt,   1913,   recovered  4*2    grains  from  the  first  stomach  washings,  and  a  total 

^    i^i  groins  from  the  urine,  mainly  between  the  first  and  tenth  hour.     Traces  were 

presfnlon  the  fourth,  none  on  the  fifth  day. 

The  urinary  excretion  of  stnrhnin  can  be  considerably  increased  by  very  active 
fliurcsis  (sodium  sulphate  injection);  but  even  when  this  is  maximal,  it  does  not  save 
*ifc  after  doses  only  20  per  cent,  larger  than  the  M.F.D.  (Hatcher  and  Kgnlcston.  1016). 
Destruction. — At  least  a  fourth,  and  often  much  more,  of  the  administered  strvchnin 
cannot  l.>c  recovered  from  the  excreta  (KobcrtJ;  nor  from  the  tissues  of  mammals,  if 
Uic^  survive  the  administration  three  hours. 

Thedi^nto.ucation  occurs  mainly  in  the  liver,  chiefly  by  destruction,  but  somewhat 
by  ttarage  in  a  loose  combination  (Hatcher  and  Egglcston,  IQ17).  Both  processes  can 
'*  demonstrated  by  the  perfusion  of  the  excised  liver.  Hashed  liver,  however,  destroys 
oftlyinull  amounts. 

Tbc  rapidity  of  the  disintoxication  is  illustrated  b^i'  the  high  tolerance  of  the  repeated 
*'*'^i8tnition  of  fublethal  doses.  When  the  admmistration  is  spread  over  12  days, 
'j  tiftcs  the  ordinary  fatal  dose  does  not  produce  any  permanent  damage  ( Hatcher  and 
'■ftliston,  IQ17;  they  also  discuss  the  older  contradictory  literature). 
^odini,  1018,  claims  that  strychnin  is  disintoxicated  by  cholesterol  and  therefore 
"yikf  cholesterol  content  of  antitetanus  serum.  Confirmation  is  desirable. 
J,  ^Hitribution  in  Body. — In  fatal  cases,  the  str>'chnin  is  found  mainly  in  the  blood. 
^*nd  liidnc>'s,  in  frog-i  especially  in  the  spinal  cord;  but  there  is  no  evidence  that 
'^'yclinin  is  bound  by  spinal  cord  emulsions  (Dixon  and  Ransom,  tgia). 
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W.  Koch  and  Mostrom,  iqii,  found  that  pliosphatUU  increase  the  solubility  of  uS* 
strychnin;  but  this  is  probably  a  simple  solution  phenomenon,  and  has  nothing  to  d< 
with  its  selective  action  on  the  ncn'ous  system.  Lombardi,  iqt^,  also  claims  that  th»< 
toxicity  of  str>'chnin  is  somewhat  diminished  when  it  is  first  digested  with  brain  sufa 
stance;  but  not  if  the  brain  of  a  strychnin-iwisoncd  dog  is  used. 

Influence  of  Absorption  and  Channel  of  Administration  on  Effect. — 
Since  the  capacity  for  the  excretion  and  destruction  of  strychnin  is  rela.- 
tively  great,  the  effect  of  the  same  dose  will  vary  considerably  with  tl 
rapidity  of  its  absorption.  H>'podermic  injections  are  therefore  U 
to  eight  times  more  active  than  oral  administration;  intravenous  inji 
tions  are  two  to  three  times  more  active  than  hypodermic.  The  effects 
of  rectal  administration  approach  more  closely  to  hyr>f><icrmic  Ihan  to 
oral  administration.  The  toxicity  of  strychnin  is  slightly  reduced  \yy 
the  administration  of  large  quantities  lo  fluid  (Kleiner  and  Meltzer,  1912). 
Colloids  have  a  marked  retarding  effect  (Hatcher,  1904. 

Even  very  large  doses  may  produce  no  symptoms,  if  the  experiment  is  arranged 
as  to  make  their  absorption  ver>'  gradual;  for  instance,  by  injecting  it  into  the  ligatu 
limb  of  a  guinea  pig.     A  considerable  quantity  will  l>e  gradually  absorbed  through 
ligatured  tissue;  and  if  the  ligature  is  released,  after  several  hours,  the  effects  wilt 
correspondingly  small. 

Influence  of  Age. — Children  are  said  to  be  comparatively  insusceptibi 
to  strychnin.     In   old   people   with   atheromatous  arteries,   large   d< 
might  lead  lo  apoplexy. 

Increased  Susceptibility  on  Continued  Administration. — The  continu- 
ous use  of  strychnin  does  not  lead  to  tolerance;  on  the  contrary,  the 
repetition  of  its  action  *' educates"  the  nervous  system  to  respond  moi^_ 
readily,  so  that  the  effects  arc  apparently  slightly  increased.  ^M 

AitCT  the  repeated  administration  of  equal  tetanic  doses  to  frogs,  the  spasms  occur 
earlier  and  last  longer  (Mostrom  and  McGuigan,  1912).  In  mammals,  the  ex[>erimenU 
of  W.  Uale»  i<)09,  gave  rather  inconclusive  results,  some  indicating  increased  suscepti- 
bility, others  slight  tolerance. 

Susceptibility  of  Different  AtximAls. — This  varies  greatly.  With  subcutaneou^M 
adminislMtion,  man,  cats,  and  dogs  require  al>out  the  same  dose,  0.75  mg.  per  kilogra^^^ 
to  profJuce  a  fatal  eflect;  rabbits  are  slightly  more  susceptible.  Guinea  pigs  and  fro^^ 
require  about  six  times,  and  snakes  eighteen  times,  this  dose.  With  the  frog,  the  spasms 
appear  with  nne-sixth  the  fatal  dose;  with  the  guinea  pig  they  only  set  in  when  at  le»5^^ 
95  per  cent,  of  the  fatal  dose  has  been  given.  The  differences  for  oral  adminisirati^H 
are  even  greater.  Some  birds  arc  almost  insusceptible  to  oral  poisoning,  the  fatal  dfl4^| 
for  chickens  by  mouth  being  .50  to  40  mg.  per  kilogram;  subcutaneously,  .^  to  5   mg. 

Temperature  on  Convulsions  in  Frogs. — Smaller  doses  suffice  lo  produce  tetanus 
when  the  temperature  is  either  below  or  above  the  ordinary  (55°  to  75  r.).     In  the 
the  tetanus  appears  later,  but  lasts  longer  (Githcns,  1913).    TThc  rapidity  of  onset, 
Urge  do5c»,  ribcs  with  the  temperature  according  to  van't  Huff's  law  (Schlomovitx 
Chase,  1916).    This,  however,  may  depend  on  absorption. 

Toxicology  of  Strychnin. — The  symptoms  and  course  of  strychnl 
poisoning  have  been  sufficiently  described  under  the  convulsant  effect 

Toxic  Dose. — In  man,  5  to  zo  mg.  may  exceptionally  produce  convulsive  efifi 
more  pronounced  with  20  to  30  mg.     These  doses  may  even  be  fatal.    The  ordinarT 
fatal  dose,  by  mouth,  would  probably  be  about  100  mg.     With  efficient  treatment. 
patients  may  be  saved  after  350  mg.;  and  even  doses  of  a  gram  and  over  are  said  lo  havj 
been  treated  successfully  (Hewlett).     The  fatal  dose  of  Nux  Vomica  lies  about  o 
to  3  Gm. 

Time  of  Appearance  of  Symptoms  and  of  Death.— These  depend  upon 
the  mode  of  administration,  the  condition  of  the  stomach,  and  other 
factors  inBuencing  absorption.     With  oral  administration,  the  syroplotm 
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keraUy  appear  in  fifteen  to  thirty  minutes;  the  convulsions  sometimes 
only  aiter  an  hour  or  later.  Death  occurs  usually  in  one  to  three  hours, 
but  the  time  may  be  as  short  as  ten  minutes,  or  as  late  as  nine  to  twenty 
hours,  or  even  later. 

Differencial  Diagnosis  of  Strychnin  Poisoning, — Strychnin  tetanus 
may  be  confused  with  traumatic  tetanus,  spinal  meningitis,  epilepsy, 
or  hysteria.  Traumatic  tetanus  is  characterized  by  previous  malaise  and 
slow  development.  The  convulsions  begin  in  the  jaw.  The  muscles 
remain  rigid  in  the  intermission.  The  course  is  comparatively  slow. 
Strychnin  tetanus  may  also  begin  in  the  jaw,  but  this  is  not  so  conspicuous. 
In  rare  cases  of  strychnin  iM>isoning  the  muscles  also  preserve  their  rigidity 
during  the  interval,  so  that  the  diagnosis  is  sometimes  difficult.  "SMien 
in  doubt,  strychnin  treatment  should  be  used,  as  it  is  beneficial  in  all 
similar  conditions.    The  course  of  the  case  will  clear  up  the  diagnosis. 

In  spinal  meningitis  the  diagnosis  may  be  made  by  the  fever  and 
History.  Epilepsy  d?GFcrs  by  the  loss  of  consciousness;  the  reflexes  are 
normal.  In  certain  cases  of  hysteria  the  diagnosis  may  be  impossible. 
Such  cases  should  also  be  treated  as  for  strychnin. 

Postmortem  Phenomena. — Death  by  strychnin  is  characterized  by  early 
and  often  persistent  rigor.  This,  however,  is  common  to  all  forms  of 
convulsions,  and  is  presumably  due  to  the  increased  production  of  acid. 
The  anatomical  appearances  are  those  of  asphyxia  and  violent  convul- 
sions: venous  congestion,  often  hyperemia  of  the  central  nervous  system, 
and  small  hemorrhages;  in  a  few  cases  hyperemia  of  the  alimentary  tract. 

IdentificatioQ  of  Strychnin. — Strychnin  may  be  identified  in  the  sus- 
pected material,  vomitus,  or  tissues  (after  isolation  and  purification) 
^y  its  taste,  convulsant  effects  on  frogs,  and  chemical  tests  (violet  and 
therry  color  with  bichromate-sulphuric  acid). 

Str>'chnin  largely  disappears  during  puirefaclion;  althouj;h  it  ma^  somctimM  be 
fouDd  evcR  a  year  after  burial  (Sandrich,  1884).  The  failure  to  find  it  is  not  conclusive 
proof  of  its  absence  (Hatcher  and  Eggleston,  IQ17). 

Treatment  of  Strychnin  Poisoning. '  — This  comprises  the  prompt 
administration  of  chemic  antidotes  (permanganate,  iodin,  tannin);  evacua- 
tion by  emetics  or  stomach-tube  (under  chloroform);  suppression  of  the 
convulsions  by  chloroform  and  chloral  or  ether;  and  artificial  respiration. 
Absolute  quiet  of  the  patient  is  imperative. 

Ckemif  Aniidotcs. — Potassium  Permanganate  is  probably  the  most  effective,  if  it 
16  given  sufficiently  early,  since  it  destroys  the  strychnin.  One  gram  (tj  teaspooafulj 
should  be  di!>5olve\i  in  a  quart  of  warm  water,  carefully  decanted,  and  administered  in 
lurabler  dose*  at  short  intervals.  Iodin  (15  drops  of  tincture  in '''*j  glass  of  water)  or 
toonia  (teaspoon  in  f^  glass  of  hot  water)  merely  delay  absorption,  but  this  is  dis- 
tiaclly  useful.  Tea  or  cofiee  should  be  avoided,  since  ibe  caffein  is  synerffistic.  Char- 
coal, or  tx-lter  caramel  or  Fuller's  earth,  are  useful  by  adsorbing  the  strychnin  and 
deUying  its  absorption  fSabbatani,  IQ14;  Fantus,  igis*;  but  their  efficiency  is  limited. 

Evacuntion. — Enicsls  by  zinc  or  copper  sulphate  or  muif'tard  may  be  tried,  or  apMi- 
hin    (although    the  depression   Is    theoretically   objectionable).     Gastric   la\age 

uld  be  done  if  the  patient  is  thoroughly  under  chloroform — otherwise  it  may  start 
fatal  convulsion.  Diuresis  and  catharsis  are  probably  of  little  use.  Very  energetic 
dkurcsis  (aa  by  2  per  cent,  sodium  sulphate  intravenously;  or  drinking  large  quantities 
of  hot  water)  removes  some  strychnin  (Hatcher,  1016;  Kleiner  and  Meltzer,  iQi7);bul 
It  is  unable  to  save  the  anitnai  if  the  minimum  fatal  dose  is  exceeded  by  30  per  cent. 
(Efifl<»lon  and  Hatcher,  1917). 

Physidogic  Antidotes, — Chloroform,  chloral,  paraldehyd,  ether,  etc., 
suppress  the  strychnin  convulsions.     By  preventing  their  p>ainfui  and 

^  T^c  studt^nt  fthouM  review  the  general  "Treatment  of  Pouunlng.*' 
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exhaustive  effects,  the>'  conserve  the  energj'  of  the  patient  so  thai  he 
more  successfully  resist  the  strychnin  depression.     They  also  lessen 
danger  of  tetanic  asphyxia,  and  are  therefore  the  most  useful  anlidot 

Chloral  is  given  in  doses  of  a  Gm.  (H  dram),  with  the  addition  of  another 
( 1 5  grains)  after  half  an  hour  or  longer,  as  necessary.  There  is  some  danger  that  Us  pai 
lytic  effects  coincide  with  those  of  the  strychnin,  and  thus  increase  the  risk.  For  thii 
reason  chloroform  or  fih/:r  is  preferred,  since  their  action  can  be  belter  controlled.  Etbe 
has  the  advantage  that  it  is  not  liable  to  the  dangers  of  late  chloroform  poisoning 
Githens  and  Meltzcr.  1911,  advise  the  intratracheal  insufflation  of  air  and  ether,  com 
bined  with  intravenous  injection  of  Ringers'  solution.  Bickeles  and  Zbyszewski,  igtj 
found  differences  in  the  antispasmodic  action  of  the  various  narcotics;  amylea  hydrati 
being  especially  cflfective.  veronal  very  little,  and  chloral  between. 

Morphin  is  theoretically  objectionable,  since  its  action  on  the  spjnal  cord  is  sj 
gistic  to  strychnin.     It  has  been  employed,  however,  and  its  analgesic  and  euphorij 
action  would  be  useful;  but  it  docs  not  take  the  place  of  ether  or  uhlnral,  which  shouL 
be  preferred.     Other  depressants  which  have  been  used,  but  are  of  doubtful  effid( 
are  broniid,  nicolin,  and  pilocarpin. 

Epinephrin  counteracts  the  cardiac  depression,  on  locaV  application  (JanuscJ 
iQto);  but  systemically,  it  increases  the  convulsive  eCfects,  so  that  there  is  do 
peutic  antagonism. 

Artificial  Respiration^ — This  prevents  or  suppres.ses  the  con\TiIsi( 
and  may  save  life  if  it  is  carefully  maintained  until  ihe  patient  is 
of  danger.     The  effect  is  probably  due  mainly  to  the  removal  of 
synergistic  efifecls  of  asphyxia. 

There  are,  however,  some  conflicting  theories  and  data:  Osterwald,  1900,  claii 
that  strychnin  spasms  are  diminished  by  excess  of  oxygen  in  the  air,  and  vkt  orrji 
This  might  suggest  that  the  result  is  due  to  destruction  of  the  strychnin  by  oxyg^ 
but  there  is  no  other  c\-idence  for  this  \'icw.  Mclt/er  and  Gics,  J903,  found  that  L" 
mere  rhythmic  movements  of  the  chest  were  also  important,  for  these  prolonged  %j 
even  when  the  animals  were  in  an  atmosphere  of  pure  hydrogen.  They  suggest 
this  is  due  to  a  reflex  inhibitor\'  effect  on  the  con^-ulsive  centers.  It  is  also  conceit 
that  it  might  be  due  to  removal  of  carbon  dioxid.  Paradoxically,  however.  R\'an 
Guthrie,  IQ08,  find  that  the  inhalation  of  carbon  dioxid  also  arrests  sto'chnin  com 
sions,  in  frogs  and  mammals.     Difference  of  dosage  may  explain  the  contradiction. 

It  is  claimed  as  a  result  of  animal  experiments  that  the  appUcai 
of  external  heal  also  decreases  the  strychnin  mortality. 


PREPARATIONS — STRYCHNIN 

Strycknina,  U.S. P.,  B.P.;  CsiHiiNtOj. — An -Mkaloid  obtained  from  nux  vomica 
other  plants  of  llie  L^ganiacec  Colorless,  transparent  crystals  or  white,  ciystal 
powder.  Very  slightly  sol.  in  water  (1:6430);  slightly  sol.  in  ale.  (1:136).  Dote, 
mg.,  ^iriRr..  U.S.P.;  1  to  4  mg.,  )>b4  to  MaRr.,  B.P. 

•Strycknit^  NUras  (Strych.  Nit.).  U.S.P.;  C„H„XaO,.HNO,.— Sol.  in  watcr(i:4=) 
slightly  sol.  in  ale.  (XI150).  All  strychnin  salts  occur  as  colorless  crystals  or  whJW 
powder;  intensely  bitter,  even  in  dilute  solutions.  They  arc  incompalibU  with  alkaUiS. 
lodids  and  bromids  (slow  precipitation),  tannin,  arsenates  and  arsenites.  Dose  {of  ftU 
Str>'chnin  Salts),  1.5  mg.,  Ho  gr.,  U.S.P.;  i  lo4mg.,i^4  toMfigr.,  B.P.  Ml 
dose,  o.oi  Cim.,  t(i  gr.  * 

(The  limits  of  incompaiihility  with  alkalies,  iodids  and  bromids  were  in^TSlt 
by  Finnemore  and  Williamson,  1014). 

Stryrk,  Suiph.,  U.S.P.(C:,H„X-0,),.H3l4 -|-  HjO.— Sol.  in  water  {I'-SJ)  And] 
ale.  (1:81).     Dose,  etc.,  see  "Stiycb.  Nil." 

•5/rycA.  HydrorkL,  B.P.;  C«HMNtOi.Ha  +  aHjO.— Sd.  in  water  (1:60). 
etc.,  see  "Strych.  Nit." 

Injfci.  Sirych.  Hyp.,  B.P.— ^,75  per  cent.     Doscy  0.3  to  0.6  cc,  5  to  to  minims, 

Liq-  Stryrk.  Hydrockl.,  B.P. — i  per  cent.     Dose^  0.12  to  o.g  c.c,  3  to  8  minims. 

Eiix.  Frrri,  Quin.  et  Stryckn.  Phosph.,  N.F. — The  dose  (4  c.c,  1  dram) 
(about) :  Strychnin,  i^  mg.,  ?4o  gr-;  Quinin,  45  mg.,  *i  gr.;  Ferric  Phosphate,' 
iH  gr. 
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Syr.  Ferr.  Pho^ph.  c  QuiH.  et  Siryck.t  B.P.(E»ston's  Synip). — Ferrous  Phosphate. 
'7  per  cent.;  Quin.  Sulph.,  t.5  per  cent.;  Strych.,  0.57  per  cent.  Dose^  2  to  4  cc,  }% 
«o  ]  diMi,  B.P. 

A'kj  Vomka^  U.S.P.,  B.P.  (Strychni  semen,  P.I. ). — The  dried,  ripe  seeds  of  Strychnos 
•Viat  Vomica,  Kast  Indies;  yielding  not  Ie,s»  than  3.5  per  cent,  of  total  alkaloids,  l'  S.P.; 
»ot  less  than  1.25  per  cent,  of  strychnin,  B.P.     Dosr,  0.06  Gm.,  i  gr.,  U.S.P.;  o  oft  to 
^-  :»sCm.,  I  to  4  gr.,  B.P.     Maximum  dose,  0.25  Gm.,  4  gr. 
The  constituents  arc  strychnin,  brucin,  tanntn,  fat,  etc. 

The  drug  was  unknown  to  the  ancients,  and  was  probably*  introduced  by  the  Arabs. 
rfae  6r*t  good  description  occurs  in  1540.     Str>'chnin  was  discovered  in  1818. 

The  bark  contains  the  same  prindples  in  less  amount,  but  relatively  more  brucin. 
It  was  formerly  found  in  commerce  under  the  name  of  "false  angostura."  Several 
«-«"row  poisons  arc  also  derived  from  the  Kenus  Strychnos,  especially  the  Upas  Tieutfi 
f  «"om  Java.     Some  of  the  strychnos  species  do  not  contiin  anv  active  principle. 

Nux  vomica  contains  a  small  quantity  of  a  third  alkaloid,  igasurin,  which  has  not 
t>^s«n  closely  studied,  but  which  seems  similar  to  strychnin. 

Ejd.  Sue.  V'om.  Liq.,  B.P. — 1.5  per  cent,  of  strychnin.  Doxe,  0.06  to  o.iS  cc, 
*     tx)  i  minims,  B.P. 

'Exirattum  Nuch  Vomiar  (Ext.  Nuc  Vom.),  U.S. P.;  Bxt.  Nuc,  torn,  Skc,  B.P.— 
A.  powdered  extract;  i  Gm.  representing  about  4  Gm.  of  drug,  10  per  cent,  of  total 
aJlcaloids,  5  per  cent,  of  strychnin.  Dose,  15  mg.,  ^4  K^-*  U.S.P.;  16  to  60  mg.,  H  to  1 
Kr.,  B.P.,  as  pills.     Maximum  dose,  60  mg.,  1  gr. 

Tiwc/Mfd  Nufis  Vomica:  (Tr.  Nuc  Vom.),  U.S.P.,  B.P.;  Tincture  of  Nux  Vomica. — 
t^  per  cent,  of  drug,  0.25  per  rent,  of  alkaloids,  0.125  per  cent,  strjchnin,  in  about  75 
f>«'r  cent,  alcohol.  Miscibic  uith  water  and  ale.  Incompatibilities  as  for  Strych.  Nit. 
Ooji,  a.5  cc,  8  minims,  U.S.P.;  0.3  to  i  cc.  s  to  15  minims,  B.P.  Maximum  dose, 
**5  ^c,  40  minimft. 


PICROTOXIN  GROUP 

General  Statement. — ^The  pharmacologic  group  of  which  picrotoxin 
*s  the  main  representative  produces  a  conspicuous  stimulation  of  the 
Oacxlullarv'  centers,  with  characteristic  convulsions,  slowed  pulse,  etc. 
Tliere  is  also  some  stimulation  of  the  spinal  cord.  These  efTects  are 
followed  by  paralysis.  The  anions  arc  not  utilized  therapeutically,  but 
s-r^  of  some  to.xicologic  as  well  as  scientific  interest,  since  the  members  of 
^e  group  have  often  caused  poisoning. 

The  Principal  Members  of  the  Group. — These  comprise  picrotoxin  from  Cocculua 

tndicus  (the  seed  of  .\namirta  paniculata.  "  Fish-berries,"  used  for  poisoning  fish,  the 

^eah  of  which  becomes  toxic;  also  for  adulterating  beer;  and  in  "knockout  drops.'* 

The  external  use  against  pediculi  has  given  rise  to  toxic  effects);  Ci<:utoxin  from  the 

rThuofsc  CicuUi  viro&a  "Water  Hemlock/*  an  umbeliferous  plant  eaten  by  mistake  for 

Parley,  etc.  (the  American  species,  Cicuta  maculata  and  bulbifcra,  are  also  toxic). 

^icutoiin  is  a  complex  pyronc  derivative,  occurring  as  an  unstable  rtsinous  substance 

'C  .V  Jacobson,  1915).     Some  of  the  dttomposUitm  products  oj  digiiaih  (digitaliresin. 

^xirwun)  are  also  counted  in  this  group. 

Us&  important  members  are:  Coriamyriin  (from  Coriaria  myrtifotia);  and  Tutin 
'from  Coriaria  species  of  New  Zealand)  (C  R.  Marshall,  1910),  W.  W.  Ford,  1910, 
'o«mt  that  tutin  combines  with  nervous  structures,  thereby  losing  its  toxicity;  but  no 
^^i^ttincc  is  ncquired. 

^  Olemic  Nature. — Most  of  the  substances  are  non-alkaloidal,  non-nitrogenous 
''eutral  principles,"  more  soluble  in  alcohol  than  in  water.  Some  arc  glucosida. 
^^etxn  itself  consists  of  a  mixture  (or  perhaps  a  feeble  combination;  Sielisch,  IQ12) 
^■ttfly  equal  parts  of  picrotoxinio  and  pirrotin  (CerveUo,  191 1;  structural  formula, 
^^Sdico,  191  j).  These  arc  closely  allied  chemically  and  have  identical  actions,  but 
P^'Woidnin  acts  far  stronger.  Coriamyrtin  seems  to  vary.  That  first  isolated  by 
'^'^a  was  very  soluble,  while  Merck's  is  almost  insoluble,  but  probably  more  active 
'^MttU.  I91J). 

.  ncrotoxiii  Convulsions. — The  characteristic  effects  on  the  frog,  and  the  localiza- 
'"ra  of  the  convulsions  in  the  mcdulb,  are  described  in  the  "Laboratory  Exercises." 
1^  njiunmals,  also,  the  conxnilRions  are  not  modified  by  destruction  of  the  hemispheres 
'^'tttnwald,  iqoq;  Morita,   1915.)  or  section  below  the  optic  thalami  (PoUocIc  and 
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Uolmcs,  iQiS)-  Direct  application  of  the  cerebral  motor  cortex  prrnluce  some  st 
lation.  The  white  matter  docs  not  respond  to  direct  application  (Maxwell,  iqo6 
1907),  Spinal  Tttanus  may  ofttn  be  obscrvL-d  in  frogs  after  the  medulla  is  destroyed 
the  spinal  stimulation  having  previously  been  masked  by  the  more  intense  stimulatior 
of  the  higher  centers  (LuchsinKcr,  1S78).  The  convulsions  arc  not  so  much  depcndcnl 
upon  retlcv  stimulation,  so  that  they  are  probably  in  part  due  to  a  direct  stimulatit 
According  to  Baglioni,  1909.  the  action  is  located  in  the  sensor>'  cells.  The  mu! 
creaiin  is  not  increased  (O.  Ricsser,  1916).  _ 

Symptoms  of  Picrotoxin  PoisoniBg  in  Mammals. — The  effects  of  convulsive  ba* 
non-fatal  doses  were  described  by  J.  Oichton  Hrown,  1S75,  as:  Salivation  and  vomiting 
(central;  KgRleston  and  Hatcher,  1915);  then  quiet  and  apathetic;  then  restless  anc 
apprehensive;  then  trcmblinj^  of  legs;  lies  on  side,  with  efforts  to  stand;  progre&siveN 
stronger  twitching  of  face  and  neck  muscles;  head  drawn  back.  Then,  suddenly* 
generalized  clonic  convulsions;  clonic  champing  of  jaws;  closing  of  eyelids;  marke* 
frothing  at  mouth;  involuntary  urination;  pupils  dilated  during  the  convulsions.  TU 
clonic  spasms  change  imperceptibly  to  running  movements,  become  slower,  and  finall 
cease.  The  animal  remains  quietly  on  its  side,  and  then,  after  some  efforts,  regains  Om 
erect  position.     After  a  time,  varying  with  the  dose,  the  convulsions  may  recur. 

With  digitaliresin,  toxiresin,  and  oleandrcsin,  the  convulsions  are  preceded 
immobility. 

Rcipiration. — This  is  stimulated  before  the  con\'ulsions;  becomes  irregular  dui 
the  initial  twitching  and  arrested  during  the  clonic  sjwsms  (Pollock  nnd  Holmes,  191 
These  authors  jxiint  out  the  similarity  of  the  respiratory,  convulsive  and  circulal 
changes  with  those  of  epileptic  attacks  <Po11nk  and  Trcadwa^*,  1913).  The  thrcst 
of  the  respiratory  center  to  CO,  is  lowered  by  coriamyrtin  (Wieland,  1915)- 

Spasms  of  the  laryngeal  muscles  lead,  with  the  frog,  to  distention  of  tlie  body 
ftir  and  to  a  characteristic  cry  similar  to  that  sometimes  heard  with  strychnin. 

Circulation. — In  the  early  stages,  the  blood  pressure  may  rise  from  stimulatioo 
the  vasomotor  center.  About  three  to  eight  seconds  before  the  convulsions,  the  bl( 
prcsisurc  falls,  remaining  low  until  asphyxia  sets  in  (Pollock  and  Holmes,  1015). 

Viipis  Center. — The  heart  is  greatly  slowed,  and  may  ever  cease  for  a  time, 
division  of  the  vagi,  the  heart  returns  almost  to  normal.     There  is,  however,  son 
depression  of  the  cardiac  muscle  involved  in  this  slowing.     Later  there  may  Ik- a  qukG 
enmg,  partly  due  to  stimulation  of  the  accelerator  center  and  partly  to  paral>*sis  of  ^ 
vagus  center  and  to  fatigue  of  its  endings. 

The  vomitings  xalivtiry,  and  swrating  cmiers  arc  also  excited.     The  sweat 
however^  be  suppressed  by  vasomotor  constriction. 

Autonfimii   Ccn/cri.— Gruenwald.   1009,  pointed  out  that  picrotoxin  produces 
svmptoms  of  parasympathetic  stimulation:  Contraction  of  pupils,  salivation,  vomilii 
slowed  pulse,  contraction  of  urinary  bladder,  erection,  etc..     These  effects  arc  cent' 
for   they  do   not  occur  after  section   of  the   nerves.    They   arc   not  hindered 
decerebration. 

Va^o-gasiric  Centers. — In  turtles,  the  injection  of  picrotoxin  produces  powerftS 
tetanic  contraction  of  the  stomach.  This  docs  not  occur  if  the  vagi  have  been  divide* 
(F.  T.  Rogers,  1918). 

Uterine  Spasms. — These  have  been  observed,  and  depend  probably  on  stiroulal 
of  the  spinal  cord,  since  they  cease  upon  destruction  of  tnis  organ. 

Paralysis. — With  larger  doses,  all  the  stimulant  cfTccts  give  way  to  paralysis. 

Hemolytic  Action. — Picrotoxin,  cicutoxin,  and  Phytolacca  decandra  are  said  to 
similarly  to  saponin. 

Ejccretion. — This  occurs  by  the  urine;  picrotin  is  partly  unchanged;  the  ptcroloxi 
is  decomposed  (Chistoni,  191?). 

Toxic  Dose. — According  to  Lewin,  0.03  to  0.34  Gm.  of  cocculus  is  toxic,  34  C 
fatal.     Of  picrotoxin,  20  mg  arc  toxic.     The  fatal  dose  is  not  known. 

The  Symptoms  of  Poisoning  in  Man. — These  consist  in  burning  sensation,  nai 
salivation,  cold  sweat,  pallor,  colic,  vomiting,  diarrhea;  pulse  slowed  or  quicken 
palpitation;  shallow  respiration.     These  are  rapidly  followed  by  confusion,  stupor  1 
unconsciousness.     After  one-half  to  three  hours,  trembling,  clonic  and  tonic  convulsic 
These  generally  pass  into  paralysis  and  death  by  asphyxia,  after  several  hours. 

Tke  postmortem  findings  are  those  of  asphyxia.    The  poison  disappears  ni[ 
during  putrefaction  (within  one  or  two  weeks);  so  that  the  toxicologic  analysis  mast 
made  promptly.    The  characteristic  effect  of  the  isolated  poison  on  the  frog  constili 
the  best  test.     The  intensely  bitter  taste  (discernible  in  dilutions  of  i;So,ooo)  t 
arouse  suspicion. 

Treatment. — The  chemic  alkaloidal  precipitants  would  not  be  efficient.  The  I 
treatment  would  be  emetics  (if  vomiting  has  not  occurred),  permanganate,  chkM 
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cWoroform.  and  external  heat.  The  combined  administration  of  chloral,  morphin, 
i'Vi  aunimal  closes  of  atropin  has  been  recommended  as  the  result'of  animal  experiments. 
Hierapeutic  Uses. — The  medullary  stimulation  produced  by  the  group  might  be 
fJpccied  to  have  many  therapeutic  uses;  in  fact,  however,  they  have  not  occn  found 
•»altflble,  perhaps  because  the  effective  doses  are  too  near  to  the  toxic.  Picrotoxin 
to.5  (0  2  mg.)  has  been  used  in  the  night  sweats  of  phthisis,  and  in  epilepsy,  but  with 
»'en'  doubtful  results. 

Solubility. — Picrotoxin  is  soluble  in  about  8  parts  of  alcohol,  or  340  parts  of  water. 
Cocrultts  ItidUus. — The  ointjnent  (j   per  cent.")   and  Tincture  (full  strength)  are 
sometimes  used  against  pcdiculi.    This  use  is  dangerous.     They  should  never  be 
Applied  to  abraded  skin. 


CAFFEIN,    THEOBROMIN,    AND    OTHER    METHYL -XANTHINS 

Members. — This  group  comprises  the  various  methyl  derivatives  of 
ta-nthin  (dioxypurin).  These  occur  in  several  plants;  as  products  of 
metabolism  in  animals;  and  may  also  be  obtained  synthetically.  The 
niosl  important  are  cajcin  (trimethyhxanthin),  the  principal  alkaloid  of 
coffee,  lea,  kola,  guarana,  mat6,  etc.;  iheobromin  (3.7  dimethylxanthin) 
from  cacao;  and  theophyllin  (1.3  dimethylxanthin),  which  is  usually  pre- 
pared s>'nthetically.  Xanlhin  itself,  and  all  its  other  methyl  derivatives, 
produce  the  principal  actions  of  the  group. 

Nature  of^Caffein. — Caffcin  is  capable  of  forming  salts,  and  is,  therefore,  an  alka- 
lowl;  but  it  is  so  feeble  a  base  that  it  docs  not  turn  litmus,  and  the  salts  arc  dissociated 
by  water.  Its  solubility  is  also  peculiar.  It  was  isolated  from  coffee  in  1830  by  Kunge, 
Pdlelier  and  Caventou,  and  Robiquct.  Its  identity  with  the  alkaloid  of  tea  (some- 
times called  Theift*  was  surmised  by  Berzelius,  and  con&rmcd  by  Jobst  and  Mulder  in 
i^iS.    Commercial  caffein  is  now  produced  almost  exclusively  trom  tea. 

Occurrence. — Caffein  occurs  in  plants  of  at  least  sue  families,  which  are  scattered 
oxtr  many  portions  of  the  globe.  It  is  rather  remarkable  that  these  plants  have  nearly 
»11  been  discovered  and  consumed  by  the  natives  as  stimulants.  The  plants  often 
conUin  volatile  products  or  tannin,  which  slightly  modify  their  effects.  Theobromin 
i»  often  aisodated  with  the  caffein;  in  cacao,  the  theobromin  predominates. 

Tbe  chemical  structure  and  derivation  of  the  purin  derivatives  have  been  clud- 
«Utedby  Emil  Fischer.     The  most  important  are  as  follows: 
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Principal  Actions. —  i.  Increase  of  the  reflex  irritability  of  the  cen 
nervous  system  from  above  downward;  leading  to  stimulation  of  the  ps 
chic  areas  (insomnia,  etc.);  of  the  medullary  centers  (respiratory,  vas 
motor  and  vagus);  and  with  large  doses  to  heightened  reflexes  and  tetar 
convulsions.  With  toxic  doses,  the  stimulation  is  accompanied  J 
paralysis.  I 

2.  Increased  ease  of  muscular  contraction,  progressing  to  loss  of  ela 
licity  and  to  rigor;  this  affects  all  forms  of  muscle  to  a  varying  degr< 
The  heart  rate  is  thereby  quickened.  4 

3.  Vasodilation  by  a  direct  action  on  the  vessels,  with  moderate  doM 
this  combines  with  the  cardiac  stimulation  to  quicken  the  circulatio 

4.  Diuresis  results  through  the  interaction  of  several  factors.  , 
Caffein  is  used  as  a  psychic,  muscular  and  respiratory  stimulant;  m 

as  a  cardiac  tonic  and  diuretic.    Theobromin  and  theophyllin  are  probaB 
more  efi'ective  when  the  peripheral  actions  arc  desired.  ^ 

Psychic  Functions. — In  man,  moderate  doses  of  caffein  (to  0.3  Gnr 
produce  a  quicker  and  clearer  flow  of  thought;  disappearance  of  drowsine 
and  fatigue;  more  sustained  intellectual  effort;  more  efficient  appreciati" 
of  sensory  impressions,  and  more  perfect  association  of  ideas  (Kraepeli 
1873;  Dietl  and  Viutschgau,  1878;  Ach,  iqoo;  Hollingsworth,  191 
The  central  actions  of  theobromin  are  relatively  much  weaker  than  ^}^^ 
of  caffein  (Filehne,  1886).  Theophyllin  is  intermediate  (Dreser,  Pouch 
Thomas). 

With  larger  doses,  these  effects  pass  into  wakefulness,  excitement,  and  the  d 
unpleasant  reactions  descritied  under  the  toxicology. 

The  lower  mammals  react  by  restlessness  and  excitement.     The  cat  is  said 
to  become  frantic.     Frogs  do  not  exhibit  any  symptoms  referable  to  the  brain. 

Motor  and  Meatal  Efficiency. — HuUingwortli,  1912,  conducted  a  scries  of  testi 
normal  human  subjects,  which  led  to  the  following  conclusions:  Motor  speed  (tappTl 
is  increased  by  small  and  large  doses  (0.06  and  o.3g  Gm.  of  pure  caffein,  rcspecUvel 
With  the  more  complicated  t>'pewriting,  speed  is  also  increased  by  the  small  dose,  t 
retarded  by  the  large.  Errors  in  tvpcwriting  arc  fewer  with  all  doses.  Axso<iaS\ 
tests  (naming  colors  or  oppositts;  calculations)  arc  speeded  by  all  doses.  Choke  (ca 
cellations,  etc.),  seems  retarded  by  small,  and  stimulated  by  large  doses.  VnsUadim 
(tremors)  of  the  muscles  is  a  frequent  result.  None  of  the  stimulanl  effects  are  foUow 
by  depression. 

The  effects  start  in  i  to  3  hours  after  oral  administration,  and  last  from  3  to  o 
hours;  the  mental  effects  t>elng  more  persistent  than  the  purely  motor. 
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Use  as  ArUuiote  in  Narcotic  Poisoning, — Caffein  is  used  as  an  antidol 
against  acute  poisoning  by  morphin  (Bennett,  1874);  alcohol  (Bin; 
1878);  paraidehyd  (Schroeder,  18S7);  chloral  (Airila,  1913,  Solimann 
The  psychical  actions  are  directly  antagonistic,  the  mental  and  muscula 
co6rdination  being  immediately  improved,  although  the  effect  is  nt 
lasting.  The  respiration  (Voegtlin  &  Wiggers,  1918)  and  circulatio 
may  also  be  somewhat  stimulated,  but  the  effects  easily  become  addltiv 
50  that  with  fatal  alcohol  poisoning,  caffein  is  actually  deleterious.  W 
morphin,  the  conditions  are  probably  more  favorable. 

As  a  stimulant  antidote,  the  caffein  is  usually  administered  as  xtry  strong, ) 
black  coffee,  to  secure  the  synergistic  stimulant  action  of  the  heat  and  oils.  Strof 
boiled  lea,  through  its  lannin,  would  be  a  chemical  antidote  in  poisoning  by  corroi 
metals.     Coffee  has  not  this  precipitant  effect. 

Mutual  Antagonism  of  Aicohol  and  Casein, — This  has  been  studied  cspeciall]^' 
Pilchcr,  iQiJ.  He  found  that  with  the  smalier  doses,  ciich  drug  tends  to  act  qualitatH 
as  if  present  alone.  In  alcohol  sleep,  small  doses  of  caffein  cause  awakening,  re* 
the  reflexes,  and  diminish  the  fall  of  temperature.     With  larger  doses,  there  is  u  qual 
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tiAre  change  in  the  direction  of  preater  deprt's«on.  Light  alcohol  coma  is  intensified 
by  moderate  or  large  duses  of  caflcin;  the  relieves  are  further  depressed.  With  loxic 
d^jcj,  ihc  fatality  is  greatly  increased  if  both  drugs  are  present,  mainly  by  their  deleler^- 
otjs  action  on  the  heart.  ♦ 

Medullary  Centers.— These  are  moderately  stimulated  by  caflfein, 
similarly  to  strychnin.  There  arc,  however,  some  important  diflerencea: 
With  cafTein  the  stimulation  is  on  the  whole  weaker  for  toxic  doses,  but 
rather  stronger  and  much  more  prolonged  with  therapeutic  doses;  and 
there  Ls  Utile  or  no  subsequent  depression,  even  with  toxic  doses.  The 
most  conspicuous  effect  is  on  the  respiration.  The  stimulation  of  the 
vasomotor  and  vagus  centers  is  interfered  with  by  other  factors,  as 
descrit>ed  under  ''Circulation." 

Rcspiraiion. — In  man,  the  respiration  is  only  moderately  increased 
(Edsall  and  Means,  1914),  or  scarcely  affected  by  oral  theraf)eutic  doses 
(Newburgh,  iqi4;  Taylor,  TQ14);  unless  cardiac  dyspnea  is  improved  by 
the  circulatory  effect.  With  h^-podermic  injection  of  0.15  to  0.25  Gm., 
Ihere  is  definite  evidence  of  respiratory  stimulation. 

The  COi  tension  is  markedly  lowered.  _  The  rate  and  depth  of  the  respiration,  and 
the  minute-volume  are  increased.  There  is  also  increased  gas  metabolism,  and  some- 
times bronchial  dilation  (Higgins  and  Means,  1915). 

The  respiratory  resi>oiise  to  C0»  was  not  significantly  altered  by  small  or  large  doaes« 
in   normal  human  subjects  (Grabfield  and  Means,  1Q17). 

Anesthetized  animals  respond  by  increased  rate  (Binz,  1878;  and  generally  also 
inerrased  depth  of  the  respiration  (Heinz,  1890;  Irapens,  1809)-  The  latter  is  probably 
due  to  partial  awakening  from  the  anesthesia;  for  with  decerebrated  anirtals,  the 
u^crreasc  is  confined  to  the  rate,  the  depth  I)eing  unchanged  or  more  shallow  (CusKny, 
'S>«.T^     lohibitorj'  reflexes  are  less  effective. 

Vu  in  A^kpuj. — Coffee  sometimes  gives  reUef  in  asthmatic  attacks.  The  action  is 
P*'Otiab)y  partly  p&ychic,  partly  bronchial;  for  in  guinea  pigs,  it  relaxes  the  bronchial 
"f^^^m  pi^uced  oy  peptone  or  muscarin  (Pal,  igii).  Bronchial  dilation  is  also  somc- 
ti^tics  obser\'ed  in  man  (Higgins  and  Means,  iqis).  F.  Meyer,  1915.  concludes  that 
'^^cin  acts  mainly  by  stimulating  the  respiratory  center  to  greater  effort.  He  coa- 
•■^iers  it  less  efficient  than  atropin,  cpincphrin  or  nicotin. 

Kapiratory  Paralysii  by  Crrebral  Compression. — In  this  condition,  caffein  was  a  less 
^"'tctive  stimulant  than  strychnin  or  especially  cyanid  (Loevenhart  eS  ai.,  191S). 

Spinal  Cord. — Ordinary  doses  of  catTcin  heighten  the  reflexes  (Wood,  igijj  Leeu- 
.**n,  igi.O-  To\!c  doses  produce  convulsions  of  spinal  origin  (Ring.  1901),  which  agree 
*?  all  ciicntial  respects  with  those  of  strychnin;  except  thai  the  tetanus  is  neither  as 
violent  nor  as  prolonged.  The  exhaustion  in  the  intervals  is  also  less  pronounced.  The 
J*^tanus  may  produce  death  by  fixation  of  the  respiratory  muscles.  The  convulsant 
?***«  is  relauvely  large,  and  it  is  therefore  doubtful  whether  it  has  ever  been  observed 
'"  man.  Ordinary  toxic  doses  produce  only  tremor.  In  frogs,  the  tetanus  is  not  in- 
^^''**aed  or  hastened  by  removal  of  the  cerebrum  (difference  from  morphin:  Githena, 

The  patalytif  action  of  large  doses  can  be  shown  in  frogs  by  protecting  the  muscles 
"Ott,  rigor;  i.e.,  bv  ligating  a  leg  exclusive  of  the  ner\'e,  CaCfein  will  then  destroy  its 
^ftcxes. 

Skeletal  Muscle. — Ordinary  doses  of  cafFein  increase  the  functional 
w^tivity  of  skeletal  muscle  so  that  it  contracts  more  readily  and  more 
completely  and  powerfully,  and  is  less  easily  fatigued  (Wood,  igi2). 
"Hiis  improvement  can  be  demonstrated  by  the  ergograph,  as  well  as  in  the 
excised  or  curarued  frogs'  muscle  (Fig.  7).  It  is,  therefore,  at  least  in 
^gepart,  peripheral.  Larger  doses  depress  the  muscle,  and  eventually 
c*us€  it  to  go  into  rigor,  even  in  the  living  animal. 

Tkc  Stimulant  Pkasr. — A  smaller  stimulus  suffices  to  produce  contraction  (Paschkls 
*htl  Pal,  1S86).  The  latent  period  is  shortened.  The  height  and  rapidity  of  the  con- 
^'^ction  are  greater,  and  a  larger  weight  can  be  lifted  (Kobcrt.  1881).  Fatigue  is  less- 
c^i  and  a  greater  amount  of  work  can  be  performed  (Dreser,  xS^o),  so  long  a«  the 
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Fic    7. — Effftl  of  cajTein  on  gaiiroenemiits 

mtudt    of  fioi. nDrmal   traaos; 

—    —   —   after  five   minuter  in   1  :  10,000 
caffein  solution:  in  1  :  1,000  solution. 


load  and  stimulation  are  optimal  |  but  with  excessive  load  or  stimuUtioii,  caffi 
diminishes  the  total  work  (Golowmsky,  1915;.  The  other  methyl-xan thins  affi 
muscle  qualitatively  like  caffein  (Golowinsky), 

The  Depressant  Phase. — As  the  dose  or  concentration  is  increased,  these  effects  1 
reversed.  The  contraction  becomes  leM  powerful,  and  the  cur\'C  resembles  that  of 
fatigued  muscle;  i.e.,  it  is  lower  and  more  drawn  out.  This  lengthening  shows  first 
the  relaxation  (Buchheim  and  Kisenmcnger;  Golowinsky),  eventually  also  in  the  cot 
traction.  The  elasticity  is  lessened.  The  muscle  is  exhausted  more  rapidly  by  tetan 
Similar  muscular  effects  are  produced  by  xanthin  (Paschkis)  and  creatin  (Drcse* 
Resemblance  to  Fatigue. — The  successive  increase  and  diminution  of  the  muscu" 
functions  by  caffein  resembles  the  successive  phenomena  of  work  and  fatigue;  and  sx 
gesLs  that  a  part  of  these  may  be  due  to  the  accumulation  of  the  xanthin  products  wkk 
are  formed  in  metabolism;  but  other  products  which  accumulate  during  work  also  ' 
fluence  the  muscle  similarly  to  fatigue  (Lee,  iqo6). 

Caffein  Rigor. — This  was  observed  by  Voi 
1866,  and  then  invcstiK^tted  by  Johannsa 
and  by  .SchmiedeV»erg,  1S72.  Its  occurre 
in  the  living  body  can  be  demoastruted 
hypodermic  injection  in  certain  species 
frog  (the  European  Rana  temporaria,  i 
the  ordinary  American  laboratory  frog, 
pipiens);  while  another  European  frog  (R 
esculenta)  is  less  susceptible  to  the  rigor,  a 
therefore  succumbs  to  spinal  convulsions, 
both  cases,  the  froR  becomes  rigidiy  extend* 
but  the  rigor  (as  distinguished  from  tetaniii 
persists  after  division  of  the  sciatic  ner^ 
(Johannsen)  and  occurs  after  curare.  T) 
heart  may  continue  to  beat  strongly  for  sofl 
time.  Mammals  also  show  some  stiffness  after  large  doses  of  caffein,  but  actually  ri, 
results  only  if  the  alkaloi  is  injected  directly  into  an  artery.  The  coagulant  action 
possessed  by  other  xanthins,  being  strongest  with  xanthin  itself,  and  progresaivd 
weaker  with  thcobromin,  theophyllin  and  cafTein  (Filehne,  1S86;  Dreser). 

The  muscle  in  caffein  rigor  13  inexcitable  and  appears  white,  bloodless,  stiff  and 
siderably  swollen  and  shortened,  and  Ls  acid  to  litmus  (Ransom,  191 1). 

Microscoftic  Changes. — If  the  caffein  is  applied  to  a  teased  muscle  under  the  micr 
scope,  the  contents  of  the  fiber  arc  seen  to  move;  the  cross-striations  disappear,  and  tl 
longitudinal  striae  become  more  prominent.  The  sarcolemma  becomes  detAchd 
The  fibers  shorten  by  half  (Johannsen). 
These  changes  have  been  studied  by  Secher,  1914,  through  perfusion  tt-ith  diltf 
solutions  of  xanthin  and  the  various  metnyl-.\anthins,  which  all  produce  similar  effed 
The  histologic  changes  increase  with  the  concentration,  to  disorganization  (caifdl 
1:2,000").  Short  of  disorganiiuition,  the  changes  are  reversible.  The  disorgan 
fibers  also  eventually  regenerate,  provided  their  nuclei  are  intact.  Hardening  and  Xxy 
rigor  is  confined  to  the  destroyed  fibers.  Similar  changes  are  produced  by  cnlorofo: 
and  other  poisons,  and  in  other  vertebrates,  although  mammals  require  higher 
cenirations. 

Perfusion  of  the  muscle  with  saline  or  blood,  if  undertaken  soon  after  the  onset 
the  rigor,  restores  the  plasticity  but  not  the  excitability  (v.  FUrtli). 

Coagulation  of  Muscle  Extracts. — Rigor  may  also  be  produced  in  living  animals  ( 
the  injection  of  a  number  of  other  substances  in  sufficient  concentration;  for  tnstanr 
by  chloroform.  .All  of  these,  as  well  as  caffein,  favor  the  coagulation  of  muscle  extrai 
(v.  Fttrih,  iSq6i.  However,  there  need  not  be  any  relation  between  rigor  and  t! 
coagulation;  for  certain  substances  coagulate  muscle  extracts  even  more  actively,  li 
are  incapable  of  protlucing  rigor  during  life. 

Muscular  Effects  in  Alan. — Morse  showed  by  the  ergoaraph  that  moderate  doses 
caffein  (o.i  to  0.6  gm.)  increase  the  muscular  work.  In  the  lirst  hour  this  may 
raised  four  or  five  times;  the  effect  then  lessened,  but  extended  over  two  to  seven  hou 
Practically  all  subsequent  experimenters  have  confirmed  the  increase,  although 
was  not  always  as  great  (Hellcscn,  1904).  Sometimes  the  increase  was  mainly  in  t 
height  of  contraction  (Kraepclin);  with  others,  in  the  numlwr  (Rossi).  This  indical 
that  the  action  is  both  on  the  muscle  substance  (height)  and  on  tlie  motor  centi 
(fatigue).  Rivers  and  Weber.  1907,  found  it  quite  variable,  and  sometime?  follow 
by  a  decrease.  Schumburg  showed  that  the  effect  is  less  when  the  experiment  is  ma 
fasting  on  an  exhausted  muscle.  Hyde.  Root  and  Curl.  1017.  in  fasting  subjects,  foui 
coQuderable  increase  of  muscle  power  and  endurance  after  0.09  to  a.15  Gm.;  b 
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mai^ked  deprcsdon  after  0.23  Gm,  (by  mouth,  as  beverage).  The  increase  of  eflficiency 
«  due  parUy  to  a  lesser  feeling  of  fatigue  ( Rivers  and  Weber),  but  it  is  at  least  in  pari 
per-ipheral,  since  the  efficiency  is  also  increased  when  the  muscle  iLself  is  stimulated 
riectrically. 

Cnaiin. — Caffein,  increase*  ihe  crcabn  content  of  the  muscles,  even  after  curare 
iR^icsser,  19x6.     He  attributes  the  effect  to  increase  of  the  sympathetic  muscular  tone). 

Use  of  Cafein  Against  Fatigue. — The  psychic  and  muscular  action  of 
casein  are  popularly  used  against  fatigue.  This  will  be  discussed  under 
the  "CafFein  Beverages." 

Use  in  Headache. — Fairly  large  doses  of  caffein  (0.5  Gm.  =  7  J-^  grains) 
are  rather  effective  against  certain  forms  of  headache,  such  as  migraine, 
neviralgia,  fatigue,  etc.  It  may  be  combined  with  acclanilid.  It  does  not 
prevent  the  depressfenl  effects  of  the  latter;  but  rather  increases  its  tox- 
icity (Hale,  1909;  Salant,  1912);  it  also  increases  the  toxicity  of  alcohol 
Mi<i  barium  chlorid  by  its  circulatory  action.  CaSein  is  useful  in  some 
cases  of  ftcrvous  dyspepsia. 

Smooth  Muscle. — The  effect  of  caffein  on  smooth  muscle  consists  in  a  longer  and 
niore  pcrbbtcnt  contraction  curve.  Larger  doses  prolong  the  period  of  relaxation. 
The  lone  seems  to  be  affected  difTercntly  in  vaqous  muscles.  The  arteries  are  relaxed 
by  relatively  small  doses;  whereas  ihe  caffein  has  a  tonic  effect  on  the  pelvic  portion 
^  the  ureter  (Lucas.  1907).     It  has  ver>'  little  effect  on  the  uterus  (Rohng); 

fntcitinfs. — Caffein  has  little  or  no  effect  on  normal  peristalsis  (Nasse,  iSC)6); 
Wt  direct  contact  with  excised  iniesthie  modiiies  llie  functions.  Salant  and  Schwartze, 
iQ'O.  state  that  the  contractions  arc  stimulated  by  dilulc  solutions  (Caffein,  1 :  10,000; 
th^ohromin,  i :  35,000;  theophylHn,  1 :  50,000) .  Higher  concentrations  ( 1 : 2,000) 
produce  marked  depres5don  of  the  rhythm  and  tonus. 

Other  Peripheral  Actions. — Caffein  has  no  action  on  peripheral  nervous 
structures  when  it  is  used  systemically  (Aubert,  1872);  nor  does  it 
ciuse  any  local  irritation. 

It  has  a  paralyzing  action  only  when  it  is  applied  in  a  very  strong  paste  directly  to 
tte  nerve  (Prail).  It  docs  not  act  on  any  ^angiioy  nor  on  any  flanks  other  than  the 
lu'lncy;  nor  on  red  corpuscles,  nor  on  fibrin  formation.  Small  doses  increase  the  move- 
Deals  of  leucocytes  m  shed  blood,  whilst  higher  concentrations  kill  them.  Arkiu, 
11^3.  found  phagocytosis  unaffected,  in  vitro. 

t^nwer  OrgaHisms. — The  action  of  caffein  on  these  are  not  characteristic  (Brunton. 
^3:  oxidation  of  guaiac;  Haskins,  1Q03:  gas  formation  by  yeast;  Bokorny,  1804,  and 
t^rtDtschev^-sky.  1Q0.3:  amcbac;  Romanes,  1K67:  medusae;  SoUmann,  190b:  adult  and 
^bryonic  6sh;  Pickering,  1S93:  embryonic  chick's  heart;  Ransom,  igiz:  germination 
"tJeedsl. 

Metabolism. — The  results  of  different  investigators  have  been  con- 
tradictory, but  it  appears  that  callein  causes  a  rather  small  and  variable 
Micrease  in  urea  and  COj.  Both  effects  are  probably  indirect;  the  urea 
^ing  explained  by  the  diuresis,  the  CO3  by  the  increased  movements. 
This  also  explains  the  slight  rise  of  temperature. 

Bttioi  Metabolism. — Means,  Aub  and  Du  Bois,  191 7,  find  constantly  in  man  increase 

'7  ^  2i  per  cent.),  of  basal  metabolism  from  doses  of  0.5  to  0.65  Gm.;  the  maximum 

"^'^^ning  in  I  to  3  hours.     The  rcspirator>'  quotient  was  not  changed.     The  elimination 

^  *^er  from  the  lungs  and  skin  was  increased.     The  total  nitrogrtt  of  the  urine  was 

*««lncrcnscd  by  6  to  37  per  cent.    The  pulse-rate  showed  no  significant  changes. 

The  earlier  mvestigators  claimed  diminished  urea  excretions  (J.  Lebmann,  1853; 

'^'^'       -4.  and  others),  with  var>*ing  results  as  to  COj.    The  eariier  work  has  not 

Tied,  and  may  possibly  be  e\-plained  by  imperfect  methods.     (However, 

—-.  .'.clkcr.  1913,  describe  decreased  \  elimination  after  thcophyllin  in  health  and 

^J*!  disease:  whilst  Endilyi  cbiims  an  increase  of  iV  after  thcophyllin  or  thcohroniin. 

^  contradictions  probably   depend   on   differences  of  diuresis.)     C.   J.   Lchmann, 

''^l.  Koux  and   others  have  demonstrated   increased   urea  excretion  after  caffein: 

*^°d>en^  increased  beat  production;  Hcerlein,   1892^  Kdsall  and  Means,  xgi4«  ana 
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Higgins  and  Means,  1915.  fouDd  increased  CO9  and  Ot  jnetaboUsm,  witb  therapeud 
doses.  Salant  and  Phelps,  1910,  and  Salant  and  Kicger,  1914,  found  slight  changes  I 
the  excretion  of  creatin  and  creatinin.  1 

Temperature. — The  rise  was  demonstrated  by  Binz  and  Peretti,  1878.  It  is  vei; 
slight  in  normal  animals  ( i"  to  i.5°C.)-  It  is  perhaps  rather  more  effective  in  preventii) 
the  fall  of  temperature  which  occurs  in  light  narcosis,  but  is  ineffective  in  deep  narcod 
(Pilcher,  igii).     The  rise  is  much  greater  in  thyroidectomizcd  dogs  (Karelkin,  1Q14). 

Glycosuria. — During  the  cafTein  or  thfobroniin  diuresis,  tlierc  is  commonly  a  sligli 
h>'per5lyccmia  and  glycosuria,  especially  in  rabbits  fed  on  carbohydrate  food.  How 
ever,  it  occurs  also  m  fasting  animals  i\\.  Hirscb,  1915^  It  may  be  induced  fa 
oral  administration,  also  in  cats,  but  not  in  dogs  (Salant  and  Knight,  1909).  Tl 
phenomenon,  which  occurs  also  with  other  diuretics,  has  not  received  a  satisfai 
lory  explanation  (Miculicich,  1912).  It  is  not  renal,  for  sugar  appears  in  the  urii 
only  when  there  is  a  considerable  rise  of  blood  sugar  (Hirsch).  Tne  h>T>erKlyccmi 
indicates  increased  glycogenolj^is,  which  resembles  that  produced  by  pioOre  (Kish 
1900^.  Like  this,  it  is  generally  ''but  not  alwa\-s;  Jarisch,  :9i4)  prevented  by  scctio 
of  the  splanchnics,  excision  of  the  suprarenals  (A.  Mayer,  1906)  and  by  nicotin  (Hit! 
vama,  1911).  It  must  therefore  he  usually  central,  perhaps  through  increased  refl« 
irritability;  but  under  certain  conditions  it  is  also  pcnpheral  (Jarisch). 

Digestion. — The  effects  will  be  discussed  under  the  beverages. 

Circulation.-  -CafFcin  acts  on  the  heart  and  blood  vessels,  peripheral! 
and  centrally.  The  effects  are  therefore  complex  and  vary  with  th 
dose  and  other  conditions.  The  predominant  action  of  therapeutic  an 
moderate  physiologic  doses  consists  in  vasodilation,  combined  with  sufl 
cienL  cardiac  stimulation  to  maintain  the  blood  presstire,  or  even  torai 
it  somewhat.  Both  actions  should  combine  to  favor  the  blood  flow,  an 
would  therefore  be  useful  in  circulatory  diseases;  the  diuretic  action  bci 
a  further  desirable  feature.  On  the  other  hand,  the  effects  of  caflfcin  ai 
not  so  powerful  nor  so  lasting  as  those  of  digitalis;  and  its  side  actions  of  I 
interfere  with  its  use.  The  other  mcthyl-xanthins  act  very  similarly 
caffein,  and  the  same  description  probably  applies  to  all. 

Stages  of  Action. — The  effects  in  animals  may  be  divided  into  ll 
immediate  effects  of  intravenous  injection,  the  more  persistent  efTects 
moderate   (stimulant)  doses;  of  larger  depressant  doses;  and  fatalit 
(Sollraann  and  Pilcher,  1911;  Wood,  1Q12;  Salant,  1913;  Pilcher,  igiij 

IttJnncHous  Injection  of  Casein. — This  produces  a  fairly  severe  (all  of  blood  pressui 
with  prompt  recovery.  The  acute  fall  of  pressure  is  prcsumabiv  due  to  depression  of  t1 
mvocardium  by  the  concentrated  drug.  It  does  not  occur  with  other  methods  of  ai 
mmistrdtion.  and  therefore  has  little  practical  importance.  It  is  not  characteristic  fi 
caffein.  but  occurs  with  many  other  arugs.  The  organ  volume  (oncometer)  falls  w 
the  pressure  (indicating  that  the  action  is  cardiac).  Direct  olscrvation  of  the  he 
shows  dilation  with  diminished  excursions.  The  heart  rate  is  quickened  and  the  va 
motor  and  respiratory  center  are  stimulated  by  the  low  pressure. 

Stimttiont  Doses. — Small  and  moderate  doses  (to  20  mg.  per  kilograi 
generally  produce  a  slight  (10  to  20  mm.)  rise  of  blood  pressure,  usual 
with  more  or  less  increase  of  the  heart  rate.  The  tone  of  the  heart 
increased  and  the  amplitude  of  its  excursions  may  be  greater.  Thi 
and  the  faster  rate,  raise  the  output  of  the  heart.  The  vein  pressure 
not  changed  (Capps  and  Matthews,  1913).  The  blood  flow  is  increase 
(Landgren  and  Tigersted.  i8g2;Loewi,  1905).  The  volume  of  the  spland 
nic  organs  (Phillips  and  Bradford.  1887;  Albanese.  1881;  Gottlieb  an 
Magnus,  1901;  Loewi,  1905)  and  of  the  cerebrum  (Roy  and  Sherringt 
1887)  increases.  This  oncometric  change  is  more  marked  and  mofl 
persistent  than  that  of  the  blood  pressure,  and  therefore  indicates  a  marki 
vasodilation.  It  has  been  claimed  that  the  dilation  is  more  powerfl 
in  the  kidney  than  in  other  organs  (Phillips  and  Bradford;  Loewi);  \n 
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in  fact  it  seems  to  be  about  equal,  at  least  in  the  splanchnic  area  (SoUmarui 
and  Pilcher).    The  vasodilation  is  peripheral,  since  the  perfusion  method 
sho^ws  that  the  vasomotor  center  is  actually  stimulated.     Ordinarily,  the 
peripheral  dilation  is  more  powerful  than  the  centra!  constriction;  but 
under  some  conditions  the  constriction  may  predominate,  so  that  the 
oncometer  falls  with  the  rising  pressure.     This,  however,  is  very  excep- 
tional.    The  older  conception  of  a  powerful  and  constant  constriction  was 
based  on  slender  and  indirect  evidence  (mainly  on  the  experiments  of 
Wagner.   1885,  and  Schroeder,  1886).     Vinci,   1805,  found  that  caffein 
gave  a  much  larger  rise  of  blood  pressure  (presumably  cardiac)  in  animals 
which  had  been  weakened  by  anemia  or  starvation. 

DepTcssanl  Doses. —  Doses  of  caffein  above  40  mg.  per  kilo^nim  progressively  lower 
Ihc  blood  pressure,  until  a  level  of  60  to  85  mm.  is  reacnedt  with  doses  of  about  140  mg. 
pet  kilogram.  ThU  level  is  then  mauitained  until  death  approaches.  If  the  original 
TUtsfiure  was  low,  it  may  not  be  further  lowered.     The  tone  of  the  heart  is  decreased, 

'  ii  It  gradually  dilates,  and  the  amplitude  of  the  excursions  and  the  output  arc 
-led.  The  oncometer  falls  with  tliir  blood  pressure,  so  that  cardiac  depression 
i-  Wit  .lominant  element.  It  is  accomnanied,  ho\vc%'cr,  by  a  progressive  and  finally 
coQplcle  vasomotor  paralysis,  when  epinephrin,  splanching,  and  other  forms  of  vaso- 
motor stimulation  become  less  and  less  cflcclivc.  (lipincphrin  still  causes  a  relatively 
miaU  rise  through  cardiac  stimulation.)  The  vasomotor  center  can  be  shown  (by  the 
peHuuon  methodj  to  be  stimulated  even  after  very  large  doses;  but  this  stimulation 
CM  not  become  effective  against  the  peripheral  paralysis. 

fc/W  Doses. — Death  occurs  by  acute  cardiac  failure.  Caffein  serves  to  lower  the 
^'^':  Unie  of  the  heart,  so  that  the  fatal  dose  may  vary  greatly  in  different  animals. 

Faclore  Involved  in  the  Circulatory  Actions  of  Caffein. — These  may  be  summarized 
■LiiulloAs:  Cardiac  stimulation  or  depression,  according  to  the  dose  and  rapidity  of 
'bjfction 

Increased  heart  rate,  not  due  to  vagus  depre*sion.  If  the  vagus  is  intact,  there  may 
t>t  fUming  through  centraT  stimulation,  but  ^rith  hirge  doses  the  heart  escapes  from  the 
^^gui  tone. 

V»sodilation.  through  peripheral  depression  of  the  vasoconstrictor  mechanism. 

Central  vasoconstrictor  stimulation  generally  ineffectual;  also  convulsive  stimula- 
tioii 

Cardi.ic  irregularities,  with  large  doses. 

Direct  Action  on  Blood  Vessels. — These  tend  to  dilate  when  excised  organs  are  pcr- 
tartwiih  caffein  (Beco  and  I'lumicr;  Cow,  191 1).  The  effect  is  not  very  great  with 
oMd  alone,  since  the  vessels  are  already  dilated  after  death;  but  very  little  caffein 
"^^fcti  to  counteract  the  constrictor  effect  of  epinephrin  (SuUmann  and  Pilcher).  The 
O^a  must  therefore  act  on  or  beyond  the  structure  stimulated  by  epinephrin;  i.e., 
0*  ibe  rrtcplivc  or  muscle  substance. 

Special  Vessels. — The  Coronary  Vessels  are  not  affected  directly  by  caffein  or  theo* 
bromin  (Bond,  1911;  Rabe,  igi:);  but  in  intact  animals  there  is  increased  blood,  flow 
uid  uitne  passive  dilation  with  therapeutic  doses,  when  the  blood  pressure  rises  (F. 
^'*>n.  iQi  i).  Toxic  doses  generally  dilate  (Sakai  and  Saneyoshi,  1915;  Macht,  1915). 
Tktiuttfi  Vessels  arc  first  constricted,  soon  ceding  to  dilation  (Hcrczin,  1914).  Macht, 
*9i4.  observed  dilation  of  excised  pulmonar>-  artery'.  Tbeobronrin  was  practically 
^tivc.  Baehr  and  Pick,  1913,  found  no  effect  with  caffein  on  long  perfusion.  The 
^^  trills  are  dilated  (Bcrezin,  1914).  The  vessels  of  the  pin  mater  and  reltna  are 
rfiUicJ  during  life  (Hirschfelder,  1915).  The  dilation  of  the  eye-vrsscb  may  raise  the 
iMra.ocular  tension  even  with  falling  systemic  blood  pressure  (Wcssely,  1915). 

Hovrcvcr,  K.iphacl  and  Stanton  found  no  changes  in  the  human  brain  vMume 
'P^''fi)-5mograph)  after  intravenous  injection  of  0.25  Gm.  of  (absolute  I  caffein. 

^  Heart  Kate. — When  the  vagi  are  intact,  small  doses  of  caffein  may  cause  some 
^*>tu|  through  stimulation  of  the  vagus  center  (Swirski,  1904)  and  increased  vagus 
^"titahbiiy  (Kredericq.  191.?).  This  slowing  does  not  occur  in  all  animals.  With  larger 
**?*.or  alwaiys  if  the  vagi  arc  paralyzed,  the  rate  is  markedly  quickened  With  the 
viffi H»n,^(.rj  2  mg.  per  kilogram  increases  the  rate  by  25  per  cent.;  20  mg.  per  kilogram 
t.:  30  to  100  mg.  by  50  per  cent.  Beyond  this  there  is  no  further  increase, 
'■  shows  arytkmia  and  irrcvitariiy.  The  quickening  is  evidently  not  due  to 
•'."'  tn.prcssion,  since  it  occurs  after  section  of  the  vagi  or  atropin  (Johannsen,  1S69, 
"*lotI)ersl,     The  vagus  tone  is  indeed  lost  after  Urge  doses  (Aubert,  1872,  and  others), 
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and  the  response  to  vagus  stimulation  is  uncertain;  but  direct  central  vagus  stimuli 

tion  may  still  cause  martccd  slowing. 

Nor  is  the  quickening  due  to  stimulation  of  the  acrtlrraUir  mechanism.  "Plh 
effect  occurs  after  excision  of  the  stcUatc  ganglia  and  In  the  excised  mammalian  hea.fi 
SvWrski,  1904,  found  that  when  the  ca0ein  quickening  had  reached  its  maximum  ^  } 
further  increase  would  be  obtained  by  Blimuiaiitig  the  accelerator.  (Large  do^Ki 
destroy  the  response  to  accelerator  stimulation,  Frcdericq,  1913.)  Cushny  showed  tVaai 
the  details  of  the  cardiac  curve  arc  different  in  caffcin  and  accelerator  stiraulatioa 
Dixon,  1903,  found  that  caffcin  quickens  the  heart  after  apocodcin,  which  paralyase* 
the  accelerator  endings.  Pickering,  1893^  observed  it  in  the  embryonic  chicle's  heart 
tjeforc  the  ner\-ous  structures  had  become  developed.  The  quickening  must  therefore  kt 
due  to  increased  contrarltbility  of  the  muscle  snbsttinet  itself. 

Frog's  Heart. — Small  doses  mcreasc  the  rale  (Voit,  i860),  excursions  (Wagner,  18S5), 
pulse  volume,  and  especially  the  absolute  force  or  maximal  resistance  (Drcscr,  18S;). 
The  diastole  is  shortened  more  than  the  systole. 

Large  doses  cause  slowing  and  weakeninR  (Maki),  with  diastolic  tendency  (Fa\.-«I), 
The  heart  beats  for  some  time  after  the  skeletal  muscles  are  in  rigor  (Wagner).  The 
final  arrest  may  be  either  in  systole  (Johannsen,  i86pj  or  diastole  (Faval). 

With  hypodermic  injection,  the  stimulant  dose  is  5  mg.;  the  depressant  25  ng 
(WagncrK  Dropped  on  the  exposed  heart,  i :  10,000  is  stimulant,  and  i :  100  deprcssaof 
(Sollmann). 

The  terrapin's  heart  responds  similarly  to  the  frog's  (Beyer,  1885). 

Perfusion  of  the  meditlla  in  turtles  with  0.04  per  cent,  of  caffein  has  practically  on 
eflfect  on  the  heart  rate,  in  contrast  with  strychmn  (A.  D.  Bush,  iqjq). 

Excised  Mammalian  Heart. — When  studied  by  modifications  of  the  Laogendorfl 
method,  caffcin  and  the  other  xanthins  produce  increased  rate,  amplitude,  and  force (rf 
the  cardiac  contraction,  and  genemlly  quickened  coronary  flow  (Heabom.  i8o9;0.  Loeb, 
JQ04;  Bcco  and  PlumJcr,  iqo6;  Lifschitz,  1007;  Plavec,  iqoq).  The  increased  amplitude 
is  first  in  the  systole,  then  also  in  the  diastole;  but  the  cardiac  tone  is  not  increaxd 
(Plavec).  The  stimulation  is  greatest  with  thcophyUin,  then  thcobromin,  then  cafftin, 
The  coronary  vasodilation  is  also  greatest  with  tneophyllin,  but  least  wit}i  iheobroniia 
ThJs  indicates  that  the  increased  flow  is  not  simply  due  to  the  increased  contractions. 

These  experiments  seem  to  refer  only  to  stimulant  concentrations,  and  they  may  be 
considerably  modified  by  changing  the  conditions  (Lifschitz,  1907;  Plavec,  1909;  Bock, 
1900). 

Electrocardiograms  from  the  excised  mammalian  heart  show  that  whilst  the  thret 
principal  methyl  xanthins  agree  in  quickening;  the  rate,  they  diflcr  in  their  effects  od 
conduction.  This  is  depressed  by  theobromin,  increased  by  caffein  and  theophyliifl 
(Sakai,  1919). 

Mammalian  Heart  in  Situ. — The  effects  of  the  various  doses  were  studied  by  Pilchcr. 
1912,  with  the  results  described  under  the  general  discussion  of  the  circulatory*  eflecU 

Experimental  Heart-block. — In  complete  block,  caffein  increases  the  strength  of  ll* 
ventricular  contraction.  larger  doses  produce  ventricular  extrasystolcs  and  t»chy- 
cardia.     The  strength  of  the  auricles  is  temporarily  quickened  (Egmond,  1913)- 

Circiilatory  Efifects  in  Man. — These  correspond  with  what  would  be 
expected  from  animal  experiments.  With  doses  to  1,5  Gm..  the  acuW 
effects  are  inconstant  and  generally  slight.  The  heart  rale  may  bestowed 
or  quickened  or  unchanged  (literature,  Sollmann  and  Pilcher;  Wood, 
IQ12).  Palpitation  is  common,  but  apparently  largely  subjective.  The 
blood  pressure  may  rise  (Wood,  1913);  or  fall  (Mirano,  1906);  or  remain 
unchanged  (Lucas,  1914;  Newburgh,  1914).  The  volume  of  the  human 
arm  is  diminished  (Hewlett,  1913).  The  bltHxl  flow  tends  to  improve  by 
increased  systolic  output. 

Human  Blood  Flow. — Hypodermic  doses  of  0.3  to  0.5  Gm.  in  resting  men,  produce* 
definite  increase  of  the  total  blood  flow  (Krogh-Lindhard  method).     The  improveraer 
occurs  by  increased  systolic  output.     It  does  not  occur  during  work.     Mcans> 
Newburgh,  1915,  attribute  the  rest  effect  to  increased  venous  return  to  the  heart. 
Borne  action  outside  of  the  heart.     During  work,  the  venous  return  is  adequate  t\ 
without  caffein,  and  is  not  materially  increased  by  the  drug. 

Blood  Pressure. — In  advanced  myorardilis,  full  and  continued  doses  of  caffcin  (al 
1  Gm.  per  day)  cause  a  progressive  and  permanent  lowering  of  blood  pressure,  rea< 
■  total  of  10  to  50  mm.     This  is  parallel  to  the  diuresis,  and. to  the  ndief  of  the 
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a&d    other  symptoms  fL.  Taylor,   1Q14).     Thcobromin  docs  not  lower  the  pressure, 
ulthcvugh  it  is  otherwise  equally  nr  more  efficient. 

'Therapeutic  Effects  on  Circulation. — The  meihyl-xanthins  are  used  as 
cardiac  stimulants  in  syncope,  and  especially  in  cardiac  dropsies.  They 
lack,  the  permanent,  tonic  action  of  digitalis,  but  are  useful  as  adjuvants 
or  "when  a  quick  effect  is  desired.  In  Taylor's  myocarditis  series,  the 
results  were  excellent  in  one-half,  moderate  in  one-fourth,  and  unsuccessful 
in  one-fiilh.  Theobromin  is  effective  on  the  first  day,  if  at  all,  so  thai 
its  usefulness  can  be  determined  more  quickly  than  with  caffcin.  Further- 
more, the  side  actions  of  caffein  interfere  with  its  employment,  especially 
in  excitable  patients.    Theobromin  therefore  deserves  preference. 

In  hypotension  and  infectious  diseases,  caffein  fails  to  improve  the 
circulation  (Newburgh.  1914;  Lucas,  1914). 

Clinical  Side  Actions. — Effective  doses  of  caffein.  especially  in  cardiac 
cases,  produce  palpitation,  insomnia,  nausea,  vomiting,  headache,  vertigo, 
restlessness,  anxiety  and  sometimes  delirium.  Theobromin  is  relatively 
(ree  from  these  objections,  but  they  may  arise  (Seiferl,  Nebenwirkungen, 
1915,  p.  138).  They  are  also  produced  by  iheophylHn  (Widmer,  1914; 
Scifert,  I.e.,  p.  lu).  The  side  actions  occur  much  more  violently,  and 
with  much  smaller  doses  (0.3  Gm.  of  catTein  per  day,  or  even  less)  in 
patients  with  ittterstilial  nephritis  (L.  Taylor). 

Effects  on  the  Urine. — The  most  important  therapeutic  effect  of  caffein 
consists  in  a  considerable  diuresis.  The  increase  concerns  mainly  the 
water  of  the  urine.  The  absolute  quantity  of  all  urinary  solids  is  also 
increased,  but  less  than  the  water,  so  that  their  percenlapje  is  lowered. 
The  efficiency  varies  with  conditions,  especially  with  the  amount  of  water 
in  the  body  (Widmer.  IQ14);  the  diuresis  is  most  abundant  in  dropsical 
conditions,  and  fails  entirely  with  dry  food.  It  is  much  greater  in  man 
and  in  wet-fed  rabbits  than  in  dogs.  Cats  practically  do  not  respond.  It 
fails  also  in  glomerular  nephritis,  but  is  effective  in  tubular  nephritis  unless 
^e  vessels  are  involved.  The  albumin  in  nephritk  may  be  increased, 
Thcobromin  and  especially  theophyllin  are  more  effective.  This  difference 
IS  explained  in  part  by  the  relatively  larger  doses  which  can  be  taken 
^ilhoul  prohibitive  side  actions. 

Mnhanism  of  the  Diuresis. — No  agreement  has  been  reached  on  this 
subject.  The  fact,  that  the  output  of  all  the  urinary  solids  is  increased. 
points  to  increased  glomerular  filtration,  either  by  improvement  of  the 
'^rculation.  or  by  a  change  in  the  endothelium. 

The  increased  renal  circulation  resulting  from  the  simultaneous 
citdiAc  stimulation  and  vasodilatation  must  be  a  powerful  factor,  and  may 
in  itself  suffice  to  explain  the  diuresis.  The  theory  of  stimulation  of  the 
'waeton.^  epithelium."  which  is  still  widely  accepted,  was  advanced  by 
von  Schroeder,  mainly  because  he  could  nqt  explain  the  diuresis  by  the 
blood-pressure  changes;  but  he  was  ignorant  Of  the  dual  and  complement- 
*^  action  of  caffcin  on  the  heart  and  vessels.  At  present,  its  main 
*uiiDorts  are  the  occasional  failure  of  complete  agreement,  in  minor  details, 
circulatory  and  urinary  changes;  the  perfusion  experiments  of 
and  Plant,  19x5;  and  the  increase  of  oxygen  consumption 
^arcroft). 

^ikiion  of  Cafcin  Diuresis  to  Circul<ilion.—Sc\iTocdcr,  1886  and  1887  (and  inde- 

pe»dently»  Langaard)  found  that  morphiniztd  rabbits  often  fail  to  nrsfjond  to  caffein. 

iming  this  In  be  due  to  vnsoconslriction,  he  administered  chloral  to  paralyze  the 

>icr,  or  divided  the  renal  nerves,  and  now  found  caffcin  uniformly  effective.    Thi& 
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appeared  to  show  that  the  diuretic  effect  was  opposed  by  the  assumed  vasoconstrictor 
enect  of  caffein.  However,  it  is  now  known  that  cafiein  ordinuruy  causes  vasodilation 
and  not  vasoconstriction;  and  von  Schrocder's  results  have  not  alwuvi.  been  con  tinned 
by  later  observers  (Lroewi,  1905).  They  were  probably  due  to  thcmorpbin.  It  appears. 
that  chloral  hcghtcns  the  response  to  caflfcin,  but  von  Schrocdcr  himself  showed  that 
the  same  result  is  attained  by  paraldehyd  in  doses  which  certainly  did  not  paralyze  the 
vasomotor  center.  The  synergism  may  perhaps  be  explained  as  a  s'mple  summaUoik 
of  the  vasodilator  effect  of  the  two  drugs  (Albanese,  rpoo).  The  combination  of  caffein 
with  salines  also  gives  a  greater  diuresis  than  either  alone;  whilst  a  mixture  of  the 
several  mclhyl-xanthins  only  gives  simple  addition  (Schlosscr,  191^1). 

When  the  diuresis  is  compared  with  the  changes  in  the  oncometer  (Phillips  and 
Bradford,  1887;  Gottlieb  and  Magnus,  1901;  Loewi,  Fletcher  and  Henderson,  1905), 
they  are  found  to  exhibit  a  rcmarkublc  parallelism.  During  the  intravenous  fall,  the 
urine  flow  ceases;  as  the  oncometer  recovers,  the  urine  resumes,  to  reach  its  maximum 
with  the  rise  of  the  oncometer,  after  which  both  shade  gradual!}'  back  to  the  normal. 
After  large  doses  of  caffein,  there  is  neither  dilation  nor  diuresis. 

If  the  conditions  are  otherwise  unfavorable  to  diuresis,  as  in  dry-fed  animals  or  when 
the  kidneys  have  been  injured,  the  caffein  dilation  may  fail  to  result  in  diuresis  (Loewi; 
Pliillips  and  Bradford].  Other  discrepancies  have  occasionally  been  noted  (Gottlieb 
and  Magnus,  1901),  but  they  arc  exceptional  and  usually  insignificant;  especially  in 
view  of  the  statement  of  Ix)ewi  that  the  blood  flow  may  be  increased  (as  judged  by  the 
arterial  color  of  the  blood  in  the  renal  vein)  even  when  the  kidney  volume  is  kept  con- 
stant by  encasing  it  in  plaster. 

The  restitution  of  blood  after  hemorrhage  is  not  modified  by  the  caffein  diuresis, 
that  there  is  no  sign  of  altered  permeability  of  the  vessels  (Gaisboeck,  191 1).     The 
cosity  of  the  blood  is  said  to  be  diminished  (Loria,  1912). 

DcncrvntcJ  Kidney. — Excised  and  rc-imptanted  kidney,  after  resumption  of  its 
normal  function,  responds  in  the  normal  manner  (oncometer  and  diuresis'  to  thco- 
bromin  and  caffein;  also  to  urea  and  hypertonic  saline  ((^inby,  ioi7».  M 

Fcrjusi&n  of  Exi'ucd  Mammalian  Kiditrys. —  Munk.  1.S87,  adding  caffein  to  the  pcH 
fusing  blood,  found  a  large  inrrease  of  ureter  flow  and  a  moderate  incrcaM  of  vein  lIoiS? 
This  result  is  certainly  exceptional  Cvon  Schroeder,  1RS7;  Koberl,  1SS6;  Sollmann  and 
Hatcher,  1907).  It  would  naturally  be  explained  by  the  vasodilator  action;  but  Rich- 
ards and  Plant.  1915,  report  increased  urine  flow  even  when  the  perfusion  flow  is  kept 
constant.  This  would  mean  that  a  diuretic  effect  occurs  apart  from  circu1ator>'  changes. 
Further  observations  arc  desirable.  J 

Oxygen  Consumption  of  the  Kidneys. — The  oxygen  (x>nBumption  of  an  organ  varifl 
in  the  same  direction  as  its  work.     BarcToft  and  his  co-workers  have  investigatea 
diuretics  from   this  standpoint.     In  contrast   to  the  simple  saline  diuretics,   caffein 
causes  increased  oxygen  consumption,  and  therefore  increased  work.     However,  thcrt 
was  no  real  diuresis  in  these  experiments.     H>*pertonic  saline  causes  a  similar  increase. 
Therefore,  the  "work"  under  caffein  consisted  in  the  reabsorption  of  water  rather  tl 
in  the  secretion  of  urine;  and  may,  therefore,  have  been  a  result,  instead  of  the  cai 
of  the  diuresis.  _ 

Changes  in  the  Size  of  Excised  Kidney  Cells  and  Ahsorption  of  Saline  Solutions. — 
Sections  of  kidney  treated  with  caffein  absorb  less  tluid  from  hypotonic  salt  solutions 
than  do  control  sections  (Filehne  and  Biberfeld,  1902);  but  the  change  is  small  and  in- 
constant (Sollmann  and  Hatcher,  1907).  Histologic.illy,  the  epithelium  of  the  convo- 
luted tubules  lends  to  swell  slightly  in  caffein  solution  (W.  W.  Williams,  1007). 

hitra-vitam  Staining. — Sobicransky  found  that  caffein  (and  .saUne)  diuresis  prevents 
the  intni-vitam  staining  of  the  tubular  nuclei  by  indigocarmin.  Assuming  that  the 
staining  is  due  to  reabsorption.  he  argued  that  this  reabsorption  was  paralyzed  by  caf- 
fein; and  extending  this,  he  argued  ihat  the  diuresis  is  due  to  failure  to  rcabsc>rb  tJic 
glomerular  fluid.  There  is  no  secure  basis  for  either  assumption,  and  the  absence 
pigment  would  be  the  natural  result  of  the  flushinij:  of  the  kidneys  by  the  diuresis. 

VrrAer  Frristalii:,. — Lucas,  190J,  found  that  caffein  has  a  tonic  effect  on  the  pKrlvii 
portion  of  the  ureter.  This  would  have  but  little  influence  on  the  urine  flow,  since  this 
IS  not  influenced  even  by  a  considerable  negative  ureter  pressure  (.Sollmann). 

Perfusion  of  Frogs'  Kidneys. — Cullis  claims  tlial  if  the  perfusion  is  arranged  so  ihit 
the  caffein  acts  only  on  the  glomeruli,  the  effects  arc  unsatisfactory;  if  it  is  confined  tn 
tht  tubules,  it  increases  the  perfusion  flow  and  starts  the  urine.  Tliis  result  would  in- 
dicate that  the  action  of  caffein  is  on  the  tubules;  but  it  is  opposed  to  the  Endings  ia 
mammalian  nephriris;  and  the  conditions  are  too  complex  to  be  satisfactorj*. 

Renal  Irriiation  by  Cfl/ft'rt.—Ordinary  doses  of  caffein  give  no  indications  of  injul 
to  the  kidney  cells;  in  nephritic  patients,  however,  large  doses  may  be  followed 
marked  albuminuria.     Animals  also  respond  to  large  doses  (40  mg.  per  kilograi 
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cspecsally  when  long  continued,  by  definite  nei>hrilic  changes:  albuminuria  of  r.4  per 
1,000;  leucocytes,  epithelium  and  casts  in  the  urine.  The  kidneys  show  dilated  vessels, 
duudy  swelling,  to  vacuolar  degeneration  and  necrosis  of  the  epithelium,  and  slight 
interstitial  swelling.  These  histologic  changes  may  be  present  even  when  the'  unne 
appears  normal.  Dogs  arc  more  subject  than  rabbits,  but  the  lesions  are  usually  only 
transitory,  disappearing  a  few  days  after  discontinuance.  No  lemons  are  perceptible 
with  doses  of  5  to  10  mg.  per  Idlogram,  corresponding  to  5  to  lo  grains  in  man  (Vlnd, 

Cajfon  in  Exptrimental  Nephritis. — Hellin  and  Spiro,  iSgj,  found  caflfein  ineffective 
in  glomerular  and  general  nephritis,  but  quite  effective  in  pure  tubular  nephriris.  This 
lasbten  confirmed  by  Schlaycrand  Hcdingcr,  1907;  and  by  Pearce,  Hill  and  Eisenbrcy, 
t^io;  and  these  further  showed  that  the  failure  of  diuresis  is  accompanied  by  failure 
of  the  oncometric  reaction.  This  is  importani  rvidcruc  that  the  diureitc  action  w  ex€rted, 
nlkc  nhnuTuUir  circulation  and  not  on  the  tulmlar  epithelium. 

In  uranium  nephriiisy  diuretics,  including  caffein,  are  efTectivc  during  the  early 
pol>Tiric  stage;  but  they  become  ineffective  when  the  anuric  stage  is  reached,  although 
the  circulatory  response  may  be  well  preserved  (MacNider,  lyu;  Boycott  and  Ryffcl, 
iQt.O.  This  depends  on  the  intaclness  of  the  renal  enithelium  (MacNider,  i{)i4'l.  Tn 
tbe  subacutely  fatal  form,  caffein  and  the  uttier  metnylxanthins  did  not  prolong  life 
(Christian,  1914).  The  phthalcin  excretion  waa  rather  improved,  but  the  nitro- 
rn  retention  in  the  blood  was  not  materially  affected  (Christian,  1913;  Christian  and 
O'Harc.  1013;  Fitz,  1914). 

For  ckromote  nrpfrriiis,  on  the  other  hand,  theobromin  and  theocin  were  distinctly 
hannful,  since  they  diminished  thephthalein  output  and  the  animals  died  more  promptly 
(O'Hare,  IQ15),  although  the  nitrogen  excretion  was  unchanged,  and  the  elimination  of 
urine  and  chlorid  was  increased  (Fitz,  1014).  Finally,  the  kidneys  ceased  to  react 
(fatigue?).  This  is  especially  marked  if  the  caffein  has  been  preceded  by  several  injec- 
tions ui  saline  IMusenihal  and  ^chlayer,  iqiji). 

Failure  of  Caffein  Diuresis. — Aside  from  glomerular  and  general  nephri- 
tis, ihcre  are  a  nuinber  of  other  factors  which  may  interfere  with  diuresis. 
Ihequantily  of  water  in  the  tissues  is  very  importani;  and  also  the  water 
in  Ihe  fcxxi,  which  is  the  ultimate  source  of  the  water  of  the  urine.  There 
isi  consequently,  a  conspicuous  difference  between  dry-fed  and  wet-fed 
nbhiis  (von  Sobieranski,  18Q5;  Loewi,  1Q05);  and  presumably  the  limited 
water  intake  of  dogs  accounts  in  part  for  their  lesser  diuresis  response 
(Sobieranski).  Schroeder,  1887,  found  the  water  content  of  the  rabbits* 
biftxl  decreased  by  10  per  cent,  after  an  effective  diuresis.  The  same  fac- 
tor is  active  in  the  poor  diuresis  of  hemorrhage  (Michaud,  1004),  and  in 
the  superior  diuresis  in  dropsy  (Hofmann,  1880);  but  other  factors  may 
cooperate.  On  the  other  hand,  when  an  effective  water  diuresis  has  been 
sweated  by  excessive  continued  water  administration  (Sollmann  and  Hof- 
mann. 1905)  or  in  diabetes  mellitus  (Meyer,  1905).  there  is  no  further 
'Daease  when  caffein  is  added. 

Tht  Diuretic  Response  in  the  Normal  Human  Subject. — This  is  comparatively  sm&ll. 
l^phacl,  1004.  found  the  daily  urine  increased  (under  otherwise  constant  conditions) 
^'o.j  (jm.  theobromin  sodium  salicylate,  2  per  cent.;  1.5  Gm.,  14  per  cent.;  .^  Gm.,  53 
[vr<rnl.  This  was  much  less  than  the  increase  secured  by  the  consumption  of  on  extra 
Ijtrr  of  water  or  beer  (100  per  cent.);  whilst  a  liter  of  milk  increased  the  urine  by  153 
perfrnr. 

'   by   Vasoconstriction  and   Vagus. — Whilst   the  vasomotor  stimulation 

trijy  the  imjMjrtancc  attributed  to  it  by  von  Schroeder,  it  may  sometimes 

powerful  to  overcome  the  peripheral  dilator  effect.     At  all  events,  the 

I  by  the  hydrocarbon  narcotics.     Curare  is  also  said  to  aid  the  diuresis 

LoMonaco). 

..  claimed  that  the  vagi  exert  an  inhibitory  influence,  which  Anten,  iqoIj 
atln  ■■  .1  direct  inhibitory  influence  of  these  nerves  on  the  secreting  cells.  Atropin 
MMtUi  tberelore  increase  the  diuresis.    These  claims  need  confirmation. 

Failure  in  Repented  Administration. — It  is  a  common  clinical  experience 
that  caffein   may  become  ineffective  after  a  lime  (LeXoir  and  CamuSt 
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1903).    This  is  not  suqDrisinp;  when  it  is  remembered  that  the  factors 
which  favor  and  impair  the  diuretic  response  arc  apt  to  vary  from  time 
to  time.    The  disappearance  of  the  edema,  for  instance,  would  deaease, 
the  response.  m 

In  experiments,  it  is  also  noted  that  repeated  injections  become  less  and  Ic&s  cffeciivt 
(Phillips  and  Bradford,  1887;  Locwi,  1905).     This,  however,  is  simply  due  to  the  fict- 
that  the  depressing  dosage  is  gradually  attained.  Jl 

Uabitnation, — H.  B.  Myers,  1Q18,  gave  rabbitsa  daily  hyperdermic  injectioo of  Mvl 
mg.,  of  caffein  for  several  months,  without  apparent  damage.     However,  these  aiuniAls 
required  for  diuretic  response  the  intravenous  injection  of  about  twice  as  much  caffdo, 
or  li-it  times  as  much  theobromin,  as  is  required  by  normal  animals.     A  certain  d( 
of  tolerance  had  therefor  apparently  been  induced. 
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The  Composition  of  the  Urine. — von  Schroeder,  1886,  showed  that 
urine  in  caffein  diuresis  13  more  diluted  (its  molecular  concentration  may 
fall  below  that  of  the  blood;  Dreser,  t8q2);  but  that  the  absolute  quantity 
of  the  solids — urea  as  well  as  salts — is  increased.     Entirely  similar  change 
occur  in  other  forms  of  diuresis,  so  that  they  are  not  characteristic 
caffein,  and  throw  no  light  on  its  actions.    The  urinary  protein  in  nephrii 
is  ordinarily  not  increased. 


Different  investigators  disagree  as  to  which  of  the  solids  is  most  increased,  the 
(LeNoir  and  Camus,  190,5),  or  the  urea  (Anlcn).  Presumably  this  varies  with 
stances.  In  rabbits,  the  salts  may  be  increased  without  diuresis  (Katsuyama,  il 
and  1901);  and  this  may  also  occur  when  caffein  is  given  in  human  diabetes  (E.  Me>tT, 
iQos).  On  the  other  hand,  Sellei,  iQt2,  describes  tbcophyllin  diuresis  with  little  duiige 
in  the  specific  gravity  or  solids.  In  rabbits,  theophylliin  increased  the  K  and  Na.  t)Ut 
not  parallel  with  each  other  or  with  the  diuresis  (Bock,  191 1).  The  ckiorid-retcmni 
pieclmnism  is  broken  down  in  rabbits  (Pototsky,  icjoj;  Loewi,  igoa),  but  not  in  dog»« 
man  (Sollmann,  1Q03;  Hasklns,  1904;  Sollmann  and  Hofmann,  1905;  Saccone,  iQti)- 
However,  E.  H.  Mason,  roi8,  believes  that  theophyllin  lowers  the  chlorid-threJwM 
of  the  kidneys  in  clinical  acute  nephritis,  so  that  the  plasma  chlorid  drops  noticcably- 

Sollmann  and  McComb,  1H99,  found  that  caffein  did  not  increase  a  physiolog* 
albuminuria  and  Emerson,  igo2,  saw  no  increase  of  albumin  in  acute  or  chronic  nephntiit 
under  theobromin.  Pouchet  and  Chevalier,  1903,  claim  that  large  doses  of  thcopbylEa_ 
injure  the  f^lomerutar  and  tubular  ei>itheHum. 

Astolfani,   IQ05,   states  that  caffein.  in  common  with  other  diuretics.  11 
kippitric  and  syfUhfiis^  when  benzoic  acid  is  administered. 

The  secretion  of  milk  is  not  affected  by  caffein  (Ott  and  Scott,  igia). 
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Rdalive  Efficiency  of  the  Xanthin  Derivatives. — Caffein  has  been 
largely  supplanted,  as  a  diuretic,  by  theobromin  (diuretin),  and 
by  theophyllin  (theocin),  which  are  credited  with  a  much  more 
powerful  action.  With  theobromin,  this  is  not  surprising,  since  the  ci^- 
tomary  dose  is  four  times  as  large  as  with  caffein;  with  theophyllin,  the 
superiority  is  genuine.  Both  are  superior  to  caffein  in  producing;  less  of 
the  nervous  side  actions.  Theobromin  also  acts  much  more  promptly, 
!.«.,  within  a  day,  whilst  caffein  requires  four  days  to  reach  its  full  effi- 
ciency. Exceptionally^  caffein  succeeds  where  theobromin  fails  (CI 
tian,  1915). 
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No  reliable  quantitative  experiments  on  the  relative  diuretic  action  of  the 
xanthin  derivatives  have  been  made — the  much-quoted  experiments  of  Ach  t>eing 
on  too  few  animals.  The  attempt  to  correlate  the  diuretic  and  muscular  actliN 
(Schmiedeberg)  is  therefore  premature.  Mende)  and  Kahn,  191J1  found  that  nut 
of  the  newer  methylated  xantnins  are  not  diuretic. 

1:7:9  trimtlhyl  2 : H  dioxypurin  (Johns)  was  examined  by  Salant  and  Connet,  I9t| 
It  is  a  weak  cardiac  stimulant,  little  if  at  all  diuretic  for  rabbits,  and  much 
than  caffein. 
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Differences  in  the  Members  of  the  Group. — Caffein  has  the  most 

powerful  central  nervous  action,  with  relatively  weak  peripheral  effects. 
The  strongest  diuretic  action  is  proriucerl  by  theopkylUn  (theocin),  which 
also  causes  the  most  marked  cardiac  stimulation  and  coronary  dilation. 
lis  central  effects  and  its  action  on  muscle  approach  those  of  caffein. 
Thfobromin  (diuretin)  acts  most  powerfully  on  muscle;  its  effect  on  the 
Ecart  and  urine  are  intermediate.  It  causes  very  little  central  stimula- 
tion. 

Tkt  pkarma^ola^y  of  thfobromin  was  first  investigated  by  Mitcherlich,  i8sg,  and 
hnhcx  by  Filchne,  1886.  It  was  used  ocpcrimentally  aa  a  diuretic  by  von  Schroeder, 
iW?,  to  avoid  the  supposed  vasoconstriction  of  laffein.  He  found  it  effective  without 
<lilanl;and  the  action  on  oral  administration  extended  over  twcnt}'  hours — presumably 
beause  its  insolubility  caused  slow  absorption.  This  led  to  its  clinical  introduction 
bjrGram. 

The  toxicity  of  theobromin  to  isolated  muscle  is  iXi  times  that  of  caffein  (\'elcy  and 
Wilker,  1910). 

Therapeutic  Use  of  Diuretic  Action. — The  methyl-xanthins  are 
employed  mainly  for  the  removal  of  cardiac  eftisions.  The  diuresis  is 
proportional  to  the  effusion,  sets  in  promplly.  and  ceases  when  the  drug  is 
^thdrawn.  It  is  therefore  especially  useful  for  two  or  three  days  at  the 
beginning  of  the  more  slowly  acting  but  more  permanent  digitalis  treat- 
fflcnt.  Caffein  is  the  least  active  of  the  series.  It  may  be  given  in  the 
<loses  of  0.3  Gm.  (5  grains)  of  citrated  caffein,  in  watery  solutions,  three 
times  a  day,  but  Taylor  found  at  least  0.5  Gm.,  four  times  daily,  necessary 
iorafull  effect. 

Theobromin  (i  Gm.  or  15  grains  of  theobromin-sodium-salicylate,  or 
<liurclin,  in  water,  four  times  a  day)  has  the  advantage  of  producing  a 
Wler  diuretic  response  with  the  least  side  actions.  Taylor  found  that  a 
<laity  dose  of  30  grains  produced  very  little  effect;  40  grains  a  moderate 
<]iuresis;  but  80  grains  (5  Gm.)  were  required  to  secure  the  maximum 

KDcy.  This  quantity^  when  divided  into  four  doses,  was  well  tole- 
II  has  also  been  used  intravenously,  20  ex.  of  5  per  cent.,  Neuhof, 
but  it  is  doubtful  whether  this  is  justified.  Theophyllin  (theo- 
ipb)'llin-sodium-acetate,  or  theocin)  is  the  most  powerful,  but  has  been 
I  charged  with  sometimes  causing  renal  irritation.  Its  dose  is  0.3  Gm.  =  5 
ipiins,  three  times  per  day,  administered  in  hot  tea. 

Id  renal  or  hepatic  effusions,  the  efficiency  is  less  certain.  In  acute  or 
ckronic  parenchymatous  nephritis,  there  is  often  no  response  whatever, 
while  chronic  interstitial  nephritis  usually  responds  (J,  Miller,  1912);  but 
tialcss  the  dosage  is  ver>'  small  and  carefully  watched,  the  toxic  side 
[iclJons  may  set  in,  and  the  renal  condition  grow  worse.  Theophyllin  and 
'tVobnomin  may  cause  renal  irritation;  it  would  therefore  be  better  to 
a^id  (he  methyl  xanlhins  when  the  kidneys  are  acutely  irritated.  In 
lauria.  the  methyl  xanthins  are  generally  ineffective.  Christian  et  al., 
kW5,  and  iqi6,  state  that  diuretics  are  generally  ineffective  in  chronic 
itis.  unless  there  is  edema.  They  would  therefore  be  of  little  use 
iX  nephritic  toxemia. 

CUwieai  EJUUfuy  of  Theophyllin. — Christian,   1916,  reports  on  the  response  of 
'^  Bt3  with  acute  and  chronic  nephritis  and  cardiorcnal  disease,  to  doses  of  o.i  Gm. 
timrs  daily 

In  rr,,^    ^^  .y<.r  nf  rdeftM,  thcsc  Had  little  or  no  value.     The  urine  volume  and  the 

crc  but  little  increased;  the  phthalein  output  was  often  diminished. 

IS*  with  marked  edcnw,  positive  benefits  were  observed,  especially 

|ka  bwsi  in  conjunction  with  digitalis.     There  was  an  active  diuresis,  increased  chloric! 
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elimination;  and  diminution  of  the  edema.  This  was  often  followed  by  diminished  u:r"^a 
excretion,  which  was  interpreted  as  n  secondary'  depression  of  renal  function,  makinie^  it 
advisable  not  to  continue  the  drug  too  long.    This  intcrprctation'howc\'cr,  isdoubt'ff'ii 

Absorption,  Fate  and  Excretion. — CafTein  is  readily  and  complci^^y 
absorbed:  none  appears  in  the  feces  even  after  large  doses.     Only  a  snva/| 
fraction  is  excreted  unchanged  in  the  urine.    This  excretion  starts  anc3  is 
mainly  completed  promptly,  but  traces  may  continue  for  two  or  three  d£».vs 
(Salanl  and  Riegcr.  igi2).     A  somewhat  larger  fraction  loses  a  part    of 
its  methyl  groups,  and  ai)[)cars  in  the  urine  as  di-  and  mono-methy/- 
xan  thins.     It  is  not  known  whether  this  is  effected  by  oxidation  orhydro/v- 
sis.     The  remainder —  up  to  So  per  cent. — is  completely  oxidized  to  urea.     ^, 
Practically  none  of  the  cafTein  is  converted  into  uric  acid  (which  is  largely     !, 
the  fate  of  hypoxanthin  and  of  xanlhin). 

Theobromin  undergoes  changes  similar  lo  cafTein,  but  a  larger  fraction 
(32  per  cent.)  escapes  decomposition.  The  greater  part  leaves  as 
heteroxanthin. 

QuantUathe  Excretion. — The  quantity  of  caffein  which  is  excreted  unchanged  varies' 
with  the  dose  and  with  different  animals,  being  only  i  per  cent,  in  carnivora,  less  Uiat* 
8  per  cent,  in  man,  and  6  to  20  per  cent,  in  rabbits  (Host,  1895;  Salant  and  Kicger,  1^12) 
Tne  relative  quantity  of  the  various  mono-  and  dimcUiyl-xanthins  also  varies  in  difier- 
ent  animals,  representing  10  to  40  per  cent,  of  the  caffein  (Albanese,  1895;  Bondzynsk-i 
and  Gottlieb,  1895,  Krucger  and  Schmidt).  The  Hlerature  has  been  summarizwl  by 
Bloch,  190O.  The  demelhylation  is  retarded  by  alcohol  (Salant  and  Phelps,  igw)- 
Emory  and  Salant,  1909,  report  experiments  on  the  decomposition  of  caffein  in  the 
liver.  A  trace  appears  in  the  stomach,  intestines  and  in  the  bile  (Salant  and  Rieger>- 
Thc  gitstro-intestinal  excretion  is  higher  when  Uie  kidneys  are  excised  (Salant  and 
Rieger,  1915).  The  loss  of  methyl  groups  occurs  in  pretty  much  all  organs  (J.  Schmidt, 
1910). 

Uric  Add. — In  man  with  a  purin-free  diet,  the  continued  administration  of  caffein, 
I  Gm.,  per  day,  produced  a  slight  but  de&nite  and  progressive  increase  of  urate  excretion 
(S.  R.  Benedict,  1916). 

Toxicology. — The  fatal  dose  of  eaffein  is  so  large  (presumably  about 
10  Gm.),'  that  no  fatal  case  of  poisoning  is  on  record;  but  doses  abo*' 
I  Gm.  may  produce  alarming  symptoms,  and  even  therapeutic  doses  maj 
cause  unpleasant  side  actions. 

With  larger  doses,  the  pulse  is  full  and  hard,  quickened  or  slowed,  with  palpita 
and  precordial  distress  (sometimes  anginal  attaclcs).    The  head  is  heavy,  throbl    ^ 
confused;  often  intense  headache  and  great  anxiety.     Restlessness  and  excitemeol 
insomnia  (sometimes  mild  delirium,  aphasia,  fever).     Vertigo,  nausea,  general  di: 
fort,  fati^e,  weakness  (sometimes  burning  in  the  throat,  gastric  distress,  heat  fli 
perspiration,  insensible  pharynx,  swollen  tongue,  ringing  in  the  cars,  flashes  inej 
Tremors  of  jaws,  hands  and  feet,  and  muscular  stiffncs<^.     Quickened,  cmba 
respiration.     Increased  micturition  (sometimes  ardor  urinx  and  erection). 

In  very  severe  cases,  there  is  vomiting  (sometimes  violent  diarrhea  and  tcnesmui)! 
violent  choreic  tremors.     Collapse,  with  small,  irregular  arrhythmic  pulse,  cold  extret 
tics,  dilated  pupils.     Consciousness  is  usually  intact,  but  there  may  be  delirium. 

Doses  of  I  Gm.  and  higher  have  been  taken  to  evade  military  serxnce,  especially 
producing  tachycardia  (sometimes  to  160  per  minute).     The  drug  is  cauly  detected! 
the  urine  (HolJande  and  Thevenon.  1916). 

Toxic  Effrcis  on  Animals. — The  symptoms  in  animais  corresp-wnd  fairly  to 
obscr\'cd  in  nran:  restlessness  and  increased  reflexes;  increased  respiration,  vomit 
and  diarrhea;  muscular  weakness.    Then:  clonic  or  tetanic  convulsions,  during  wl 
respiration  may  stop,  with  or  without  resumption;  exhaustion  and  increasing  paralj 
death  in  one  to  four  hours.     The  fatal  do^  lies  about  0.15  Gm.  per  kilogram, 
and  cats  are  somewhat  more  susceptible  than  rabbits  and  guinea  pigs.    The  < 
mouth  is  but  little  larger  than  the  intravenous  dose,  except  in  rabbits  (Salant 


larve. 


The  doces  rtifer  to  pure  caffdn;  the  corresponding  doses  of  atrated  caffein  would  bo  tvioul 
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Rieger,  19x0,  igw).  Young  mice  are  more  resistant  than  old.  The  effects  m  birds 
»rc  similar  (Brill;  in  frags  they  are  modified  by  the  onset  of  rigor.  The  toxicity  for  frogs 
u diminished  by  temperature  above  ^S°F.  At  45°F.  the  muscular  effects  predominate; 
while  the  convulsions  become  more  prominent  as  the  temperature  is  increased  (Salanti 
1915). 

Recovery  is  usually  complete  within  a  day,  even  when  the  symptoms 
were  violent.  Some  restlessness  and  weakness  may  remain  for  a  time. 
It  is  claimed  (Kunkel)  that  large  therapeutic  doses  have  been  followed 
by  nephritic  urine,  but  on  the  other  hand,  daily  doses  of  1.25  Gm.  have 
often  be2n  given  without  detriment  (Becher,  1884).  Idiosyncrasy  toward 
caffein  is  marked,  as  every  one  knows.  Children  and  nervous  and  weak- 
ttcd  individuals  appear  to  be  relatively  more  susceptible.  Overdoses 
should  be  avoided,  especially  in  myocardiHs. 

Treatment. — This  consists  in  evacuation  and  narcotics — bromid, 
llcohol,  chloral,  or  morphin.     It  is  important  to  reassure  the  patient. 

Theobromin  and  theophyUin,  in  excessive  doses  or  in  susceptible 
individuals,  may  produce  toxic  effects  similar  to  caffein:  headache,  nausea, 
vomiting,  epileptic  spasms,  albuminuria,  gastric  hemorrhage,  etc.  (Kobert, 
Scbmiedeberg,  Seifert).  These  manifestations  are,  however,  rare.  In 
epileptic  patients,  large  doses  of  thcophyllin  are  said  to  have  provoked 
ItUcks  (Schlesinger,  1905).  Chevalier,  1914,  claims  that  some  commer- 
tkl  theobromins  contain  toxic  impurities;  this  requires  confirmation. 

Two  deaths  from  cardiac  failure  are  attributed  by  Cadburg,  1918,  to  thcophyllin 
ikbout  I  Gm.  In  divided  doi^es).  However,  the  patients  were  under  digitalis  treatment 
for  beaxt  disease.     The  causation  is  therefore  rather  doubtful. 

k*Caffdna,  U.S.P  ,  B.P.;  Caffein  (Thein);  C^HioNiOj  +  HiO.— A  feebly  basic alka- 
L  usually  prepared  from  lea.  While,  silky,  needle-crystals;  odorless;  bitter  taste, 
in  water  {I'-A^i]  and  in  ale.  (r:66).  Its  solubility  in  water  is  greatly  increased  by 
hat,  dtric  add,  bcnzoatcs  or  salicylates,  bromids,  antipyrin  and  a  number  of  other 
sibstances.  Incompatible  with  tannin.  Dose^  0.15  Gm.,  2H  gr.,  U.S.P.;  006  to  0.3 
Gm..  I  to  5  gr.,  B.P.;  in  capsules.     Maximum  dose,  0,5  Gm.,  8  gr. 

Cafeimi  Citraia  (Caffein.  Cit.).  U.S.P. ;  (Cafcina-  Cilras.),  B.P,;  Citraled  Caffein; 
Cificin  Citrate. — A  mixture  of  caffein  and  citric  add,  containing  not  less  than  48  per 
ftnt.  of  caffein.  White  powder,  odorless;  slightly  bitter,  acid  taste.  Citratcd  caffein 
fivisa  clear  syrupy  solution  with  a  little  water,  but  precipitates  on  dilution.  The  pre- 
dpitAlc  redissolvc'S  on  the  further  addition  of  water,  the  ftotubilily  being  about  i  :$3. 
iDQDOipatible  with  carbonates-  Dnxr,  o..?  Gm.,  5  gr,,  IJ.S.P-;  o.t  2  to  0.6  Gm.  2  to  10  gr., 
B.P.,  m  water.  The  free  acid  renders  this  unsuitable  for  h>T)odermic  use.  Maximum 
dose,  1  Gm.,  15  gr. 

Cafieina  Ctirala  Effervesrens  (Caff.  Cit.  Kff.),  U.S.P.;  Cajfrin<r-  Cilras  Efrrvtscms 
ICiffein.  Cit.  Eff.J.  B.P.;  Effervescent  Caffein  Citrate. — \  granulated  mixture  of  Sodium 
Bicarbonate  and  Tartaric  and  Citric  Acid,  with  about  a  per  cent,  of  caffein.  Dose^ 
40m.,  I  dram,  US. P.;  4  to8Gm.,  i  to  2  drams,  B.P. 

*  Cajfeina  Sodio-btnzoas  (Caff.  S(xi.  Benz.),  IJ.S.P. — .\  nurture  of  about  50  per  cent. 
caffein  with  sodium  bcnzoate.  A  white  powder;  odorless;  bitter  taste.  Freely  sol.  in 
•iltr  (i:r.ij,  sol.  in  ale.  (i  r^o).  Dose,  0.3  Gm.,  5  gr.,  by  mouth;  h>'podernuc,  0.2  Gm,, 
jST.,  U,S.P.;  the  most  suitable  compound  for  h>7>odermic  use.     Maximum  dose,  i  Gm.f 

Tkeehromiria^  Theobromin. — A  dimethylxanthin  prepared  from  Cacao  seeds  (Theo- 
bromft  Cacao)  or  synthetically.    Very  slightly  sol.  in  water. 

■  Theobrofnina  Sodio-saiUylas  (Theohrom.  Sodio-Sal.),  U.S.P.;  Tktobrom.  ct  Sod. 
Saiuyi..  B.P.;  Theobromin-sodium-salicylale  (Diuretin). — Sodium  Theobromin 
t /)tNa)  and  Sodium  Salicylate,  in  approximately  molecular  proportions.     Not 

than  46.5  per  cent,  of  theobromin.     White,  odorless  powder;  sweetish  saline  and 

hat  alkaline  taste.     Freely  sol.  in  water  (i:  i);  slightly  sol.  in  ale.     It  gradually 

wbun\>i  carbon  dioxid  from  the  air  with  the  liberation  of  theobromin,  t>ecoming  partially 
Oisohifale  in  water.  It  must  therefore  be  protected  against  exposure  to  air,  and  is 
pctibU  with  acids;  also  with  chloral.     It  should  not  be  given  with  meals,  to  avoid 
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precipiution  by  the  gastric  acid.    Dose,  i  Gm.,  15  gr.,  U.S.P.;  0.6  to  1.3  Gm.,  10  to  i 
gr.,  B.P.;  well  dilulcd.     Solutions  do  not  keep. 

Otlter  Thfobromin  Sails. — The  following  are  listed  in  N.N.R.,  but  have  no  sped 
advantage:  Sodio-acctate  iAgurin)\  Sodio-formatc  {Theophorin), 

•  Thcophyllina  (Thcophyll.).  U.S.P.;  Theophyllin  (Dimethylxanthin,  Tbcocia 
C7H«N40a  -f  HjO. — White  crystalline  powder;  odorless;  bitter  tjuslc.  Sol.  in  wal 
(i:  100)  and  ale.  (i:So).  Dose,  0.25  Gm.,  4gr.,  U.S.P.,  three  times  a  day,  in  warm  tc 
After  two  or  tliree  days,  it  should  be  replaced  by  theobromin. 

Tfifotfiyltina  Sodio-a^eias ,  N.N'.R.  (Soluble  Thcocin). — Contains  60  per  cent, 
the  allcaloid.     It  dissolves  in  23  parts  of  water. 

Gtiarana^  U.S. P. — A  dried  paste  consisting  chiefly  of  the  crushed  seeds  of  Paullin 
Cupana,  yielding  not  less  than  4  per  cent,  of  caffein.     Dose,  2  Gm.,  30  gr.,  U.S. 

Fidtxi,  Guaran.t  U.S.P. — 4  per  cent,  of  Caffein.    Dose,  2  c.c,  30  minimSf  U.S. 

CAFFEIN  BEVERAGES 

Caffein  is  an  important  article  of  popular  consumption,  in  the  form  ot 
coffee,  tea,  and  other  l)everages.  The  usual  per  capita  consumption  in 
the  United  States  is  about  10  pounds  of  coffee  and  i  pound  of  tea  (.Graham, 
1012).  A  cup  of  coffee  or  strong  tea  contains  about  o.i  Gm.  (i  \^  grai 
of  caffein.  Its  effects  are  somewhat  modified  bv  the  associated  produ 
(the  volatile  products  causing  more  psychic  stimulation,  the  tea-tan 
and  coffee  oil  deranging  digestion);  but  essentially  the  actions  are  th 
of  the  alkaloids.  They  consist  in  increased  mental  and  physical  cfficien< 
psychical  stimulation,  comfort,  and  relief  from  muscular  and  men 
fatigue  and  from  their  attendant  unpleasant  sensations.  These  effects 
may  be  useful  in  certain  conditions,  as  in  those  exposed  to  severe  hardshig, 
hunger,  fatigue,  etc.,  but  ordinarily  they  are  mere  luxuries — pleasant, 
superfluous.  They  may  do  no  harm  if  the  consumption  is  kept  wit 
bounds;  but  nervous  individuals,  who  are  the  most  apt  to  be  injured 
caffein,  are  most  likely  to  exceed  these  bounds.  The  bad  effects 
usually  not  very  serious,  and  disappear  promptly  if  the  habit  is  disc 
tinucd.  They  consist  in  nervousness,  tremor,  palpitation,  insom 
headache,  and  digestive  disturbances. 

The  habitual  consumption  of  caffein  confers  a  very  limited  tolerance 
Its  withdrawal   does  not  produce  any   marked  abstinence  symptoms. 

Coffee  and  chocolate  are  useful  flavors  and  extemporaneous  vehidi 
especially  for  castor  oil  and  cod  liver  oil. 

Coffee  (Caffea)  consists  of  the  dried  seed  of  Caffea  Arabica,  Rubiacec     The  cc 

stituents  of  the  "green  bean"  are  caffein,  fat,  coffalic  and  chlorogenic  acid,  saccharo 
etc.  The  chlorogenic  acid  gives  a  green  color  with  iron,  similar  to  tannin,  and  in  i 
impure  form  it  was  formerly  called  " Ca^eoiannic  acid."  Gorter.  io»o,  has  found  it 
about  100  plants.  On  oxidation  it  yiclfls  caffeic  acid.  It  differs  from  tannins  in  ill 
it  docs  not  precipitate  proteins,  and  is  therefore  not  astringent.  The  percentage 
fajf«n  varies  in  different  specimens  from  ?;)  to  2*12  per  cent.,  usually  about  1.2  per 
(Kocnig).     It  exists  mainly  as  raffein-potassium  chloroeenate  (.Gorter,  1908). 

In  the  process  of  roasting  (i.e.,  healing  the  seed  to  200  to  2$o°C.)  a  small  amount 
caffein  is  volatilized;  but  since  about  10  per  cent,  of  water  is  driven  off,  the  percent* 
of  caffein  is  iiclunlly  a  trifle  higher  (1.25  per  rent.).  The  main  change  in  roasting 
sists  in  the  production  of  aromatic  brown  and  oily  products.  This  oil  {Cafeei 
Caffcon),  according  to  Erdraann,  1902,  and  Grafe,  1912,  consists  of  50  per  cent,  of  t 
furol  alcohol,  and  small  quantities  of  valerianic  acid,  phenol,  pyridin.  and  a  nitrogens 
aromatic  substance.     It  is  probably  derived  mainly  from  the  hemicellulosc. 

The  beitrai^e,  cojfcc,  is  a  decoction  made  with  6  to  10  p>er  cent,  of  the  drug.  Pr 
tically  the  entire  caffein  (perhaps  ^  0)  is  thus  extracted;  so  that  a  cup  of  strong  cofl 
prepared  from  15  to  17  gra.,  contains  about  o.i  to  0.12  Gm.  of  the  alkaloid. 

The  use  of  coffee  arose  in  Arabia  and  Egypt  about  the  middle  of  the  fifteenth  0 
tury.     Coffee  and  tea  were  introduced  into  Europe  at>out  the  last  quarter  of  the  scven- 
tecDth  century,  about  the  same  time  as  the  potato,  cinchona,  tobacco  and  chocolate. 
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Action  of  Coflfee  Oil. — The  volatile  aromatic  constituents  produce 
local  irritation  and  reflex  stimulation,  in  the  same  manner  as  the  condi- 
ments. The  hot  water  contributes  to  this  effect;  and  p>ossibly  the  greater 
reactivity  induced  by  the  caffein  heightens  the  reflex  response  (Schmiede- 
berg).  The  local  irritation  stimulates  peristalsis,  and  with  excessive  use, 
tends  to  nervous  dyspepsia.  It  is  doubtful  whether  the  quantities  taken 
in  tJie  beverage  cause  any  direct  central  stimulation. 

Wflhelm,  Rorer,  and  Rcichert  could  not  obtain  any  effects  with  coffee  distillates. 
J  Lehmann,  Archangelsky,  Hare  and  Marshall,  and  Krdmann  found,  with  smali  dusts: 
pleasant  stimulation;  increased  rcsj^iiration;  increased  heart  rate,  but  fall  of  blood  prcs- 
mre; muscular  restlesincss;  insomnia;  perspiration;  congestion.  iMr^e  doses:  increased 
peristalsis  and  defecation;  depression  of  respiration  and  heart;  fall  of  blood  pressure  and 
ifiBperature;  paralytic  phenomena. 

V.  Grafe.  191 5,  believes  thai  the  products  of  roasting  contribute  to  the  action. 

The  intravenous  injection  of  coffee  is  more  toxic  than  the  corresponding  caifcin. 
This  15  presumably  due  to  the  potassium  (Aubert).  By  mouth,  however,  the  potassium 
(0.44  Gm.  K.C1  in  20  Cm.  coffee)  is  not  sufBcicnt  to  produce  any  effect. 

tka}^einale4  cofee  does  not  produce  the  cardiac  or  diuretic  effects  of  coffee  or  caffein 
(Bosquet  and  Tiffeneau,  toi^).  The  caffein-content  of  commercial  decaffeinated 
toffees  and  other  coffee  substitutes  is  given  by  Street,  IQ16. 

Tea  (Thea)  consists  of  the  dried  leaves  of  'I'hca  sinensis.  Thcacea*.  ConstitumlsT 
Caflein  (t.4  to  ;.5  per  cent.,  usually  2  to  ,5  per  cent.);  tanntn  (10  to  30  per  cent.);  traces 
•f  theobromin.  theophyllin,  xanlhin,  adcnin,  and  volatile  oil.  The  black  and  green 
teasditfer  only  in  the  treatment  to  which  the  leaves  are  subjected — a  fermentation  with 
the  black  variety,  which  mainly  alters  the  color  and  flavor;  the  green  tea  is  rather  more 
rich  in  volatile  oil.  The  beverage  is  a  1  to  4  per  cent,  infusion.  A  cup  of  strong  tea 
prepared  from  5  Gm.  of  leaves,  contains  about  o.i  Gm.  of  caffein  fAut>ert).  A  quick 
lafuMon  extracts  practically  all  the  caffein,  but  only  a  part  of  the  tannin  (which  is  cspc- 
0*11)' abundant  in  the  liner  sorts).  The  customary  brief  infusion  is  therefore  commend- 
*bk,  since  the  tannin  may  l>e  deleterious  to  digestion,  by  precipitating  proteins  and 
lUnnioscs.  by  lessening  absorption,  and  by  irritating  the  gastric  mucosa. 

The  Ua-iii^ttHitfr  is  credited  by  .\rchangelsky  with  actions  similar  to  those  of  caffeol. 
l^loDaQi)  and  Tendlau  found  it  inactive. 

Cola  (Kola,  the  seed  in  Cola  acuminata,  Sterculiace*). — This  is  used  extensively 
bythe  natixes  of  Africa,  the  fresh  and  often  germinated  seed  being  chewed.  The  dried 
»wl.  »hich  has  been  introduced  as  a  popular  "tonic,"  contains  caffein  (iVj  to  $}m  per 
cent  .usually  2\i  per  cent.);  theobromin  (Mo  P«r  cent.*),  tannin  (Kola  redl;  fat,  sugar, 
<lc. 

In  the  fresh  nut,  the  caffein  is  combined  with  a  glucosidal  tannin  (*'  Kolatin,"  Goris, 

J907L    This  compound,  which  was  formerly  termed  "  Kalanin,"  is  partl>  decomposed 

w  drying,  bv  an  oxidase,  into  free  caffein,  glucose,  and  Kola  red  (Chevrotier  and 

Vi|W,  1^7)' 

Gturana. — A  dried  paste,  prepared  by  the  Indians  of  South  America,  consists  chiefly 

iricd  and  pounded  seed  uf  faulinja  cupana,  Sapindaceor.     It  contains  4  to  5 

of  caffuin.  tannin,  etc.     Mat£  (Paraguay  tea)  consists  of  the  leaves  of  Ilex 

"""•r.j.tvcnsis.     It  contains  o.ii  to  1..S5  per  cent,  caffein  (j  |>er  cent.,  Bertrand  and 

iVip'uyst.  loio),  10  to  16  per  cent,  of  tannin,  etc.     It  is  used  in  South  America  for 

P'tjiwing  u  leverage. 

C«cto  is  consumed  e.>tensively  as  a  leverage  and  in  the  form  of  chocolate.  (The 
'^tlrris  a  mixture  of  melted  cacao  and  sugar,  often  with  the  addition  of  davors,  starch, 
rt^*  It  contains  theobromin,  instead  of  caffein,  and  therefore  acts  leas  on  the  nervous 
Wcm  It  is  also  rich  in  fat,  which  is  nutrient.  A  part  (about  half)  of  this  fat  (Oleum 
nmbroauitis  or  Cacao  Butter)  has  been  removed  from  the  commercial  powdered  cacao. 
The  name  Cacao  should  not  be  confused  with  Cocoa  (the  palm  yielding  the  cocoa 
•WtJ,  nor  with  Coca,  the  source  of  cocain. 

Cacao  consists  of  the  fermented,  dried  and  often  roasted  seeds  of  Tktobronia  Ca^ao^ 
SttrcuHacco:-  ConsUtucnts:  Theobromin  (i^j  to  4Hj  per  cent.,  usually  i  Vi  per  cent.); 
Atnrtof  caffein;  50  per  cent,  of  fat;  starch,  tannin,  etc.  The  theobromin  is  liberated 
from  a  durosid  during  the  fermentation. 

generally  considered  rather  indigestible,  but  Neumann,  1906.  showed 
(iu  -ted  as  well  as  other  fats. 

Clucoiy.     The  ma.^tcd  root  of  this  plant  is  used  as  an  adulterant  and  substitute 
iOf  coBtK.     It  probably  contains  similar  cmpyreumatic  substances,  but  no  caffein. 
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Scbmiedeberg,  iQia,  coiuuders  it  a  harmless  stimulant,  stomachic  and  antii 
while  Hon\*ith,  tqoS,  believes  it  liable  to  disturb  digestion.  Still  less  U  known 
roasted  malt  and  other  cereals  which  arc  used  as  coffee  substitutes. 

Phenomena  of  Chronic  Caffein  Poisoning. — These  have  been  descrii 
most  commonly  in  excessive  lea  drinkers.  A  good  analysis  of  the  effi 
is  given  by  Bullard.  1886.  The  first  symptoms  are  usually  dyspepii 
epigastric  uneasiness  after  meals,  and  a  general  lowering  of  the  men 
and  physical  tone.  This  is  succeeded  by  restlessness  and  nervous  exd 
bUity^  tremors,  and  disturbed  sleep,  soon  followed  by  anorexia  and] 
headache,  vertigo,  confusion.  Constipation  is  ver>'  common,  but  | 
more  so  than  in  individuals  who  are  not  addicted  to  tea.  Palpitant 
generally  associated  with  irregularity,  becomes  distressing,  and  is  ofj 
accompanied  by  dyspnea.  In  the  severer  cases,  these  symptoms  beca 
aggravated  and  continuous.  Neuralgias,  sensory  and  hysterical  distuj 
ances  are  common,  but  it  is  not  easy  to  say  whether  these  are  the  caus 
effects  of  the  caffein  habit.  Children  who  drank  coffee  were  found] 
Taylor,  1912,  to  average  below  the  normal  weight,  height  and  strej 

The  quantity  of  tea  required  to  develop  these  symptoms  varies  greatly  mtl 
individual.    The  daily  average  consumption  of  BuUard's  patients  was  five  cups, 
corresponds  to  about  06  Gm.  or  8  grains  of  caffein.     The  susceptibility  is  much 
in  youthf  anemia,  weakness,  insufficient  food,  exhaustion,  and  in  "nervous"  indivtdl 

Differences  between  Tea,  CoflFee,  and  Cacao.— The  effects  of  exc 

coffee  consumpiion  differ  only  in  minor  details  from  tea;  whilst  tea  t 
to  constipation,  coffee  is  laxative.  Both  interfere  with  digestion,  but 
different  ways:  the  coffee  through  the  irritant  effects  of  its  volatile 
the  tea  through  the  coagulant  action  of  the  tannin.  It  may  therefore^ 
observed  that  different  individuals  are  more  injured  by  one  or  the  otli 
The  caffein  itself  probably  contributes  to  the  digestive  derangeme 
through  its  vasodilator  action.  This  may  account  for  the  common  td 
ency  to  hemorrhoids.  Cacao  may  disturb  the  digestion  through  its  ri 
ness  in  fat.  but  the  other  symptoms  are  not  common;  partly  because  tb 
is  less  inclination  to  its  excessive  use. 


=i 


The  acute  effects  on  digestion  deserve  special  mention.     Cushny  states  that 
and  lea. retard  the  action  of  ihe  Jermrnls  considerably  (in  test-tube  experiment). 
caffein  slightly  accelerates  the  action.     The  secretion  of  ^a^tric  juice  has  been  invtj 
gated  by  Pincussohn.  ipo6,  using  dogs  with  the  Pawlow  gastric  yrouch.     Coffee  $k 
a  considtrablc  but  brief  increase  of  quantity  and  acidity.    "  Mall  coffee"  (the  tj-M 
the  coffee  substitutes  prepared  by  roasting  cereals)  has  a  similar,  but  weaker  act 
Tea  and  ordinar>'  cacao  decrease  the  secretion;  but  cacao  in  which  the  fat  has  beefl 
duccd  to  15  per  cent,  causes  some  increase. 

With  normal  men,  a  liter  of  coffee  or  tea,  hot  or  cold,  taken  with  meals,  haf 
definite  effect  on  the  acidity  or  the  evacuation  time  of  the  stomach.  Cocoa,  ^  I 
liter,  decreased  the  acidity  and  delayed  evacuation  (R.  J.  Miller  ti  alj  1930);  presumi 
through  its  fat. 

Chronic  Caffein  Poisoning  in  Animals. — .Salant  and  Rieger.  igio,  found  that 
continued  administration  of  dofe^  which  did  not  cause  acute  effects,  eventually  ] 
duccd  emaciation,  often  ending  in  death.  The  stomach  and,  to  a  less  degree,  the  in 
tine  showed  inflammatory  changes. 

On  the  other  hand,  they  found  that  habituation  increased  the  tolerance 
poisoning,  the  fatal  dose  being  15  to  80  per  cent,  larger  than  ordinary.     Goure 
1907,  also  claims  a  "  histogenelic  "  habituation 


activ 


Mice  kept  continuously  under  caffein  were  found  to  exhibit  less  than  the  n< 
vity,  but  showed  a  normal  gain  in  weight  (Nice,  1912). 


MORPHIN  GROUP 


259 


OPIUM,  MORPHIN  AND  RELATED  ALKALOIDS 

Members. — Opium  contains  two  chemically  distinct  groups  of  alkaloids. 
The  group  of  raorphin,  or  the  phenanthren  derivatives,  is  practically  the 
most  important.  It  comprises  morphia  and  the  esters  formed  by  replac- 
ing the  H  of  one  or  both  hydroxyls  of  morphin.  Some  of  these  occur 
naturally  in  opium  (methylmorphin  or  codein;  dimethyl-morphin  or 
ihebain).  Others  are  produced  synthetically  (elhyl-morphin  or  dionin, 
diacetyl  morphin  or  heroin,  etc.)- 

The  second  group,  or  isoquinolin  derivatives,  is  represented  by  papa- 
verin  and  narcotin.  Similar  alkaloids  preponderate  in  other  plants  of 
the  poppy  family.  Their  actions  depend  apparently  on  the  presence  of 
the  benzyl  radicle;  and  are  shared  by  simpler  synthetic  benzyl  derivatives. 
Since  morphin  is  the  most  important  of  the  opium  alkaloids,  it  will  be 
corisidercd  first. 

Central  Nervous  System. — The  most  important  actions  of  morphin 
are  on  the  central  nervous  system.  It  depresses  the  brain,  especially  its 
higher  functions.  The  medullary  centers  are  first  stimulated,  then 
depressed.  The  reflexes  and  the  spinal  functions  are  mainly  stimulated. 
The  effects  are  broadly  identical  in  all  vertebrate  animals,  although  the 
(losagc  varies  greatly,  and  the  symptoms  show  considerable  differences  in 
the  relative  prominence  of  certain  phenomena  and  in  the  time  required  to 
produce  the  successive  actions. 

.Wircotic  Action. — The  descending  depressant  action  of  morphin  is  well 
illustrated  by  the  frog,  in  which  the  development  of  the  svTiiploms  corre- 
^iomh  closely  to  those  produced  by  progressive  removal  of  the  brain. 
This  is  also  the  general  course  in  mammals;  but  with  these  the  symptoms 
are  more  confused.  The  difference  is  explained  by  the  more  rapid  action 
of  the  drug,  and  bj'  the  more  intimate  correlation  of  the  nervous  centers. 

Bffeds  of  Morthin  on  Frogs. — After  doses  of  ao  to  50  mg.  the  symptoms  start  with 
<liniinulion,  and  then  absence,  of  voluntary  movements,  but  the  animal  reacts  normaHy 
'litti  nimulflted.  (This  corresponds  to  ablation  of  the  hemispheres.)  The  froR  sits 
quietly  in  the  normal  position;  he  will  climb  up  an  inrlincd  plant  and  give  the  croaking 
™flo  vhen  fttrokcd.  When  placed  in  a  tumbler  fillet!  with  water  and  inverted  in  a 
■ije  vwsel  of  water.  It  will  leave  the  glass  to  seek  the  air.  A*  the  narcosis  deef>ens, 
'^^'tII  remain  under  the  glass.  Placed  on  the  table,  its  leaps  become  more  and  more 
clumsy,  and  It  docs  not  avoid  obstacles  in  jumping  (corresponding  to  excision  of  the 
'^"'pora  quadrigemina).  Then  the  animal  fails  to  leap  even  when  stimulated  (paralysis 
'^ftrrcbflhim);  but  when  turned  on  its  back,  it  will  resume  its  normal  sitting  poMtion. 
fflfe reaction  also  becomes  more  and  more  delayed,  and  can  be  obtained  only  by  rein- 
WKiiig  the  stimulation  through  pinching,  etc..  until  finally  it  fails  altogether  (paralysis 
<>tfflMlulU  oblongata).  The  reflexes  are  weakened,  but  present.  The  respiration  is 
•housed. 

Morphin  Tetcnux  in  Frogs. — After  the  frog  has  remained  in  this  depressed  condition 
''■  ^ime  time  (n  few  minutes  to  several  hours;  the  shorter,  the  larger  the  dose),  the 
■  •[■ir-Jtlon  becomes  spasmodic,  resembling  superficially  the  Cheyne-Stokes  type;  then 
■*''  pinal  rellcxes  return;  and  the  frog  passes  gradually  into  a  tetanus  of  the  str\'fhmn 
,  Itxrated  in  the  spinal  cord.  The  delayed  appearance  of  this  tetanus  is  due  to  the 
)rption  of  the  effective  dose,  for  it  appears  at  once  on  intravenous  injection 
lan,  iSgtJ.  The  convulsions  occur  more  promptly  if  (he  heart  is  lied  off  (Gith- 
^TfltjEcr,  iqii),  presumably  because  thus  more  of  the  morphin  reaches  the 
(Abel,  lou).  The  onset  is  also  hastened,  and  the  necessary  dose  reduced, 
I  by  removal  of  the  cerebrum,  which  inhibits  convulsions.  The  results  arc 
i  if  the  medulla  is  not  destroyed  (Oithens.  1913). 

•  n  and  Ross.  IQ15,  fmd  that  the  pre\'ious  injection  of  morphin  sensitises 
fropi  to  iirvchnin,  so  that  5tr>'chnin  tetanus  dc\*eIops  more  quickly~pro\'ided  that  a 
Jatcnl  period  of  one-half  to  two  hours  elapses  between  the  morphin  and  strychnin 
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injections.    The^*  believe  that  the  tetanizing  action  is  due  to  an  oxidation  product 
morphjn,  since  an  artificially  oxidized  morphin  tetanizes  more  rapidly.     Along  the  same 
lines,  they  explain  the  usual  absence  of  tetanus  in  mammals  by  assuming  rapid  destruc- 
tion of  the  tetanizing  substance.     The  explanation  involves  some  unprovt-n  assumptions. 

Death. — The  tetanus  is  mixed  with  paralytic  phenomena,  the  animal  l>'ing  lax 
tween  the  spasms.     Eventually  the  paralysis  becomes  permanent  and  ends  in  death 
The  hfart  is  still  beating  at  this  stage  and  is  indeed  little  alTcctcd  directly,     Death  m 
also  occur  during  a  spasm.     The  con\'ulsive  stage  may  be  absent  with  very  large  or 
very  small  doses. 

Recovery. — If  recovery  occurs,  the  depressed  functions  recover  in  inverse  order  to 
their  appearance  (WTtkowski,  i**77.  This  paper  also  gives  the  older  bibliography  of 
the  experimental  work  with  morphin). 

Invertebrates  do  not  show  t>T5ical  morphin  effects.  h 

Narcotic  Symptoms  in  Human  Subjects.— The  first  effect,  produced™ 
by  doses  too  small  to  elicit  any  other  symptoms  (5  mg.),  consists  in  dimin- 
ished sensibility  to  lasting  impressions;  especially  such  as  give  rise  to  pain, 
cough,  fatigue,  hunger,  discomfort,  and  other  disagreeable  sensations. 

Somewhat  larger  doses  (10  mg.  or  more)  depress  the  attention  and  thus 
weaken  the  appreciation  of  other  external  impressions.     A  sudden  stimulus 
may  evoke  a  normal  or  exaggerated  reflex  response;  there  is  even  increased 
acuteness  of  perception  of  external  impressions  (Kraepelin,   1892);  but  ^ 
persistent  or  gradual  stimuli  are  neglected.    The  stimuli  are  evndentlyS 
transmitted  to  the  brain,  but  do  not  fix  the  attention.     The  faculties  of™ 
concentration,  of  judgment  and  of  memorizing  (Weygandt,  1903)  arc  aU 
seriously  disturbed,  ccmstituting  a  narcosis.*     Through  this  exclusion  of 
external  stimuli,  the  patient  is  quieted,  and  then  passes  through  a  dreamy, 
apathetic,  drowsy  state,  into  natural  sleep.     Exceptionally,  the  disturbed 
balance  of  the  brain  leads  to  excitement  (especially  in  cats)  and  even  to 
delirium.  ^ 

Larger  doses  catise  a  much  more  extensive  depression,  the  sleep  becom-" 
ing  so  profound  that  the  patient  can  be  aroused  only  imperfectly  and 
with  difficulty.    Eventually  the  coma  and  insensibility  are  complele- 

Psychalogic  Experiments  on  Man. — Macht  and  Isaacs,  1916  and  1917.  find  that  4 
to  8  mg.  generally  produce  a  primary  stimulation,  i.e.,  they  shorten  the  reaction- time. 
This  is  often  followed  after  one-half  hour  by  delayed  reaction.  With  larger  doses,  the 
primary  stimulation  is  very  short  and  may  be  absent;  and  the  secondary  depression 
is  predominant. 

Association  (arithmetic)  is  delayed  more  readily,  and  mistakes  are  more  numeroui,, 
than  with  simpler  reactions. 

Potention  of  the  narcosis  occurs  in  most  individuals  by  the  addition  of  narcotia 
and  other  opium  alkaloids. 

Behavior  of  Rati — Macht,  1920,  studied  the  influence  of  opiates  on  the  behavior  of 
rats  that  had  been  trained  to  a  maze.     He  found  that  morphin,  even  in  minute  doses. 
markedly  impaired  the  memory  and  the  activity.     Both  series  of  opium  alkaloids  wcn*-__ 
depressant,  but  the  papaverin  group  much  less  than  the  morphin  groun.     Muturr^M 
with  the  isoquinolin  alkaloids  appeared  less  depressant  than  corresponaing  doses  '^^B 
morphin  alunc. 

Relative  Analgesic  Action  of  Opium  Alkaloids. — Morphin  is  decidedl>- 
tbe  strongest  hypnotic  and  analgesic  member  of  the  group. 

Analse^ie   Experiments  on   Afan. — Macht,   Herman  and  Levy,    1916,   investigate-^J 
the  influence  on  the  sensory  threshold  by  a  quantitative  method.     They  find  the  efia.3 
ciency  highest  with  morphin;  then  comes  papaverin;  then  codein;  narcotin,  narccin  *»< 
thebain  are  practically  not  analgesic.     However,  narcotin  had  a  considerable  potci 
tiatin^  action  on  mor]>hin. 

With  h>^>ode^mic  injection,  5  mg.  of  nwrphin  produced  no  measurable  analgcs-*^ 
effect;  with  10  mg.,  the  analgesia  was  marked  in  two  subjects;  the  thinl  responded  k>>* 

■  Nmrcatics  are  gubstBnc«s  which  ftupcfy:  Opium,  ftlcobol,  cAonabu.  utropin  Bod  umilAr  dni^^ 
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h3rpercsUiesia,  especially  to  larger  doses,  although  all  the  other  narcotic  effecu  were 
present.  With  codtin,  20  to  25  mg.,  the  analgesia  was  only  slight;  with  ^apavtrin^ 
4.^  mg.,  it  was  as  strong  as  with  lo  mg.  of  morphin,  but  slower  and  shorter;  with  narcotin, 
8  rag.  was  ineffective;  jo  to  40  mg.  producetl  first  some  h>*pcrexcitability;  then  slight 
a.rsxslgesia.  Narccin  and  thebain,  10  mg.,  were  ineffective.  With  a  mixture  of  equal 
pa.rt£  of  morphin  and  narcotin.  containing  jVd  mg.,  the  analgesia  was  almost  as  great 
as  with  10  mg.  of  morphin  alone.  This  combination  was  also  effective  in  the  subject 
^^-llo  resisted  morphin. 

Excitant  Effects  in  Man. — Some  Eastern  races,  especially  the  Malays, 
as  also  some  individuals  of  other  races,  particularly  women,  are  apparently 
more  excited  than  depressed  by  morphin.  This  can  perhaps  l)e  explained 
by  diminished  restraint,  rather  than  by  direct  stimulation.  The  same 
explanation  probably  holds  true  also  for  the  flights  of  imagination  which 
fill  the  period  preceding  the  sleep. 

Effects  of  the  Other  Members  of  the  Group.— Codein  and  diaceiyl- 
nnorphin  are  less  quieting,  anil  perhaps  more  excitant  and  convulsant  than 
naorphin.  Codein  does  not  inhibit,  but  rather  increases  the  convulsions  of 
camphor,  etc.  (Januschke  and  Masslow,  1915). 

Imflgiination. — It  is  self-evident  that  an  unrestrained  imagination  will  take  very 
different  directions,  according  to  the  individual.  In  some  it  will  tend  directly  to  sleep; 
in  others,  it  may  run  prnrnl  sUcp;  in  some  it  will  be  highly  unpleasant,  whilst  others 
v-ili  welt  to  repeal  the  experience  and  thus  fall  easy  victims  to  the  morphin  habit.  The 
d}'nnnli$iat  f-fffili,  which  occur  in  some,  and  the  anaphrodisiac  action  m  others,  depend 
up.»n  Ihis  atlion  on  the  Imagination. 

Special  Senses. — These  are  not  affected  directly.  They  may  appc;ir  disturbed 
itmiiiith  [he  impaired  allcntion,  or  through  the  heightened  reflex  irritability. 

Symptoais  in  the  Lower  Mammals. — The  effects  are  almost  purely  depressant 
'ipathy,  stupor,  analgesia,  *leep  and  coma)  in  the  dog,  rabbit,  guinea  pig.  white  rat, 
nioiue  and  sparrow.  The  acute  retlexes  are  heightened,  but  firm  pressure,  which  would 
be  much  more  painful  in  normal  animals,  elicits  no  response.  Dors  exhibit  a  peculiar 
duinabe«s  and  incoordination  in  their  voluntary  movements.  They  stand  and  walk 
UMteadily,  and  often  drag  their  hind  legs  ("hyenoid  walk"  CI.  Bernard).  These 
nwioT  symptoms  resemble  those  of  ablation  of  the  motor  areas.  On  the  other  hand, 
"W  often  sees  convulsions,  tremors  or  choreiform  twitchings  of  the  limbs.  The  ex' 
{itahilUy  of  the  mvtor  areas  to  electric  stimulation  is  not  altered  even  by  the  largest  doses 
'  jfitzic,  ii<7,%).  The  respiration  may  at  first  be  very  rapid,  but  is  eventually  depressed. 
Vomiting  and  defecation  occur  early. 

In  the  cat  (and  also  with  the  horse,  ass,  beef,  sheep,  pig  and  goat  and  sometimes  in 
*^(8)  the  coma  it  prerrdrd  by  more  or  Uss  exHtemmt.  The  cat  particularly  exhibits  a 
^joVnt  mania,  races  about  as  if  in  extreme  terror,  with  promment  eyes  and  widely 
•^^ted  pupils,  scratching  and  clawing  wildly.  Sometimes  there  are  even  convulsions. 
T^"  symptoms  have  been  interpreted  as  stimulation.  In  fact,  however,  the  psychic 
(unctions  are  depressed;  the  animal  does  not  avoid  obstacles  in  its  career;  marked  anal- 
P^  is  present.  The  excitement  is  apparently  due  mainly  to  terror,  to  which  the 
Wosea  contributes  greatly,  and  which  is  not  inhibited  by  the  normal  restraining  im- 
pbes  fsince  these  are  dulled  by  morphin).  The  excitant  effect  on  cats  is  also  produced 
vy  rrxlein  and  thebain;  whilst  papaverin  and  narcein  are  mainly  depressant  (G.  H« 
WQlicr,  1008). 

Keiaiire  Toxicity  for  Diferent  Animals. — The  tolerance  for  morphin  differs  remark- 
*W>  .Man  is  by  far  the  most  susceptible,  the  fatal  dose  for  man  being  no  greater  than 
'^t  required  for  a  frog  of  but  Hooo  the  weight.  Pigeons,  goats,  rabbits  and  pigs 
jcqiiirt  nearly  joo  times  the  human  dose,  per  kilogram;  dogs  and  cats  about  15  times; 
'''>ry  and  row  two  to  four  times. 

Respiratory  Center.— Morphin  and  its  derivatives  depress  the  excita- 
'■•'ii'v  of  the  respiratory  center.  The  spontaneous  rhythm  and  the 
^'^fconsc  to  asphyxia,  and  to  reflexes  are  all  lowered.  There  is  also  a 
''latltrd  decrease  of  the  couph  reflex;  this  action  probably  involving  a 
wniewhat  different  mechanism  and  de[>ending  partly  on  the  analgesic 
effect 
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Very  minute  doses  (2  mg.  of  morphin  for  man)  lessen  the  cough  reflex 
without  producing  any  other  noticeable  change.     Somewhat  larger,  but; 
still  non-narcotic  doses  (3  to  15  mg.  of  morphin),  diminish  the  excitabilil/ 
for  carbon  dioxid,  and  to  a  lesser  degree  for  other  afferent  Impulses  (Y, 
Henderson  and  Scarbrough.  1910).     The  threshold  to  CO*  is  raised  (Hig 
gins  and  Means,  191 5).     The  respiratory  rate  may  be  slowed  (Gscheidlen, 
1869),  or  slightly  quickened  (Higgins  and  Means,  1915).     With  the  smaller 
of  these  doses,  the  depth  and  efficiency  of  the  respiration  is  somewhat 
increased,  especially  if  it  has  been  superficial.     Dyspneic  respiration  is^ 
quieted,  and  "air  hunger"  relieved.  V 

Toxic  doses  cause  very  marked  decrease  of  excitability,  rate,  depth,  and 
efficiency;  periodic  respiration  (Filehne;  Barbour,  1914),  resembling  the 
"Cheyne-Stokes  txpc"  (Fig.  8);  and  finally  arrest  of  respiration,  before 
the  heart  is  seriously  injured. 

Codein,  heroin,  and  all  other  morphin  derivatives  produce  the  same 
effects  (Issekutz,  191 1). 

Codein  has  the  material  advantage  of  relative  freedom  from  undesir- 
able side  action  and  is  therefore  preferable  in  cough.  Heroin  has  no  real 
advantage;  it  is  at  least  as  liable  as  morphin  to  induce  habit  formation; 
and  it  is  much  more  toxic  (Harnack,  1899).  Morphin  is  much  more 
effective  than  its  derivatives  in  quieting  dyspnea. 


Pig.  8. — Cbeync-Stoke*  mpintion  (HCN  poisoaing,  dog) 


Some  of  the  minor  opium  alkaloids  stimulate  the  respiratory  center; 
so  that  opium  is  rather  less  depressant  to  the  respiration  than  would  be 
expected  from  its  morphin  content  (Machl,  191 5). 

Rate  and  Depth  of  Respiration. — The  efffct  of  morphin,  as  of  most  dni^s  acting  on  the 
respiratory  center,  is  mainly  on  the  rale.  With  small  doses,  the  depth  is  affected  only 
secondarily,  namely,  increaHrd  in  the  attempt  to  compensate  for  the  slowed  rate,  espe- 
cially if  the  respiration  was  previously  superficial  (Issekutz,  igii).  The  effects,  there- 
fore, rewmble  those  of  section  of  both  vagi:  this  suggests  that  the  effect  might  be  due  to 
blocking  of  the  normal  augmentor  vagus  impulses;  but  this  is  not  the  correct  explana- 
tion, for  morphin  does  not  block  the  response  to  electric  stimulation  of  the  vagi,  and  it 
also  causes  a  further  slowing  after  both  vagi  have  been  diNnded  (Cushny,  1913). 

In  thf  dogy  the  h>'podcrmic  injection  of  morphin  first  causes  a  quickening  of  respira- 
tion (perhaps  through  nausea)  followed  in  fifteen  minutes  by  the  typical  slowing  (Mayor, 
1908).  In  frogs,  the  slowing  is  succeeded  by  quickening,  just  prior  to  the  con>'ulsi\'fc 
stage.  A  secondary  quiikening  is  also  seen  in  rabbits  (HIchne,  1879;  Cerfia,  1892)  but* 
never  in  man. 

Decreased  Excitahilitv  of  Respiratory  Center. — This  is  shown  by  the  fact  that  apnt* 
is  more  easily  produced,  and  more  lasting  (Filehne,  1S79;  Cushny  and  Lieb,  1915). 
The  blood  becomes  more  venous,  the  oxygen  content  l>ctnfl[  decreased  and  the  carboa 
dioxid  incrcjised  (Filehne  and  Rionka,  1895).  Asphyiia  produced  by  the  inhalation  ol 
carbon  dioxid  or  deprivation  of  oxygen  in  normal  animals  increases  the  depth  and  rate  of 
respiration.  Under  morphin,  this  response  is  of  the  same  type,  butver>*  much  decreased 
(A.  Loewy,  iftpo;  Lindhard,  191 1;  Cushny.  1913;  Cushny  and  Lieb,  191 5).  Afferent 
inhibitory  respiratory  reflexes  arc  rendered  more  effective;  but  acute  augmentor  re- 
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^^BBsaie  not  mAterially  altered  (Cuahny).     The  response  to  persistent  irritation  (cough) 
^^Bf  cour«  diminishecl. 

^B^^i"^^  the  reactions  of  the  center  to  reflexes  and  COj  stimulation  preserve  the  normal 
'  type,  Cushny  and  Lieb  ascribe  the  action  of  morpbin  to  slowing  of  the  intrinsic  rhytlim 
oj  the  respirator^'  center.  The  hydrocarbon  narcotics  (urethane),  on  the  other  hand, 
»ress  nuunly  the  asphyxial  reflex. 

Druis  on  COt  //y/irfrt&j.— Decreased  response  to  COf  accumulation  is  also  caused  by 
in,  codcin  and  chlorftow.     This  depression  is  removed  by  moderate  doses  of  cafein. 
iptn  sUmulalcs  slightly  after  morphin.     Stimulation  by  camphor  and  epinephrin 
fllmibtful  (Voegtlin  and  Wiggers,  igi8). 

'  idorpkin  Dertvatives  on  Respiration. — Heroin  was  introduced  by  Dreser,  1898,  with 
cUim  that  therapeutic  doses  lessen  the  cough  reflex  and  stow  the  respiration;  but 
the  inspirations  arc  deepened  and  more  powerful,  so  that  the  alveolar  air  is  more 
rtively  ventilated.     Independent  workers,  however,  have  shown  that  there  is  no  real 
from  morpkin  (Cushny,  1913).     The  deepening  of  the  respiration  is  not  con- 
it  iSantcsson;  Lewandowsky;  Hamack,  i8qq),  but  is  seen  only  with  small  doses, 
slowing  is  excessive  or  wlien  the  respiration  has  been  shallow  (Fraenkel,  i8qq). 
ite  doses  of  codein,  dionin,  and  even  morphin  produce  practically  the  same 
rracnkcl;  Issekutz,  igir).     In  man,  the  respiratory  effect  of  5  mg.  of  heroin 
>ad  almost  quanti|l^vely  to  those  of  xs  mg.  of  morphin  (Higgtns  and  Means, 

Dreser  also  claimed  that  heroin  did  not  alter  the  exdiahility  of  the  center  to  carbon 
)xid,  but  lessened  the  reflex  excitability  (to  stretching  of  the  lungs).  Iropens,  under 
!r,  likewise  claimed  the  carbon  dioxid  threshold  unaltered  by  heroin  (and  dionin), 
nised  by  codein.  and,  of  course,  still  more  by  morphin.  Wtnternitz,  iSgg,  found 
tbe opposite  result,  the  threshotdbeingraiscdby  heroin,  but  not  by  codein  or  dionin. 
difference  is  probably  insignificant :  nanf  of  the  derivaiivcs  raise  the  thrcjhoid  as  mitck 
vmgrpkin.  and  they  are,  therejore,  less  efcciive  in  relieving  dyspnea. 

Separait  and  Combined  Opium  Alkaloids  on  Respiratiott. — This  subject  has  been 
iowstigated  by  Macht,  1915.  He  finds  the  effects  of  morpkin  on  rabbits  and  dogs 
"SfiiUally  as  described.  SmaU  doses  fo.i  mg.  per  kilogram)  markedly  slow  the  rate, 
but  somewhat  increase  the  minute-volume  and  alveolar  ventilation;  but  the  response 
oj  the  center  to  COj  is  somewhat  decreased.  Full  doses  (i  to  5  mg.  per  kilogram) 
dimmish  the  rate,  minute- volume,  alveolar  ventilation,  and  response  to  COi. 

Small  Dosfs  of  Codcin  (i  io  2  mg.  per  kiloi^ram)  generally  slow  the  rate,  without  much 

tbiagc  in  the  minute-volume,  alveolar  ventilation  or  CO3  response.     Convulsive  doses 

'^0  me.  per  kilogmm)   increase  the  ventilation   and   COi  response.     Narcotin  and 

'  'r  increase  the  COi  response,  although  the  rate  may  be  slightly  slowed.     iVar- 

■  "■hain  and  crypiopin  produce  cither  no  effect,  or  slight  stimulation  of  the  res- 

center. 

nnation  of  the  slimutant  alkaloids  Vfilh  morpkin  gives  simple  summation  of 
"K"  r»piratory  action;  i.e.,  their  stimulatJon  partly  counteracts  the  morphin  deprcs- 
B0&     Inis  is  true  for  opium  as  well  as  for  artificial  mixtures.     It  also  holds  for  the 
ffspiraUfry  cenicr. 


Bronchial  Musdes, — These  are  slightly  relaxed  by  therapeutic  doses 

^f  tnorphin,  and  more  powerfully  by  papaverin  and  narcotin  (Pal,  1913; 

'•;    t.  1915);  whereas  large  doses  of  morphin.  codein.  dionin  and  espe- 

beroin,  narcotin  and  thebain.  produce  marked  constriction.     Iliggins 

leans,  1915,  observed  bronchial  constriction  in  man  with  15  mg.  of 

i  !iin  or  5  mg.  of  heroin.     The  relaxation  may  play  a  part  in  the  relief 

fli  bronchial  spasm  (asthma);  whilst  the  constriction  may  contribute  to 

ti«  asphyxia  of  toxic  doses. 

The  eSects  are  peripheral,  for  they  occur  on  excised  bronchial  muscle  (relaxation, 
Trvndeienburg,  1912)  as  well  us.  In  pithed  (constriction,  Jackson,  1914,  T915  and  1916) 
"^  ID  intact  animals  (relaxation  with  small,  constriction  with  large  doses;  Hrodie  and 
in,  IQO,0-  The  constrictor  action  is  not  antagonized  by  atropin,andmust  therefore 
the  muscle  or  myoneural  junction.  It  can  be  overcome  by  powerful  dilator 
'•ytnpatbelic)  stimulation  (cplnephrin,  hordenin.  Jackson,  1914  and  iijts). 

Tnr  combination  of  morphin  and  narcotin  in  dilator  concentration  gives  t^s  dila- 
thsn  cither  alone  (Macht,  1915).    This  is  similar  to  the  beha\'ior  of  the  coronary 
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Bronchial  Secr€iion.~~\Jn\css  there  is  nausea,  the  secretion  of  muc 
appears  diminished;  particularly  in  broncliitis.  This  may  be  explaini 
largely  by  the  suppression  of  cough,  permitting  a  longer  sojourn  of  tl 
mucus  in  the  bronchi,  with  consequent  removal  of  its  water  by  ahsor 
lion  and  drying;  but  there  may  also  be  a  central  depression,  analogous 
that  of  the  salivary  secretion,  for  a  decrease  of  tracheal  secretion  has  bei 
demonstralecj  in  animals  fRossbach,  1882). 

Circvdation,— There peiUic  doses  of  morphin  or  its  derivatives  do  n 
affect  the  circulation  materially.  In  man,  there  is  generally  an  (indirec 
increase  of  pulse  rate  immediately  after  an  injection;  this  is  quickly  f< 
lowed  by  persistent  moderate  slowing,  with  increased  fulness  and  for 
(stimulation  of  vagus  center).  The  blood  pressure,  after  a  short  rise,  mi 
remain  level  (Anderes,  1913),  or  falls  slightly  (Guinard,  1895),  throuf 
the  slowing,  and  perhaps  through  incipient  depression  of  the  vasomot 
center.     The  cutaneous  vessels  are  markedly  flughed. 

With  toxu  doseSt  the  fall  of  blood  presstIrej%more  marked  (centr 
vasomotor  depression),  and  the  pulse  becomes  weal,  varying  in  rate,  an 
often  arythmic  (stimulation  of  vagus  center  and  disturbed  cardi 
conduction). 

The  heart  muscle  suffers  indirectly,  by  the  low  blood  pressure  an 
asphyxia  (hence  danger  in  cardiac  insufficiency,  especially  when  co; 
bined  with  dyspnea).  Ordinarily  the  circulation  remains  fairly  goo< 
until  death  occurs  by  paralysis  of  respiration.  Direct  depression  of  t 
heart  is  produced  only  when  morphin,  or  especially  its  derivatives, 
perfused  directly  through  the  heart. 

Hering,  1915.  believes  that  the  increased  vagus  tone  resulting  froi 
large   doses   may   indirectly   produce   ventricular   automatism,   or  ev 
fibrillation,   especially    in   pathologic   hearts    tending  in  that  direction 


Vagus  Cenler  and  Cardiac  Condtution. — Dogs  show  the  siime  phenomena  in 
marked  degree.     The  preliminary  acceleration  is  due  to  nausea.     The  t>'pical  slow!] 
does  not  occur  after  section  of  tlie  vagi,  and  is  therefore  central.     It  occurs  with  vei 
sm&ll  doses,  increases  with  larger  doses,  and  passes  into  ar>''thmia  (van  Egmond,  iqi 
Anderes,  1913).     Electrocardiograms  also  show  central  vagus  stimulation  (Einthoven; 
Cofan,  IQ13);  and  sin  us- auricular  and  auriculo-vcntricular  heart-block,  separate  or  cot^ 
btncd,  removable  by  atropin  {Eyster  and  Meek,  iqu,  1913).    The  reflex  excitablU 
of  the  vagus  center  is  also  increased  (Jackson  and  Kwing,  1914). 

The  effect  on  the  pulse  rate  is  inconstant  in  cats,  absent  in  rabbits  ^Egmoa 
Anderes  found  constant  slowing  in  rabbits,  the  vagus  stimulation  being  partly  cent 
partly  peripheral  through  decrease  of  the  negative  thoracic  pressure. 

Morphm  scnsiti/^s  the  vagus  center  to  epincpkrin  (Heinekamp.  loio'. 

The  cjirdio-inhibilor>'  center  of  tlie  turtle  is  stimulated  by  perfusing  morphin  th 
the  medullary  circulation  (Bush,  ip3o). 

Cardiac  Muscle. — On  the  I..angendorfI  excised  mammalian  heart,  morphin  and  all 
derivatives  first  increase  the  rate  and  amplitude;  this  is  followed  by  decrease,  and 
systolic  standstill  (Vinci,  1907). 

The  heart  of  dogs  shows  only  depression  with  morphin  or  heroin;  and  heroin  is 
purely  depressant  to  the  heart  of  rabbits,  and  is  2  to  4    times   as    toxic   as    morp! 
(Arbuzow,  IQ17). 

The  rate  of  the  perfused,  niropin'ized  frog's  heart  is  quickened  by  dilute,  slowed 
more  concentrated  solutions  of  all  the  papaveraceous  alkaloids;  morphin  being 
least  deleterious  (Hale,  ipog).    Lippcns,  190S,  found  pcronin  highly  toxic  for  the  lur 
heart.     Narcotin  is  the  most  toxic  of  the  opium  alkaloids,  for  the  heart  (Macht,  191 
Papaverin  lowers  the  cardiac  tone  (Pal);  this  is  followed  by  considerable  tach 
(Renon  and  Desbouis,  1914). 

Card'uK  Ganglia. — These  show  degenerative  histologic  lesions,  simitar  to  those 
alcohol  or  chloroform  (Lissauer,  1914). 

Coronary  Circulation — This  is  quickened,  by  dilation  of  the  coronary  veSAels» 
most  of  the  opium  alkaloids.     The  action  is  most  marked  with  narcotin  and  papa 
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slight  mth  mnrphin,  very  slight  with  coclein,  heroin  or  pantoptum,  and  absenl  with 
Inarccin  and  UieDaia  (Macbt,  1(^15). 

Vasomotor  Effcls. — These  have  not  been  satisfactorily  investigated.     Gscheidlcn, 

iS6g.  found  that  the  center  is  not  completely  paralyzed  even  in  advanced  poisoning; 

stimuUtion  of  the  spinal  cord  still  gives  a  rise.     The  venous  pressure  is  not  changed  by 

,  moderate  doses,  slightly  lowered  by  toxic  doses,  indicating  vasodilation  (Capps  and 

I  Matthews,  iqij). 

Cerrbral  Cirailation. — The  effects  arc  small  and  inconstant  with  ordinary  doses. 
Huerthle.  i88p,  found  sometimes  an  increase,  sometimes  a  deca'asc,  of  the  flow.  AHp- 
randi,  1Q05,  describes  a  brief  constriction,  followed  by  lasting  dilation.  Frankfurthcr 
xnd  Hirsrhfcld,  igio,  describe  an  initial  increase  of  brain  volume,  followed  by  decrease, 
ihr  IflUer  probably  due  to  the  fall  in  general  blood  pressure. 

Action  on  Skin. — Morphin  and  its  esters  have  a  direct  mild  irritant 
action  on  the  skin,  resulting  in  erythema,  itching  and  wheals.  These 
effects  are  marked  with  local  application  to  the  scarified  skin,  and  occur 
lo  some  degree  after  the  internal  administration  of  therapeutic  doses. 

Cifctdation  of  the  Skin;  Diapkoreiic  Adion. — The  cutaneous  vessels  are 
specifically  dilated  even  by  small  doses.  The  skin  is  reddened,  warm, 
^d  the  perspiration  increased.  This  action  is  utilized,  in  the  form  of 
Dover's  powder  (Pulvis  Ipecac  et  Opii,  0.5  Gm.  at  night)  for  the  *'abor- 

n"  of  colds.       n  susceptible  individuals,  the  cutaneous  dilation  may 

c  rise  to  exanthemata.  With  toxic  doses  the  skin  becomes  pale 
h'asodilation  of  ihe  splanchnic  area),  and  cyanotic  (asphyxia). 

Otfu:r  Poisons  whkh  tnay  Produce  Erythema  on  Systemic  Administra- 
tion ztq'.  atropin,  quinin,  chloral,  barbital,  benzol  derivatives  (antipyrin, 
dnchophen.  salicylates,  aspirin,  etc.),  iodids,  bromids,  sera,  etc. 

M'4rj/j.-:-Thc  local  application  of  solutions  of  morphin  or  any  of  it*  ester*  lo  the 
skin  results  in  the  production  of  un  urticarial  wncal(Philippon,  iSo9;Toiskand 
;  iQoy,  Jadassohn  and  Rolhc,  igi^;  Sollmann,  1017}.     Similar  wheals  arc  produced 
histamin.  peptone,  emctin,  and  calcium  chlorid  (Sollmann  and  Pilchcr,  1017). 

Conjunctival  Reaction  to  Ethylmorphin  (Dionin). — The  direct  applica- 
tion of  a  t  to  5  per  cent,  solution  or  ointment  produces  burning  pain, 
hyperemia,  and  acute  edema  of  the  lids  and  conjunctiva,  which  disappears 
without  any  ill  effects.  This  reaction  is  used  in  ophthalmology  for  the 
■"cmoval  of  old  inflammatory  products. 

The  edema,  which  is  ascribed  to  vascular  congestion,  appears  in  a  few  minutes  and 
'»U  ior  several  hours.  There  is  also  some  more  persistent  local  anesthesia.  The  pupils 
w«  U  first  constricted,  and  the  intraocular  tension  is  raised  (Toczyski,  igii).  The 
"kma  «ibcs  not  occur  in  rabbits,  but  readily  in  dogs  or  cats  (Axenfeld,  1005). 

Benzoyl -morphin  (peronin)  is  said  to  act  in  the  same  way:  but  the  effect  does  not 
with  morphin,  cudein,  heroin,  or  any  of  the  natural  opium  alkaloids. 

Effect  on  Pupils. — In  man  (not  in  animals)  even  small,  scarcely  anal- 
doses  of  morphin  constrict  the  pupib.     The  miosis  is  due  to  a  stronger 
'Constrictor  (oculomotor)  tone;  for  it  disappears  when  the  ocidomotor  end- 
are  paralyzed  by  atropin;   whilst  it  is  scarcely  affected  by  cocain. 
-h  stimulates  the  sympathetic  endings.     The  action  is  central,  for  it  is 
luccd   by  local  application.     It  has  I>een  suggested  that  morphin 
the  inhibitory  impulses  which  normally  keep  the  oculomotor 
in  abeyance  (Meyer  and  Gottlieb).    There  is  a  fairly  lasting  rise  of 
miraocular    pressure    (Myashita,    1913).    Ethyl-morphin    produces    a 
shorter  rise. 

Tkr  oculomotor  ctnttr  (pupillo-constrictor)  appears  to  be  normally  in  a  state  of  partial 

"  Itjon  tlirough  a  variety  of  sensory  impulses.     When  Uiese  are  diminished — as  by 

narcosis,  and  in  a  specific  manner  by  morphin— the  oculomotor  lone  increases. 
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and  the  pupils  contract.     WKen  the  inhibitory  imnulses  are  reinforced — as  by  emolii 
electric  slimutation  of  the  cerebral  cortex,  ospnyxia,  etc. — the  oculomotor  tone 
diminished,  and  the  pupils  dilate.     That  this  type  of  mydriasis  is  not  due  to  stimulalia 
of  the  s>*mpathctic  (dilator)  center,  is  shown  by  the  fact  that  it  occurs  after  division 
the  ccmcal  sympathetic  nerve  (Braunslcin,  1894). 

Pupil  Changes  in  Am'mais. — In  cats,  the  pupils  are  dilated,  in  conformity  with 
general  excitement.     In  dogs,  the  effect  is  variable,  but  generally  dilator. 

Spinai  Cord.— Morphin  and  all  the  members  of  the  group  increaj 

the  spinal  reflexes. 

Large  doses,  in  frogs,  produce  convulsions  which  are  indistinguishabl 
from  those  caused  by  strychnin.     Mammals  generally  die  from  the  r 
piratory  depression  before  the  convulsant  stage  can  develop;  but   th 
smaller   mammals  may  exhibit   muscular  stiffness  and   tremors.     Con- 
vulsions are  sometimes  seen,  even  in  man,  when  toxic  doses  (3  grains)  are 
taken  (A.  Gordon,  1015;  Keen),     In  dogs,  the  intraspinul  (subarachnoid 
injection  of  morphin  produces  marked  convulsions  (McGuigan  and  Ro; 
1915)- 

A  iahfiic  patient  responded  by  marked  increase  of  spinal  redexes  to  a  toxic  d< 
(2  grains)  of  morphin  (Ursnato,  iqi8). 

The  convulsant  action  is  especially  strong  in  thebain,  so  that  this  is  generalb^  place 
in  the  strj'chnin  group. 

The  spinal  stimulation  would  seem  to  contraindicate  the  use  of  moa 
phin  in  convulsant  conditions  of  spinal  origin,  as  in  strychnin  poisoninj 
Practically,  however,  the  analgesic  effect  may  offset  this  disadvanlagi 
nor  does  the  theoretical  objection  hold  against  convulsions  that  arc  no 
spinal. 

Sensory  Nerves. — Opium  and  its  alkaloids  have  no  action  whatc 
on  the  sens<iry  endings,  or  on  the  peripheral  sensory  nerves,  for  the  site 
application  is  no  more  affected  than  other  regions  of  the  body  (Jolly  an 
Hilsmann,  1874).  Their  local  use  is  therefore  irrational.  Any  apparei 
success  is  largely  psychical;  although  there  may  be  some  central  analg 
since  morphin  is  readily  absorbe<l  from  wounds  and  mucous  mcmbran 
and  to  a  slight  extent  even  from  the  unbroken  skin.  With  theti 
honored  "Lead  and  Opium  Wash,"  the  precipitate  formed  by  the  lea 
with  the  gums  and  meconic  acid  fumi.shes  a  soothing  protection.  (Th 
morphin  is  not  precipitated  by  the  lead.) 

A  slight  local  analgesic  effect  was  reported  by  MaC^t,  Johnson  and  Ballin^er,  19H 
and  contirmed  by  SolLinann,  igi?  (cnderniic  method).  This,  however,  is  so  sliglit,  brii 
and  superficial  that  it  is  doubtful  whether  it  has  any  part  in  the  therapeutic  analgesia. 

Curare  Actioc^All  the  members  of  the  group,  when  applied  airectly  to  a  muscle 
preparation,  exert  a  weak  and  slow  curare  action:  If  the  motor  nerve  is  stimulated 
with  a  tetam^ing  current,  the  muscle  responds  with  a  scries  of  rapid  separate  con- 
tractions, instead  of  a  fused  tetanus.  Larger  do&cs  paralyze  the  muscli>-ner\'e  endings 
completely.  Diacetyl  morphin  acts  more  powerfully  than  morphin  or  codein;  but 
action  is  too  weak  to  be  obscr\'ed  in  intact  mammals  (Hale,  i<ioq). 

Morirflin  on  Urinary  Bladder. —  Morphin,  in  toxic  dosc$,  produces  spasm  of 
vesical  sphincter  (either  through  depressed  inhibition  or  analogous  to  pyloric  spas 
leading  to  db-ttntion  of  the  bladder  and  constant  but  incffi.'ctive  desire  for  micturiti< 
This  sometimes  occurs  in  the  therapeutic  use  fCzapek  and  Wasscrmann,  1914)- 
guinea  pigs  the  distention  may  rupture  the  bladder  (Tappeiner.  iRoq). 

The  other  phcnanthren  opium  alkaloids  also  produce  powerful  contraction  on  int 
venous  injection  in  dogs  (D.  E.  Jackson,  191O).     The  isoc|uinolin  alkaloids  fpapavc 
relax  (Macht.  101 S). 

Straub's  Mouse  Teat. — White  mice  respond  to  the  hypodermic  injection  of  naoi 
(0.07  mg,)  or  its  esters  by  a  characl eristic  S  shaped  stiff  erection  of  the  tail, 
same  effect  is  produced  by  other  convulsanis,  but  generally  only  witli  larger   d 
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iRusen,  igx6),  for  instance  by  nicotiD.  i  mg.  per  15  gm.  mouse  (Jensen  and  Runry, 

[<)t8). 

With  oil  these  drugs  the  phenomenon  appears  to  be  due  to  intense  tenesmus  of  the 

^-^—'  bladder)  sphincters,  originating  m  the  medulla  and  transmitted  through 
ncr\'cs  (Van  Lccrsum,  igi8). 
It.   1920,  attributes  the  effect  to  stimulation  of  the  smooth  muscles  by   the 
p:pfridin  radical  of  the  morphin;  for  it  is  produced  by  pipcridin,  and  not  by  phenanthrcn. 
PiptridtH  also  stimulates  other  excised  smooth  muscle. 

Ureter. — The  phenanthren  (morphin)  alkaloids  increase  the  contractions  and  tonus, 
whereas  the  isoquinolins  (papaverin)  inhibit  the  tonlraclions  and  relax  the  tone.  With 
the  combined  alkaloids  (pantopium)  the  inhibitory  action  predominates  (Macht,  1916). 
This  would  aid  the  analgesic  action  in  renal  colic.  Opium  would  be  more  effective  than 
lDor[)hin. 

SemioAl  Ducts. — These  react  like  the  ureter  (Macht,  1916). 

Uterus. — Morphin  probably  tends  to  delay  the  progress  of  labor,  by  its  psychic 
<(diti\-c  action,  largely  by  preventing  the  reinforcement  of  labor  pains  by  tne  con- 
viction of  the  abdominal  muscles  (Barbour  and  Copcnhaver,  1916).  It  has  practically 
DO  effect  on  the  normal  uterine  contractions  in  animals,  m  vi/m  (Harbour,  IQ15).  When 
tpplicd  directly  to  the  excised  uterus,  the  tone  is  somewhat  increased  (Barbour  and 
UpenhavcTj  1915);  but  this  would  have  no  clinical  bearing. 

Effects  on  the  Digestive  System. — Morphin  tends  to  prcKluce  nausea 
cfid  vomiting,  and  thus  disturbs  digestion.  The  efifecl  is  independent  of 
the  mode  of  adrainislraiion,  ihe  action  being  central.  The  severity  varies 
peaily  in  different  individuals.  In  some  cases  it  is  so  serious,  and  accom- 
panied by  so  much  depression,  as  to  preclude  the  use  of  the  drug.  It  may 
sometimes  be  lessened  by  bromid  or  by  atropin  (I.  Simon,  1907). 

Larger  doses  are  anUmetic. 

Morphin  is  one  of  the  most  efficient  drugs  for  checking  peristalsis. 
Small  doses  suffice  for  this  purpose.  The  action  is  evidently  peripheral, 
Ijui  iLs  mechanism  is  complex,  involving  several  factors,  one  or  the  other 
fll  which  may  predominate  under  certain  conditions.  The  known  factors 
^  dosure  of  the  gastric  sphincters,  delaying  the  entrance  of  food  into 

intestines;  decreased  responsiveness  to  defecation  reflex;  and  a  direct 

live  action  on  irritated  (not  on  normal)  intestine.  With  opium,  there 
«lso  the  direct  depression  of  intestinal  tone  by  the  isoquinolin  alkaloids 
l|Mpaverin.  etc.). 

Of  the  individual  opium  alkaloids,  morphin  acts  most  powerfully  on 
tht  alimentary  canal.  However,  the  minor  alkaloids,  especially  papa- 
verin. narcotin  and  codcin,  arc  also  constipating,  with  less  narcotic  action 
(Ootilieb  and  v.  d.  Eeckhoul,  igo8;  Zehbe,  1913;  Hess  and  Neukirch. 
fqi^i  Macht,  Herman  and  Levy,  191 6).  These  differences,  and  the 
'lelaycd  absorption,  may  explain  the  clinical  preference  for  opium  when 
'he  constipalive  effect  is  desired. 

a^uieant  and  Emetic  Adion. — This  is  essentially  central  (Eggleston  and  Hatcher, 
It  may  conceivably  be  aided  by  reflexes  from  the  gastric  siiasm;  for  atropin 
diminish  the  emetic  tendency.     There  is  no  evidence  of  local  gastric  irrita- 
gh  the  alkaloid  is  rapidly  excreted  into  the  stomach.    Vomiting  occurs  more 
with  hypodermic  than  with  intravenous  injection;  probably  because  the  latter 
'VJOUMa  the  vomiting  center  too  rapidly. 

the  emcsis  is  produced  by  absolutely  pure  samples,  and  is  therefore  not  due  to 
conUinination  with  apomorpbin  (even  prolonged  boiling  does  not  convert  morphin 
mfo ATkomornhin ;  Feinberg.  1913). 

fMotiff.  kmetir.  Aclion  of  Opium  Alkaloids. — Morphin  is  more  nauscant  and  emetic 
titta  the  other  isolated  alkaloids  (Macht,  iqi6).  Opinions  differ  as  to  the  position  of 
thccombtned  alkaloids.  Eggleston  and  Hatcher,  1915,  believe  that  the  emetic  effect 
e^{Bnl«pon  and  narcophin  is  more  powerful  than  would  correspond  to  their  morphin 
flOOtieot.  \s  narcotin  alone  is  not  emetic,  it  would  be  conceived  as  sensitizing  the  center 
to  morphin.    Macht,  Herman  and  Levy,  1916,  incHne  to  the  opposite  conclusion. 
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Saiinary  Secretion. — The  nausea.  at»  usual,  ia  accompanied  by  salivation.     la 

absence  of  nausea,  the  mouth  is  dry  and  the  patient  tnirsty,  from  depression  of 
salivary  center  (V.  E.  Henderson,  iqio). 

The  appetite  is  diminished,  through  the  lesser  perception  of  hunger,  and  through 
gastric  derangement. 

Gastric  Secretion. — Morphin  starts  the  gastric  secretion  in  the  empty  stom 
(therefore  contmindicated  in  gastric  ulcer),  but  is  said  to  diminish  the  secretion  w 
the  stomach  contains  food  (Chiari,  1915).  It  also  increases  the  pancrea.tic  sei'ret 
Opium  increases  gastric  secretion,  but  causes  a  lasting  decrease  of  pancreatic 
(bickcl  and  Pincussohn,  1907;  O.  Cohnheim  and  Modrakowski,  iqii).  In  chn 
morphinism,  gastric  secretion  is  said  to  be  abolished  (Hitzig). 

Aniemetic  Action. — Dogs,  after  ;i  primary  emesb.  do  not  respond  to  irritant  cmc 
or  apomornhin.     This  has  been  attributed  to  paralysis  of  the  vomiting  center;  buff 
could  also  be  explained  by  the  firm  contraction  of  the  cardial  sphincter  CMagnus,  ipofi! 
for  morphin,  codein,  or  heroin  arc  aritemetic  in  doses  which  arc  not  narcotic,  whiJj 
chloral  or  urethane.  to  prevent  vomiting,  must  be  exhibited  to  full  narcotic  ac| 
(v.  Issckutz,  igi2;  Kuth,  igi.i).     Papavcrin  is  not  antemetic  fRuth). 

Constipative  Action  in  Milk  Diarrhea. — Xew  light  was  ihruvvu  00  morphin  cons 
lion  by  R.  Magnus,  1906  and  tqoS,  who  tested  its  ctTcct  on  experimental  diarrhea 
very  suitable  i^uasl-physiological  form  of  diarrhea  con  lie  maintained  in  cats  by 
exclusive  milk  diel.  This  diarrhea  is  ver>'  effectively  stopped  by  morphin. 
remedial  action  is  equally  pronounced  when  the  intestinal  ncnMrs  have  been  dividet 
that  the  action  is  certainly  peripheral.  On  the  excised  intestine,  however,  morphin 
creases  peristalsis  (except  with  enormous  doses),  indicating  that  its  constipating  eff 
is  not  clue  to  piTiphc^l  intestinal  depression.  (The  excised  intestine  has  ateot 
studied  by  Popper,  IQ13.) 

Gastric  Tonus. — To  solve  the  riddle,  Magnus  investigated  the  passage  of  the 
mcntary  contents  by  the  Bismuth  j:-ray  method  of  Cannon.  He  now  ol>scr\-ed  I 
morphin  acts  exclusively  on  the  stomach,  producing  prolonged  contracture  of  the  sphi 
ter  antri  pylori,  as  also  of  the  pyloric  and  cardiac  sphincters.  As  a  result,  the  food 
mains  for  hours  in  the  fundus,  the  complete  evacuation  occupying  twenty-five  hoi 
instead  of  the  normal  three  hours.  The  intestines  thereby  are  granted  a  very  I 
amount  of  physiological  rest,  the  food  entering  very  slowly  and  gradually,  being  t 
prefectly  macerated  and  digested,  and  presumably  relatively  aseptic.  This  fu mid 
the  whole  explanation  of  the  constipating  action  in  railk-diarrhea;  for  the  same  mel 
shows  that  tne  movements  of  the  small  intestine  are  scarcely  affected  by  the  moryj 
whilst  those  of  the  large  intestine,  as  also  the  defecation  of  cncmata,  are  quite  unaflcd 
by  the  drug.  (Schwcnler,  1012,  using  a  similar  metliod,  descrif>es  relaxation  of 
large,  and  probably  also  of  the  small,  intestines.)  Nor  has  morphin  any  constipal 
action  in  experimental  diarrhea  from  certain  irritant  cathartics,  viz.,  senna,  castor 
or  magnesia, 

Entirely  analogous  phenomena  are  observed  in  the  dog  (Magnus;  E.  Zunz.  100 
and  in  the  human  subject.     They  are  probably  n  highly  important  factor  in  the  ih 
peutic  effect.     Magnus  himself,  however,  suggested  that  morphin  may  possibly  h 
further  indirect  actions  on  peristalsis,  by  modifying  intestinal  secretion  or  absorpl 

Colocynth  Diarrhea. — This  surmise  was  confirmed  by  the  results  of  his  pupil.  Yu 
berg,  igi  i,  in  colocynth  diarrhea.  This  drug  produces  exudation  and  increased  mcrt 
ments  throughout  the  alimentary  tract.  Both  effects  are  antagonized  by  morpl 
(and  much  more  by  opium),  even  when  the  food  is  already  in  the  intestine.  The  acti 
of  morphin  in  colocynth  diarrhea  is  therefore  different  from  its  action  in  milk,  sei 
castor  oil  or  magnesia  diarrhea,  in  which  morphin  would  not  affect  the  progress  of 
food  after  this  has  reached  the  intestine. 

Other  Opium  Alkaloids  on  C&locynth  Diarrhea. — Takahashi,  1914,  found  that  codi 
acts  similarly  to  morphin.  but  weaker.     Mixtures  of  morphin  and  codein  act  stro 
than  either  alone  (potentiation),  so  that  constipation  occurs  by  combining  one-foul 
of  the  minimal  active  dose  of  morphin  with  one-fortieth  to  one-four  hundredth  of 
minimal  active  dose  of  codein.     Kqual  parts  of  the  two  alkaloids  constitute  the  1 
ratio.     The  other  alkaloids  do  not  seem  to  contribute,  but  rather  to  interfere;  so  tl 
Pantopium,  for  instance,  is  inferior.     Codein  also  potentiates  the  gastric  spasm 
only  with  much  larger  doses  than  are  needed  in  colocynth.     When  used  alone,  the  codi 
does  not  produce  gastric  spasm. 

Observations  on  Man. — The  results  are  rather  inconstant;  but  ihose 
Zehbe,  igrf3.  with  the  Jr-ray  method  are  fairly  representative  for  nor 
subjects.    The  time  of  the  total  sojourn  of  the  food  was  nearly  douh 


3 


MORPHIN  GROUP 


269 


by  the  opiates:  more  by  opium  and  f)antopium  than  by  morphin  and  nar- 
cophin.  That  in  the  stomach  and  small  intestines  was  each  delayed  by 
about  a  third.  The  main  effect,  however,  was  on  the  colon  and  rectum. 
The  defecation-reflex  is  delayed  or  suppressed  (Stierlin  and  Schapiro,  191 2 ; 
Schapiro.  1913;  Mahlo,  1913). 

On  the  other  hand,  Pancoast  and  Hopkins,  1915,  observed  the  main 
delay  in  the  small  intestines;  but  little  in  the  colon;  the  defecation-reflex 
was  not  observed.  The  effects,  however,  are  extremely  inconstant  in 
different  indi>nduals.  Small  doses  were  more  effective  than  large. 
Hypodermic  and  oral  administration  produced  the  same  results. 

Older  Explanations. — Prior  to  the  conclusive  expcrimenls  of  Magnus,  the  coDstipat- 
iuf  action  was  explained  either  by  peripheral  depression  of  the  local  reflex  (the  cells 
oJ  Auerbach's  and  Meissner's  plexus) ;  or  central  stimulation  of  the  inhibitory  splanchnic 
fibers  {Nothnagcl,  1882).  Neither  theory  was  satisfactory.  The  apparent  rcbuUs  of 
Xothoagel  were  probably  accidental  (Magnus.  1910)  and  need  not  be  discussed. 

Other  Opium  Alkaloids  on  Peristalsis. — ^Whilst  the  phcnanthrcn  alkaloids  (morphin, 
tficbiin  and  codein)  increase  the  pendulum  movements  of  excised  intestine,  these  are 
uid  to  be  decreased  by  the  isoquinolin  alkaloids  (papaverin,  narcotin  and  narcein) 
(Popper  and  Frankl,  1912  and  1913).  Pal,  191,?,  claims  that  the  latter  also  remove 
*pMtic  contractions  of  the  stomach  and  intestines  clinically. 

Meissner,  1916,  however,  disclaims  this  groupioK-  lie  states  that  there  is  no  sharp 
'iiffrrrntiation  between  the  phcnanthren  and  isoquinolin  alkaloids;  and  that  the  various 
pbrnunthren  alkaloids  have  diverse  actions. 

With  excised  rabbit's  intestine  he  found  high  concentrations  of  morphin  and 
iNr-f.r^  inhibitory.  Smaller  doses  of  morphin  stimulate;  but  thebain  always  mhibited. 
'lie  Action. — Large  doses  produce  catharsis  in  dogs  and  some  other  animals, 
'immonly  in  man.     The  action  is  nresumnbly  due  to  local  irritation. 

Gall-bladder  and  Bile  Flow, — Large  aoses  of  morphin  increase  the  tone  of  the 
^ihiiiotcr  of  the  biliary  papilla,  and  thus  hinder  the  flow  of  bile  {Reach,  1914)-  Lieb 
wd  McWhortcr,  1915  stnte  that  the  musculature  of  the  bile-bladder  is  not  affected; 
t>ut  Macfat,  1917,  claims  that  the  gallbladder  reacts  to  the  opium  alkaloids  like  the 
iKtter,  i.(.,  that  it  is  stimulated  by  morphin  and  depressed  by  papaverin. 

Metabolism.^The  output  of  COj,  and  to  a  less  degree  of  urinan.' 
nitrogen,  are  materially  decreased,  mainly  by  the  muscular  quiet;  in  pro- 
longed experiments  also  by  the  digestive  derangement.  The  CO2  content 
ol  the  blood  rises,  through  the  defective  respiration.  The  urine  often 
contains  reducing,  substances,  partly  morphin-glycuronic  acid  (P.  Mayer, 
i&oot  partly  glucose  from  the  asphyxia.  The  flow  of  urine  is  said  to  be 
i.d  (Ginsberg,  1912).  The  body  temperature  is  lowered  through 
.^hed  heat  production. 

Uncnfd  COj  Ouipui. — That  this  is  due  to  muscular  depression  is  shown  by  the  fact 
that  ats  exhibit  an  increase  (Boeck  and  Bauer.  iS74),and  this  is  also  the  result  in  other 
uhub  with  the  more  stimulant  members  of  the  group,  as  codeiu.  In  man,  however. 
Iht  nn.t'-r'  "Misumption  is  not  altered,  whilst  the  COj  production  is  decreased.  The 
V-'  ■  explained  [Higgins  and  Means,  1915). 

"•d  to  Total  Nitrogen. — This  is  not  altered. 
Aik4it  knerve. — Large  doses  of  morphin  would  be  expected  to  produce  asphyxial 
•ri^i*     Smaller  doses  (10  mg.  per  Kg  for  dogs),  however,  appear  to  increase  the 
for    several    hours    IHjort    and   Taylor,    1919).     The  urine  becomes 
ne,  by  the  excretion  of  carbonate,  after  narcotic  doses  in  dogs;  rabbits' 
:  >how  any  change  of  reaction  (Cndcrhill  ct  al,  1917). 
rFii'a. — Large    doses    of    morphin    produce    considerable    h)*perglyccmia, 
-    iue  at  least  partly  to  the  defective  respiration.     In  dogs,  the  h>'podcrmic 
riion  of  JO  mg.  per  kg.  increases  the  blood  sugar,  on  the  average,  by  60  per  cent,  in 

and  77  percent,  in  i  W  hours  (E.  L.  Ross.  191ft). 
The  morphin  h\-perglycemra  is  much  greater  after  partial  destruction  of  the  pancreas 
(Ancr  and  Kleiner.  1917). 

Uvrpkin  Glycosuria. — A  peculiar  reducing  substance  in  human  urine*  is  described 
by  SpitU,  1908. 
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Temperature. — The  fall  (which  is  sometimes  preceded  by  a  slight  rise)  may  be  as 
great  a  2°C.  with  large  doses;  the  extent  depeading,  however,  more  upon  idios>'ncraAy 
than  upon  the  dose.  The  cooling  is  particularly  great  if  the  animal  is  kept  in  cold  sur- 
roundings. With  small  doses,  the  fall  may  be'  explained  by  increased  neat  loss  from 
cutaneous  vasodilation;  but  uitli  large  doses  it  is  due  mulnly  to  diminished  heat  produc- 
tion, and  finally  to  circulatory  collapse.  The  beat  production  may  be  reduced  by  80 
per  cent,  in  extreme  cases,  reaching  its  minimum  in  the  third  hour.  The  heat  loss  is 
diminished  (up  to  20  per  cent.),  partly  through  the  effort  of  the  heat  centers  to  compen- 
sate for  the  diminished  production,  partly  through  the  depressed  circuladon  (Rcichert, 
1901I. 

Regulation  of  Blood  Volume. — Morphin  hinders  the  transfer  of  injected  saUne  solu- 
tion from  the  blood  to  the  tissues  (liogcrt,  Underbill  and  Mendel,  iQib). 

Leucocytes. — These  are  diminished  in  acute  and  chronic  morphin  poisoning  CCIoettn, 
1Q03J.  The  injection  of  morphin  inhibits  the  migration  of  leucocytes  in  inflamed 
frog's  mesentery  (Ikeda,  1Q16). 

Morphin  also  diminishes  phagocytosis  in  vitro  TArkin,  19x3);  but  the  concentrations 
would  be  very  different  from  those  obuining  clinically. 

Protozoa. — The  papaverin  group  is  very'  toxic  to  these  organisms;  whereas  the 
morphin  group  is  relatively  ineffective  (Macht  and  Fisher,  1Q17).  Trypanaosoma 
brucci  is  killed  in  vitro  by  both  groups,  but  especially  by  the  papaverin  group.  In 
vivo  (rats)  both  groups  are  ineffective  (Macht  and  Weincr,  1018).  The  amebocidal 
action  of  emetin,  which  is  also  an  isoquinolin  derivative,  prompted  Pick  and  Wasicky, 
1915,  to  suggest  the  trial  of  papaverin  against  amebic  dysentery;  but  it  does  not  seem 
to  have  been  successful. 

Absorption,  Fate  and  Excretion. — Morphin  is  rapidly  absorbed  from 
all  mucous  surfaces,  and  from  the  abraded  skin;  but  scarcely,  if  at  all, 
from  the  intact  skin.  It  disappears  from  the  blood,  beinj^  partly  fixed  in 
the  organs,  and  largely  destroyed,  so  that  only  a  fraction  can  be  recovered 
at  autopsy.  A  part  is  excreted  unchanged,  especially  by  the  alimentary 
tract.  The  saliva  and  gastric  juice  show  its  presence  in  a  few  minutes. 
Some  of  this  excreted  morphin  is  reabsorbed — hence  the  indication  of 
emptying  the  stomach  in  morphin  poisoning,  even  after  subcutaneous 
administration.  The  intestinal  excretion  proceeds  somewhat  more  slowly. 
In  acute  poisoning  with  large  doses,  administered  hy^podermically  to  dogs, 
one  to  two-thirds  of  the  morphin  can  be  recovered  from  the  feces.  The 
urine  participates  in  the  excretion  to  a  smaller  degree.  The  destruction 
is  much  more  complete  in  habituated  animals,  thus  accounting  partly  foi 
the  increased  tolerance  for  morphin. 

Some  of  the  morphin  is  said  to  be  excreted  by  the  milk  and  to  caus< 
morphinism  in  sucklings.  It  also  passes  through  the  placental  circulation 
to  the  fetus,  sometimes  killing  the  latter  in  ulcro  (Jung,  1914).  H 

The  investigation  of  the  fate  of  morphin  is  of  great  scientific,  as  well  as  of  practica- 
toxicologic  interest.  Unfortunately  it  is  beset  with  considerable  difficulties.  The 
methods  of  isolation  are  complicated,  and  the  more  or  less  firm  combination  and  partial 
alteration  of  the  morphin  in  the  body  render  its  quantitatiw  isolation  in  pure  form 
practicallv  impassible.  Marquis,  1S96,  believed  that  it  exists  in  the  tissues  in  thrrr 
different  forms. 

Disappearance  from  the  Blood. — The  morphin  usually  ceases  to  l>e  demonstrable 
within  twenty  minutes,  although  it  is  not  destroyed  by  the  blood  (Cloctta.  1903).  It 
must  therefore  have  passed  into  the  tissues. 

ExtrciioH  by  Uu  Urine. — The  statements  in  regard  to  this  are  contradiciorjf. 
Kauzmann  found  it  qualitatively  in  less  than  two  up  to  thirty-six  hours;  negative  la 
fifty  hours.  Recent  investigators  agreed  that  it  can  be  demonstrated  only  after  larRe 
doses,  and  then  merely  in  traces.  However,  Kaufmann^Asscr,  igij,  finds  that  dogs 
and  rabbits  excreted  by  urine  3  to  2$  per  cent,  of  the  morphin  in  acute  poisoning;  and 
to  39  per  cent,  in  chronic  poisoning. 

ExcrdioH  by  Milk. — Contrary  to  the  usual  statement,  KoldcwiJQ.  1910,  found  that 
this  docs  not  occur  (in  cows  and  goats).    The  subject  requires  investigation. 

Excretion  by  Saliva. — Rosenthal,  1S93,  showed  its  presence  in  man,  after  0.05 
Gm.  per  day. 
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Gastric  Excretion. — This  was  discovered  by  Mann6,  1883.  Alt,  1880,  demonstrated 
iDorphin  in  the  stomach  (by  lavage)  in  two  and  one-fourth  minutes  otter  fa>podermic 
injection;  the  excretion  rose  for  five  minute*;,  then  remained  steady  for  twent>-fivc  to 
thirty  minutes  and  was  arrested  in  an  hour.  He  also  showed  the  benefit  of  gastric 
Uvtge  after  hypodermic  injection.  This  indicates  that  part  of  the  excreted  morphin 
U  ordinarily  reabsorbed;  Leineweber,  1883,  and  Bonders,  t8g5,  also  observed  the  gas- 
tric excretion.  This  is  increased  by  the  presence  of  h>'pertonic  solutions  (10  per  cent. 
SaOl  in  the  stomach.  Heroin  behaves  similarly  (Langer.  1012;  Kleiner,  iqu).  The 
^tro-lntestinal  excretion  of  morphin  is  greatly  diminished  by  vegetarian  diet  in  dogs 
tValenti,  IQ14). 

Excreiion  by  Irtltxtine. —  Marquis  found  morphin  in  the  large  intestine  one  hour  after 
latnvenous  injection;  in  the  small  intestine  only  after  two  hours.  The  large  intestipc 
contains  the  larger  amount.  This  indicates  that  morphin  is  excreted  by  the  mucosa 
of  the  whole  alimentary  tract.  With  oral  administration,  the  morphin  may  reach  the 
intestine  directly,  within  half  an  hour  (Kauzmannl.  The  hite  may  contain  traces  in 
iKenly-five  minutes,  but  is  generally  negative  (Kauzmann).  The  intestinal  excretion 
tsiocreascd  by  inUsiinal  irritants  (ijuillaja.  senega,  alcohol).  c\xn  when  the  morphin 
bis  been  administered  hv^XKicrmicaily  ( McCruiIden,  iqio). 

Quantity  Excrettd  in  Feces. — Faust,  iQoo,  found  that  non-habituated  dogs  excreted 
by  the  feces  66  per  cent,  of  the  morphin  which  had  been  injected  bypodcrmicatly 
(Ooetta,  [5)03,  recovered  23  to  32  per  cent ).  With  repeated  injection,  as  the  animals 
beoime  habituated,  the  feces  contained  less  and  less  morphin  (twenty-six  per  cent. 
idcr  twenty-one  to  twenty-four  days;  8  per  cent,  after  twenty-nine  to  thirty-two 
dij-s;  none  after  forty  days);  although  the  later  doses  were  up  to  50  times  as  large  as 
the  earlier  doses.  It  is  evident,  therefore,  that  the  power  of  the  organism  to  destroy 
mofphiD  is  greatly  enhanced  by  habituation. 

Prcimci:  in  the  Tissues. — These  contain  only  a  fraction  of  the  morphin^ — for  the  most 
P«rt  mere  traces.  The  largest  quantity  is  usually  found  in  the  liver  and  in  the  contents 
of  Ibe  alimentar>'  canal  (Kauzmann,  1868;  Marquis,  1896).  'I*he  bniin  of  poisoned 
inimals  is  vcr>'  poor  in  morphin,  although  in  vitro,  brain  substance  fixes  the  alkaloid 
much  Ixrtter  than  liver  pulp  (Cloctta,  1903). 

Tkf  Distrihution  of  tiu:  hforphin  in  Variitits  Organs. — This  is  described  for  cats  and 
Abbitsby  Homburgcrand  Munch,  1916;  for  rabbits  by  van  Rijn,  iqoS. 

QtutrUity  of  Morphin  Recovered  from  the  Tissues. — Cloelta,  1Q03.  succeeded  in  re- 
tovwing  about  one-third  of  the  injected  morphin  from  the  entire  bodies  of  non-babitu* 
iW  rats  and  pigeons  killed  in  five  to  twenty-four  hours  after  the  injection  of  large 
vacs  of  morphin.  The  same  quantity  was  recovered  from  animals  which  had  been 
■tbitiuted,  but  left  without  morphin  for  two  days  prior  to  the  final  injection  (to  per- 
nbthc  complete  elimination  of  retained  morphin).  This  indicates  that  the  destnic* 
tionii  not  a  rapid  process,  even  in  habituated  animals. 

DestruLtion  of  Morpttin  in  the  Body. — The  facts  described  in  the  preceding  section 

'" — ;  .  doubt  that  the  morphin  is  largely  destroyed;  but  as  to  the  place  and  manner 

■^trurtion,  the  evidence  is  incomplete.     It  indicates  that  the  morphin  may  be 

1  in  various  organs,  and  more  actively  in  habituated  animals. 

^rr,  i8qo,  could  not  demonstrate  any  destruction  on  perfusing  morphin  through 

liver  or  kidney.     Cloetta,  IQ03,  claims  the  disappearance  of  one-sixth  to  one- 

tliii(l  oi  the  morphin  digested  with  oxygenated  emulsions  of  lung,  liver,  and  especially 

^n\  no  destruction  with  filtered  extracts;  so  that  the  action  is  not  due  to  soluble 

'  -.    but    presumably   oxidative.     The   destruction   is  increased   in   habituated 

Albanese,  iqoq.  found  practically  no  destruction  by  liver  pulp,  from  either 

■  ^  .ii.vi  of  habituated  animals;  but  marked  destruction  duruig  abstinence  following 

Ittbitnation.     Other  organs  showed  similar  but  weaker  destruction.     Dorlcncourt,  10T3, 

«icua  claims  that  morphin  is  destroyed  by  liver  in  vitro,  and  that  this  is  increased  by 

nbitnation.     fThcories  of  decomposition.  Spitta,  1908.) 

fw*-  in  Chiek-rmhryos. — If  morphin  is  injected  into  fertilized  eggs,  which  are  then 
F  d.  no  destruction  of  morphin  or  its  derivatives  occurs  if  the  embryo  dies  before 

[  -  !  developed.     If  development  is  completed,  heroin  is  destroyt^l  absolutely; 

^^MTphm  very  largely,  codein  and  dionin  not  at  all.     The  destruction  therefore  takes 
HBctunly  after  a  certain  development,  perhaps  of  the  ncr\ous  5>'stem.  haslxen  reached. 
ffctalkyi  groups  protect  the  morphin  against  oxidation,  just  as  they  do  in  the  adult 
fiSpAism,  while  the  acetyl  groups  arc  evidently  easily  separated  ('(Jrueter.  ipib). 

fate  in  Frogs, — In  these,  the  destruction  is  \'ery  small,  and  no  tolerance  is  acquired. 
The  excretion  is  very  slow,  extending  over  eight  days,  and  occurs  exclusively  through 
tie  Alimentary  tract  (B.  Frenkel,  1910). 

Rrcncry  after  BuriaL — This  has  been  investigated  amongst  others,  by  Hombergei 
AOd  Munch,  1916,  and  Palct,  1919.     The  latter  obtained  positive  tests  after  7  months. 
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Fate  of  Codein. — This  behaves  quite  differently  from  morphin:  about 
So  per  cent,  is  excreted  unchanged,  mainly  in  the  urine,  but  soraewhal 
also  in  ihe  feces  (Tauber,  1892).  Repeated  administration  does  not 
increase  its  destruction^  nor  does  it  appear  to  produce  tolerance  in  animals 
(Bouma,  1903). 

Heroin. — The  greater  part  is  excreted  unchanged  in  the  urine;  some 
also  in  the  feces,  A  part  is  destroyed  and  this  destruction  is  greatly 
increased  in  habituation  (Langer,  1912). 

Odorous  Substances. — Tho  aubslanccs  which  give  the  characteristic  odor  to  opium  are 
excreted  largely  by  the  urine,  and  aJso  in  the  breath,  sweat  and  milk. 

Toxicology. — Acute  Symptoms  of  Morphin  and  Opium  Poisoning. — 
Suicidal  and  accidental  poisoning  by  morphin  or  opium  is  common,  and 
familiarity  with  its  successive  symptoms  is  therefore  important.  The 
following  description  of  the  morphin  effects  applies  equally  to  opium  (with 
ten  times  the  dose);  except  that  the  symptoms  do  not  appear  quite  (but 
almost)  as  promptly. 

Moderate  Therapeutic  Doses  (5  to  15  mg.;  ^{2  ^^  '4  gr.  of  morphin). — 
The  s>Tiiptoms  set  in  promptly  (five  to  ten  minutes  after  hyf>oderraic, 
fifteen  to  thirty  minutes  after  oral  administration).  They  begin  with 
slight  (lushing  of  face,  sensation  of  warmth  and  comfort;  lassitude,  giddi- 
ness, dreamy  state,  with  free  imagination  but  confused  intelligence;  mouth 
dry  and  thirsty. 

The  patient  becomes  sleepy;  skin  pale;  respiration  and  pulse  slowed; 
pupils    constricted.     Nausea    and    vomiting   arc    exceptional    with 
dosage. 

In  a  short  time — ^the  sooner,  the  larger  the  dose^ — a  natural  sleep 
in,  lasting  sbt  to  eight  hours  or  more;  the  patient  commonly  awakens 
refreshed. 

Intravenous  Injection. — If  the  injection  accidentally  enters  a  vein,  there 
is  tinnitus,  tachycardia,  fainting,  but  usually  rapid  recovery. 

Larger  Therapentit:  Doses  (20  to  30  mg.;  *^3  to  1^  gr.). — The  initial 
symptoms  are  the  same.  Sleep  occurs  more  promptly  and  is  more  pro- 
found. On  awakening  there  is  usually  some  confusion,  nausea,  anorexia, 
and  constipation. 

Toxic  Doses  (too  to  300  mg.;  i3'2  to  5  gr.). — The  initial  s\*mploms  are 
as  described.  The  somnolence  deepens  rapidly  into  sleep  and  coma; 
severe  symptoms  being  generally  conspicuous  in  five  to  ten  minutes  after 
hypodermic,  or  fifteen  to  forty  minutes  after  oral  administration;  rarely 
delayed  for  one  or  two  hours. 

In  the  earlier  stages  of  the  coma,  the  patient  can  be  partially  arous€<& 
to  a  confused  consciousness,  but  relapses  promptly  into  lethargy.  U 

As  the  coma  deepens  (i.e.,  almost  always  within  two  hours,  and  oft^ 
in  half  an  hour  after  taking  the  poison),  the  patient  can  not  l>e  roused,  the 
reflexes  disappear,  the  muscles  relax,  the  jaw  drops.  The  miosis  become* 
extreme  ("pin-point  pupil*');  the  skin  pale,  with  cold  sweat,  finally 
cyanotic;  fall  of  temperature;  respiration  very  slow,  irregular,  often 
Cheyne-Stokes;  pulse  slow,  feeble  and  often  irregular.  Convulsions  arc 
rare  in  adults,  more  common  in  infants;  they  are  sometimes  violent, 
rarely  if  ever  tetanic. 

The  respiration  stops  before  the  heart.     The  pupils  almost  always 
dilate  as  the  terminal  asphyxia  sets  in.     (With  heroin,  death  is  due  to 
convulsions;  Langer,  1912.) 
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^^    The  time  of  death  is  usuaUy  seven  to  twelve  hours;  but  sometimes  two 
bours  or  even  less.     Survival  over  twelve  hours  indicates  a  good  prognosis. 

^^B  Autopsy  findings  are  not  characteristic.     There  arc  only  the  common  asphyxial 
^B*'^'^^*  Cerebral  and   meningeal   congestion,  sometimes  with  :»erous  effusion;  lungs 

kypcrcmic  and  sometimes  edematous;  general  venous  congestion;  rarely  intestinal  or 

ccrrbral  ecch^vmoscs. 

Ordinary  Faiai  Dose. — With  morphin,  this  is  0.2  to  0.4  Gm.  (3  to  6  gr.); 

opium,  3  Gm.  (45  gr.).     There  is,  however,  considerable  idiosyn- 

iy,  and  60  mg.  (1  gr.)  of  morphin  must  be  regarded  as  dangerous. 

llh  250  mg.  (4  gr.)  the  prognosis  is  unfavorable,  even  under  treatment, 

Uhough  patients  have  been  saved  after  4  Gm.  (60  gr.)  of  morphin. 

Recovery. — This  may  occur  even  after  asphyxial  convulsions.     The 

ipiralion  and  pulse  improve,  the  coma  becomes  lighter,  and  passes  into 

ivery  prolonged  sleep,  often  lasting  for  one  or  two  days.     On  awakening, 

patient  is  troubled  with  headache,  constipation  and  digestive  disiurb- 

»ces,  often  vomiting,  itching,  impotence  of  the  bladder;  e.xceptionally 

icessive  depression.     Sometimes  the  recovery  is  interrupted  by  a  serious 

lapse,  perhaps  through  the  reabsorpiion  of  morphin  from  the  intestine. 

Idiosyncrasies. — Infants  are  highly  susceptible  to  morphin;  as  to  older 

Idren,  there  is  difference  of  opinion.     The  female  sex,  and  patients 

led  by  disease,  succumb  relatively  easily.     On  the  other  hand,  large 

are  well  tolerated  in  diabetes,  in  delirium  tremens  and  in  tetanus. 

In  fever,  morphin  is  sometimes  exciting;  in  neurotic  patients  it  may  cause 
insomnia  and  delirium,  instead  of  sleep.  Nausea  and  vomiting  are  very 
pronounced  in  some  individuals.  Urticaria  has  been  obser\'ed.  Itching 
of  the  skin,  especially  of  the  nose,  is  a  rather  common  symptom  in  poison- 
ing. These  idiosyncrasies  should  be  remembered  in  the  therapeutic  use 
'  the  drug. 

Death  has  been  reported  from  almost  incredibly  small  doses.    Lewin 
i«  two  fatalities  in  children  from  0.3  mg.   ('tioo  g^r-)  of  opium.     In 
lults,  0.2  Gm.  (3  gr.)  of  opium  (3^  gr.  of  morphin),  is  credited  with  a 
ith.     The  great  variation  in  the  susceptibility  of  different  animals  has 
:n  described,  man  being  by  far  the  most  susceptible. 
Bytersuscepiihiliiy  of  Infants. — Young  animals  are  said  to  be  more  sus- 
nible  than  adults,  with  the  exception  of  cats.     Doebeli,  iqii,  from  a 
ileal  and  experimental  investigation,  concludes  that  the  hypersensi- 
fcncss,  both  in  the  human  and  in  animals,  applies  only  to  the  age  before 
^     ling,   older  children    following   the  ordinary   rule.     This,   he  finds, 
Balso  the  opinion  of  most  pcdiatrists.    The  special  susceptibility  of  suck- 
is  perhaps  explained  by  the  obserx^ation  of  Hunt,  1910,  that  a  milk 
-1  Rreatly  increases  the  toxicity  of  morphin  (for  mice).     The  h>7)ersus- 
Hibility  exists  only  for  the  narcotic  action,  and  is,  therefore,  insignificant 
codeiii. 

Infurnce  of  Thyroid  and  lodids. — Hunt.  1905  and  igoy,  found  that  feeding  with 
>id  or  iodids  increases  the  susceptibility  of  mice,  rats  and  guinea  pip:*  to  morphin. 
en  and  Meltser.  1013,  find  in  rabbits  that  iodid  increases  the  morphin  depression 
o«tle«cns  the  teUnic  effect,  and  therefore  the  fatality. 

Oic^nosis  of  Morphin  or  Opium  Poisoning. — A  prompt  diagnosis  is 
important  for  proper  treatment.     The  coma  is  the  most  conspicuous 

iptom,  and  its  gradual  development  is  characteristic.  In  advanced 
ling,  it  may  be  difficult  to  distinguish  the  morphin  coma  from  other 
The  symmetrical  pin-point  pupils  are  important,  but  it  must  be 
18 
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remembered  ihat  these  dilate  as  death  approaches  (asphyxia).    The  odor 
is  characteristic  of  opium  poisoning.  ^t 

Treatment  of  Acute  Morphin  and  Opium  Poisoning. — The  first  indi-H 
cation  is  to  empty  the  stomach,  and  this  no  matter  whether  the  drug  has 
been  taken  by  the  mouth  or  hypodermically.     If  narcosis  has  already  set 
in,  emetics  may  act  too  slowly,  and  it  may  be  necessary  to  employ  a  stom- 
ach-tube.    The   best  chemic  antidote  is  potassium  permanganaU^  about^ 
0.5  Gm.  per  liter  (5  gr.  per  quart)  by  lavage;  or  orally,  o.i  Gm.  (1*2  gr-] 
in  a  tumbler  of  water.     Tannin  is  not  very  effective.     The  patient  shoul( 
be  kept  awake  as  far  as  possible  and  in  constant  movement,  since  this  con- 
tributes to  the  better  tone  of  the  medullary  center.     Reflex  slimidani 
may  be  employed,  such  as  cold  ablutions^  the  inhalation  of  ammonia 
the  form  of  smelling  salts,  hx'podermic  injections  of  ether,  etc.     CafFein* 
especially  in  the  form  of  strong,  black,  hot  cojfee,  is  the  best  physiologic 
antidote.     Atropin  may  be  valuable  if  the  dose  of  1.5  mg.  (.*4o  gr-)is  no( 
exceeded.    The  patient  should  be  kept  warm.     If  the  breathing  shows 
signs  of  failing,  artificial  respiration  should  be  supplied. 

When  the  danger  is  over,  the  constipalion  which  usually  follows  should 
be  relieved  by  cathartics  and  enemata. 

Permanganate. — De  Busscher  {1904,  1905)  louna  tlus  effective  m  rabbits,  even 
when  it  was  admmistercd  ihrec  hours  after  the  morphin;  it  was  much  less  successful 
\i'ith  dogs.  It  was  quite  ineffective  if  the  morphin  was  given  subcutaneouslv.  Nothing 
could  be  expected  from  the  hypodermic  injection  of  permanganate,  since  this  would  be 
destroyed  before  entering  the  circulation. 

Aire  pin. — This  has  been  used  cstensively  and  somewhat  mdiscriminatcly  in  the 
treatment  of  morphin  poisoning.     It  may  l>c  a  dangerous  remedy.     The  most  conspicu- 
ous antagonistic  actions  of  these  two  poisons  are  on  the  pupil,  heart-rate,  psychic 
processes,  secretions,  eic. — i.e.,  upon  functions  which  are  of  subordinate  importance  in 
dangerous  cases  of  poisoning.     Any  useful  antagonism  must  be  sought  in  their  actions 
on  the  circulation,  respiration,  and  metabolism.     The  effects  of  morphin  and  atropin 
on  these  functions  are  antagonistic  only  with  certain  stages;  whilst  more  severe  grades 
are  actually  synergistic.     The  later  paralytic  effects  of  atropin  coincide  with  those 
of  morphin;  whilst  in  the  last  stages  of  morphin  poisoning  the  centers  are  too  greatly 
depressed  to  respond  to  the  slow  and  weak  stimulation  of  atropin.     The  uscfulneu 
of  this  antidote  exists  therefore  only  if  mod€ratr  doses  of  atropin  are  given  in  rnodera 
morphin  poisoning  (or  vice  versa).    This  conclusion  Is  supported  by  several  series 
experiments  on  animals.     .\s  a  practical  deduction,  the  atropin  should  be  given  by 
dermically  in  the  dose  of  1.5  mg.  (^^o  gr.)  and  this  should  nvt  be  repeatecT    It  is 
to  state,  however,  that  this  is  not  the  universal  opinion.     For  instance,  Roch.  igoy, 
advises  2  mg.,  frequently  repeated,  until  the  pupils  begin  to  dilate. 

Cocain.—\  general  antagonism  exists  also  between  morphin  and  small  doses  of  cocain 
especially  as  regards  the  effects  on  temperature  and  metabolism.  Larger  doses  are 
synergistic,  and  as  the  susceptibility  to  cocain  is  variable,  the  hypodermic  dose  of  o.ox 
Gm.  ('ti  gr.")  should  not  be  exceeded. 

Acute  Heroin  Poisooing. — Animals  are  killed  by  the  convulsions:  if  these  are  pre- 
vented by  etherization,  almost  double  the  fatal  dose  may  be  survived  (Langer,  191a).     J 

The  literature  of  fatal  heroin  poisoning  is  reviewed  by  McNally,  191 7.  I 

Chronic  Opiumism. — Etiology. — Opium,  morphin  and  heroin  addic- 
tions are  unfortunately  very  prevalent  and  together  with  the  cocaia 
habit  (and  to  a  much  less  extent  of  "hashish")  they  constitute  one  ol" 
the  terrible  scourges  of  modern  times.  All  these  drugs  produce  at  first  a 
feeling  of  well-being,  relief  and  contentment,  of  stimulation  and  freedom 
of  imagination,  and  of  ease  and  facilitation  of  mental  effort.  These 
agreeable  actions  vary  in  degree  in  different  individuals,  and  therefore  all 
do  not  fall  their  victims  with  equal  readiness;  women  and  neurotic 
dissipated  individuals  are  especially  in  danger,  if  they  become  acquaints 
with  the  effects  of  these  drugs. 
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The  majority  of  the  heroin  and  cocain  addicts  begin  the  u&e  through 
curiosity  or  dissipation  (Drysdale,  1915;  Mclver  and  Price,  191O;  Hub- 
bard, 1920);  but  "patent  medicines'*  (cough,  consumption,  diarrhea,  and 
catarrh  "cures,**  etc.)  are  responsible  for  many  cases.  Over  a  fourth  of 
iHe  manufacturers  of  proprietary  remedips  report  that  they  use  habit- 
forming  drugs  in  their  nostrums  (A.M. A.  Report,  1920,  J. A.M. A.,  voi. 
74,  page  1524). 

PhysiciarLs  must  also  be  on  their  guard  in  prescribing  these  drugs,  even 
in  acute  conditions.  Mclver  and  Price  found  that  most  cases  of  mor- 
phinism arise  from  the  medicinal  use. 

The  continued  use  of  opiates  will  lead  to  the  habit,  or  disease,  in 
practically  every  one.  and  is  therefore  excusable  only  in  exceptional 
conditions,  such  as  hopeless,  paini'ul  diseases  (cancer,  etc.).  The  very 
busccplible  acquire  the  addiction  in  10  days  of  continuous  use;  and  there  is 
Utile  chance  of  escape  if  the  drugs  are  used  daily  for  5  to  5  weeks  (Hubbard, 
IQ20). 

UiiiorUaJ. — While  the  tberapeuUc  use  of  opium  dates  back  of  Hippocrates,  its 
hibitual  use  seems  10  be  of  more  recent  origin.  The  first  authentic  records  fall  in  the 
beginning  of  the  sixteenth  century.  It  would  seem  that  its  use  is  much  older  in  India 
tlun  in  Turkey,  and  that  the  Mohammedans  learned  it  through  the  conquest  of  the 
lutmer  country.  Their  acquaintance  with  cannabis  indica  i.«i  of  much  earlier  date. 
Tbc  existence  of  the  opium  habit  was  at  first  confined  to  the  Orient;  its  introduction 
inU)  Europe  and  .America  is  of  modem  date — it  began  in  the  United  States  about 

Pttvotmcc  of  Opium  and  Cocain  Addiditm, — It  is  impossible  to  secure  reliable  stalls- 
lies,  but  some  idea  may  he  gaine<I  from  the  fact  that  of  al>out  600,000  ^wunds  of  opium, 
or  iu  equivalent  in  niorphin,  and  of  coca  leaves  corresponding  to  perhaps  1 50,000  ounces 
of  cocain,  which  arc  imported  annually  into  the  United  States,  at  least  nine-tenths  are 
«*d  by  habitu<^s.  The  per  capita  consumption  of  opiates  is  12  times  as  great  as  in 
Friace  (the  next  highest  country);  and  72  times  as  great  as  in  Austria.  The  drug 
Ml<licts  in  the  United  States  have  been  variously  estimated  between  300,000  and 
4.000,000  (A.M  .A.  Report).  The  alarming  increase  of  the  habit  may  be  judged 
^  ihk,  that  while  the  population  in  the  past  fifty  years  has  increased  133  per  cent., 
tK  importation  of  opium  has  increased  350  per  cent.  (H.  Wright,  [gio);and  in  addition, 
Ibc  cocain  and  heroin  habits  took  their  rise  only  within  this  period. 

Opium  Habit  in  Children. — This  is  unfortunately  not  at  all  rare.  It  U  usually 
■l^rtttl  by  the  indiscriminate  employment  of  paregoric  and  other  soothing  sntuds. 
They  present  the  t>7>ical  symptoms.  Withdrawal  of  the  medicine  is  followed  oy 
(BtWKoefs,  wakefulness,  and  ever)'  indication  of  suffering  and  distress.  The  treat- 
ment would  be  mainly  hygienic. 

Forms  of  Opium  Habit, — The  drugs  are  introduced  by  all  possible 
diannels:  by  the  mouth,  hypodermically,  by  smoking,  by  suppositories; 
md  heroin,  like  cocain,  by  snuffing.    The  effects  are  similar  in  all  cases. 

Smoking. — This  is  mainly  practiced  in  the  Orient;  but  the  International  Opium  Com- 
ttnoo  esumatcs  that  there  are  in  the  United  States  probably  over  100,000  opium 
^mktrs.  outside  of  the  Chinese. 

Soaking  opium  (chandoc)  is  prepared  by  the  Chinese,  by  a  complicated  process  of 
"Sttting,  and  repeated  extraction  and  evaporation.  Its  morphin  content  is  about  the 
^^^  ts  that  of  ordinary  opium.  It  has  been  claimed  that  the  opium  smoke  does  not 
OMCjia  morphin  {e.g.,  Moissan,  1893;  Hartwich  and  Simon,  1903];  but  Polt,  1912,  has 
pfovvd  that  morphin  is  indeed  the  active  constituent.  It  has  been  said  that  (Jricntals 
wl(x  injured  by  opium;  but  thiis  is  mainly  because,  in  smoking,  smaller  quantities  are 
•MWmicd,  with  longer  intermissions.  The  hypodermic  method  is  now  becoming  the 
o>Orc  popular,  and  with  it,  the  Chinese  present  the  same  phenomena  as  Europeans 
v-V  S.  Rochester,  2909).  The  Chinese  government  has  been  making  serious  and 
nctatful  efforts  to  suppress  the  opium  evil. 

fferoin  Habit.— This  has  become  very  common,  especially  in  the  form 
of  "lauffing"  (J.  Phillips,  1912;  bibliography,  Farr,  1915).    In  fact,  the 
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majority  of  drug  addicts  are  said  to  prefer  heroin  as  being  most  convenient 
and  least  liable  to  detection  (Blocdorn,  1910)-  Heroin  exhibits  all  the 
phenomena  of  the  morphin  habit,  and  its  cure  presents  similar  difficulties 
and  dangers  (Manguat  and  Blondel,  1903;  Sollier,  1905;  Faunlleroy, 
1907;  Duhem.  1907;  Mclver  and  Price,  1916),  FataJilics  from  over- 
dosage are  also  more  common.  The  quantities  consumed  daily  average 
0.6  Gm.  (McIvcr  and  Price),  and  may  reach  i  Gm.  (Wholey,  1912)  or  even 
2.8  Gm.  (Comar  and  Buvat,  1904);  so  that  considerable  tolerance  is 
acquired.     Snuffing  causes  rhinitis.  fl 

Codeirt  Habit. — Codein  is  not  nearly  so  apt  to  induce  a  tiabit,  although™ 
this  has  been  reported  (Pelz,  1905;  Petteys).     Little  is  known  about  habit 
from  the  other  morphin  derivatives. 


1 


Drug-reaction  of  Fish. — Goldfish  (not  minnows),  when  placed  in  a  "graduated  tank,** 
rapidly  develop  preference  for  water  cont;iiiiinR  alcohol,  cocain,  morphin  and  certain, 
oiiKT  substances  (Shefford,  igiS).  However,  this  is  probably  a  sensory  skin  phenome- 
non, and  is  not  analogous  to  the  psychic  craving  of  human  drug  habits. 


Effects  of  opiate  Addiction. — The  immediate  effects  of  morphin  are 
essentially  the  same  as  in  unhabituatcd  individuals;  but  the  response 
varies  quantitatively,  and  somewhat  qualitatively,  because  of  acquired 
tolerance,  and  of  the  imminence  of  *' abstinence-symptoms."  These 
differ  materially  as  regards  the  occasional  opiate  debauchee,  and  the 
steady  addict. 

IntermitUnt  and  Continuous  Addicts. — The  occasional  user,  for  instance 
the  opium-smoker,  usually  pushes  the  dosage  to  the  toxic  point,  and  thus 
obtains  the  dreams  and  the  deei>  sleep.     The  steady  consumer  does  not 
carry  the  dosage  to  that  stage;  partly  because  he  has  acquired  tolerance; 
partly  because  of  the  side-eftects;  an<l  partly  because  it  would  be  Lmpos-     . 
sible  for  him  to  work  while  under  the  toxic  influence.     Most  patient^fl 
whose  addiction  started  with  the  therapeutic  use  of  opiates  have  ncvW™ 
experienced  the  seductive  toxic  effects,  but  only  the  analgesia  and  eupho- 
ria; their  first  recognition  of  the  addiction  dates  often  from  the  withdrawal^ 
symptoms.  H 

Euphoria. — Confirmed  addicts  generally  use  opiates  rather  as  stimu- 
lants, or  as  the  only  apparent  means  of  escape  from  the  intense  discomfort, 
nervousness,  depression,  and  violent  craving  that  follow  the  withholding 
of  the  accustomed  dosage.  These  are  quite  analogous  to  intense  hunger 
or  thirst,  and  increase  in  intensity  for  several  days,  to  a  degree  that  is 
beyond  the  unassisted  strength  of  most  patients;  especially  when  they  i 
dispose  over  the  means  of  relief,  /.^.,  further  dosage  of  the  opiates  (E.  I«^| 
Bishop,  1913,  1920).  ^B 

Acquired  Tolerance. — The  continued  use  of  morphin  or  heroin  lead* 
to  the  gradual  development  of  very  considerable  tolerance  to  the  narcotic 
and  toxic  effects.  This  starts  before  addiction  becomes  confirmctJ- 
Addicls  who  aim  to  produce  narcotic  dreams  are  therefore  driven  to  the 
use  of  ever-increasing  doses,  sometimes  10  or  20  times  as  much  as  woulfl 
be  fatal  to  an  unaccustomed  individual.  The  tolerance,  however,  is 
never  absolute,  and  death  by  accidental  or  intentional  overdosage  is  ihc^ 
most  frequent  *'excitus  letalis"  of  morphinists. 

On  the  other  hand,  patients  who  take  their  morphin  only  as  stimulant 
are  not  so  likely  to  increase  their  dosage  beyond  a  definite,  more  moderate 
amount,  soon  ascertained  by  ex|>erience;  and  find  it  po.ssible  to  resist 
or  discontinue  temporary  increases  beyond  this  point  (Bishop)  j  prccisel>r 
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16ome  smokers  keep  themselves  on  a  fairly  definite  allowance  whereas 

lers  are  constantly  increasing  theirs. 
The  high  tolerance  diminishes  if  the  drug  is  discontinued,  but  is  readily 

-acquired;    and    some    degree    of    toleration    persists    long    after    the 
:ontinuance. 

The  tolerance  is  explained  partly  by  a  very  considerable  increase  in  the 
^er  of  the  organism  to  destroy  morphin;  but  since  the  destruction  pro- 
Is  more  slowly  than  the  absorption,  there  must  also  be  an  acquired 

ilerance  to  the  action  of  morphin.    No  "antitoxin"  is  formed. 

The  daily  consumption  of  morphin:     This  is  generally  about  1  Cm.  (McTver  and 
J*ricc,  iQt6);  but  as  much  as  5.5  Gm.  (85  gr.,  or  one  and  two-thirds  of  the  ordinary 
Ultt)  has  been  reported.     I-^ven  larger  doses  are  claimed  by  patients;  but  their  state- 
tts  kTt  often  unreliable,  since  they  arc  made  in  the  hope  that  the  drug  will  be 
Itbdraw-n  more  gradually. 
Bishop,  1913,  states  that  the  tolerance  persists  unimpaired  after  seven  months  of 
inencc.     In  animals,  at  least,  it  disappears  in  a  few  days. 

TolerarKe  in  Animais. — This  can  be  mduced  in  dogs  (Faust),  rabbits,  go^ts,  ratS| 
pigeons  (Cloctta,  IQO,0-     Frogs  seem  to  become  more  susceptible. 
Ike  Explanation  of  Acquired  Tolerance  to  Morphin. — This  has  been  the  subject  of 
loy  investigations  and  theories.     MarmA,  188^,  aimed  to  show  that  morphin  is  trans- 
leH  in  the  body  into  oxydimorphin,  to  which  he  attributed  actions  precisely  the  ro- 
of morphin.     It  would  thus  explain  both  the  tolerance,  and  the  abstinence  symp- 
toms.   This  theory  has  only  historical  interest,  since  Donath.  1886,  and  Marquis,  1896, 
hive  shown  that  orydimorphin  is  not  formed;  and,  moreover,  the  properties  of  this  sub- 
•Unccdo  not  agree  with  the  assumption  of  Marmd. 

Another  theory  which  may  be  dismisstd  is  the  formation  of  an  antitoxin.  Hirsch- 
M,  inioi,  claimed  that  the  scrum  of  habituated  animals  is  protective;  but  his  experi- 
DKntsare  discredited  by  the  negative  results  of  Morgenroth.  1903,  of  Cloctta,  19031 
«<lol  PclUiii  and  Greenfield,  1920. 

The  increased  destnjction  of  morphin  (Faust)  and  of  heroin  (T-anger)  in  habituated 
uuniAts  must  be  a  factor  in  the  protection,  but  can  not  explain  it  completely.  The 
fjpfriments  of  Cloetta  and  of  Ruebsamen,  igo8,  indicate  that  this  destruction  is  a  rela- 
ti^fly  slow  process,  so  that  the  tissues  must  in  the  meantime  be  exposed  to  a  large 
'mount  of  morphin. 

v»Q  Egmond,  1911,  found  that  habituation  to  the  toxic  effect  docs  not  diminish 
ll»t  nisceptihilily  to  the  central  vagus  stimulation.  In  dogs,  the  rcspiralorj*  center 
tncDines  habituated  to  1800  times  the  initial  minimum  effective  dose;  the  pupil  (dilator) 
nutjoo  also  becomes  habituated.  The  order  in  which  centers  become  irresponsive  in 
habituation  are:  pupil;  cmesis;  defecation;  narcosis;  respiratory  center.  The 
>htnclers  habituate  slowly  and  imperfectly;  the  vagus  center  not  at  all.  These 
in  centers  show  that  habituation  is  not  a  matter  of  destruction.  Rabbits  do 
become  habitated  to  morphin  (as  judged  by  narcosis  and  respiratory  center  (Van 

,.      19x5). 

Un^f,  IQ12.  also  states  that  the  acquired  tolerance  of  dogs  to  the  narcotic  action 

heroin  does  not  e.xtcnd  to  its  convulsive  effects.     This  persistence  of  some  of  the 

tves  that  the  disappearance  of  othere  can  not  be  due  to  destruction  of  the 

feld,  IQK5,  found  no  difference  in  the  lipoid  content  of  the  brains  of  normal  and 
aniinais. 

'^  '  ■   r.ct. — Dogs  habituated  to  morphin  also  show  marked  tolerance  toward 

as  regards  the  respiratory  effects;  slight  as  to  equilibrium;  none  as  to 

Wliji  ,-  .  .pt«...,3.     They  have  not  acquired  toleration  toward  cannabis  or  chloral 

R  Myers,  1915). 
JjbedcJd.   rgi6,  connrms  the  absence  of  tolerance  to  scopolamin  and  cocain  and 
iX.  there  is  none  even  against  heroin, 
[tile  otiier  hand,  Blair,  1919,  believes  that  heroin  addicts  readily  acquire  tolerance 
^**poUinin;  and  that  it  apparently  acts  somewhat  as  a  substitute. 

Mmid  Phenomena. — The  life  of  the  addict  is  dominated  oy  the  absli- 
ntace symptoms  that  start  when  the  effect  of  the  dosage  begins  to  wear  off; 
gv  the  consequent  need  of  obtaining  the  drug  at  any  cost;  and  often  by 
fear  of  detection.     If  the  supply  is  regular,  the  addicts  may  appear 
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quite  normal;  so  much  so  that  the  addiction  may  be  kept  secret  for  man 
years,  and  the  addict  may  occupy  responsible  positions.  Close  obs< 
vation,  however,  would  generally  reveal  signs  of  the  addiction;  especial 
variability  of  moods,  depressed  or  stimulated,  according  to  the  intervi 
since  the  last  dose. 

Opiate  debauches  doubtless  accentuate  the  weaknesses  of  mo 
character  from  which  they  originate.  They  tend  to  make  their  victi: 
slothful,  apathetic  and  unreliable;  though  they  do  not  lead  to  the  moi 
active  crimes,  as  cocain  may;  except  in  so  far  as  crime  may  be  necessai 
for  obtaining  the  drug. 

The  addicts  of  inherently  good  character,  and  who  lake  the  dril 
solely  to  ward  off  the  intolerable  depression,  are  not  so  seriously  affectei 
Their  will-power  and  self-reliance  is  weakened,  as  by  any  other  enslavi 
self-indulgence,  and  the  agony  of  drug-deprivation  drives  them 
deception  and  more  serious  crimes  when  their  supply  is  threatened;  b^ 
outside  of  this,  their  character  and  mental  faculties  are  said  to  remai 
practically  normal.  A  large  part  of  the  traditional  depravity  of  til 
addicts  exists  in  the  minds  of  the  public,  rather  than  in  life.  This  paria) 
attitude  makes  it  more  difficult  for  the  addicts  to  lead  a  normal  life,  an 
thus  tends  to  drive  them  into  the  very  vices  of  which  they  are  accuse 
(Bishop). 

Physicians  should  look  upon  drug  addicts  as  patients  with  a  nervot 
disease.  Like  other  nervous  patients,  they  must  be  treated  with  firmnci 
but  also  with  sympathy  and  kindness. 

Physical  Phenomena  of  Opiate  Addiction. — These  relate  at  first  to  t 
digestive  tract:  obstinate  constipation,  alternating  later  with  equal 
obstinate  diarrhea;  loss  of  appetite  alternating  with  voracious  hunger  aa 
thirst,  and  polyuria.  The  patient  loses  weight  rapidly  and  suffers  fro] 
marasmus  and  cachexia.* 

The  skin  becomes  hard,  pale,  dry  and  rough;  sometimes  of  a  pccul: 
waxy  appearance.  The  nails,  teeth  and  hair  are  also  diseased.  Tl 
condition  of  the  integument  is  rendered  worse  by  the  local  effects  of  tl 
injections  when  the  drug  is  used  hypodermically.  The  whole  skin  may 
mottled  with  scars  and  marks  of  recent  or  older  injections,  and  abscessi 
are  often  produced  through  want  of  cleanliness. 

The  pupils  are  usually  contracted.  The  pupillary  and  accommodatia 
movements  arc  affected.  Th"  heart  may  become  irregular.  Albuminuru 
glycosuria  and  amenorrhea  are  frequent.  The  sexual  functions  are  lessen 
(functional  impotence,  sterility),  but  usually  return  on  withdraw 
(Wholey,  191 2).  Peters  resembling  simplex,  intermittent,  and  typhoi 
are  seen.  The  mot^r-nervous  system  shows  considerable  change:  nervoi 
tremors,  increased  reflex  irritability,  etc.  These  conditions  sooner 
later  weaken  the  resisting  powers  of  the  patient,  so  that  he  falls  an 
prey  to  some  other  ailment,  and  thus  rarely  reaches  old  age.  Howev 
the  habit  may  persist  for  over  thirty  years  (Mclver  and  Price), 

Withdrawal  Symptoms. — The  withdrawal  of  morphin  from  th< 
accustomed  to  its  use  leads  to  a  train  of  very  severe  effects,  the  severi 
being  proportional  to  the  duration  of  the  addiction,  the  dosage  that  hi 
been  used,  the  rapidity  with  which  the  drug  is  withdrawn,  and  the  gene 
resistance,  vigor  and  will-power  of  the  patient. 

t  Tbete  are  two  ill-drfined  t«rtn».  The  former,  marasmus.  stKntfyintt  «  contimied  to«r  condttia 
the  nutrition  Mnd  a  wasting  of  thr  fleib  wiihoat  ap|>«rent  organic  caufte.  Cachexia  aJan  in<1ic«ti 
wastinji  of  the  body,  with  some  itrikintt  cbanije  in  the  features,  which  an  usually  pinched 
yellow. 
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In  the  early  stages  of  addiction,  withdrawal  results  in  more  or  less 

tlcssncss,    weakness    and    depression.     These    are    endurable,    and 

ppear  in  a  few  days,  if  the  drug  is  withheld. 

Uneasiness,  restlessness,  tlepression  and  weakness  are  also  the  earliest 
ihdrawal  symptoms  in  confirmed  addicts.  They  become  more  and 
ore  intense,  leading  to  almost  uncontrollable  craving  for  the  drug,  which 

y  j>ass  into  real  mania. 

Other  early  symptoms  are  spasmodic  yawning  and  sneezing;  coryza  and 

hrjonation;  and  hoarseness.  The  pupils  dilate  again.  Most  conspicu- 
are  muscular  twitchings  and  violent  pains  or  ''cramps,^'  sometimes 
in  the  abdomen,  more  commonly  in  the  legs;  also,  headache  and  other 
neuralgias.  The  extremities  arc  cold,  the  head  congested.  Insomnia  \ssl 
ver\'  constant  symptom;  the  patients  are  very  irritable  and  excitable. 
This  condition  may  culminate  in  delirium  or  acute  mania,  of  tensuicidal. 
Women  often  have  hysteric  attacks.  The  digestion  is  profoundly  dis- 
iirbed,  presenting  the  symptoms  of  a  violent  functional  gastroenteritis. 

e  most  dangerous  phenomenon  is  sudden  collapse,  ushered  in  by  irregu- 

and  weak  pulse,  alternating  between  extremes  of  rapidity  and  slowness. 
Id  sweat,  and  general  prostration;  and  sometimes  ending  fatally  by 
heart-failure.  This  collapse,  if  severe,  demands  the  prompt  injection  of  a 
moderate  dose  of  morphin,  which  generally  causes  the  symptoms  to 
disappear. 

the  withdrawal  symptoms  are  practically  absent  if  the  patient  is 
tendered  delirious  by  scopolamin  (Wagner  and  Riewel,  1905).  This 
suggests  that  they  are  mainly  of  psychic  origin. 


Furtlier 


^K^^TaUey,    IQ17.  attributes  the  abstinence  symptoms  largely  to  acidosis. 

^^idence  woiUd  be  needed. 

^B    Absiinence  Symptoms  in  Animals. — According  to  Valento,   19x4,  these  show  cir- 

Hpdatory  distUTt>anccs,  arrhythmia,  tachycardia,  low  blood  pressure,  etc.;  and  he  states 

^^Ufct  these  effects  are  produce*!  acutely  when  abstinence  blood  is  injected  into  normal 

,       utoab.     He  finds,  further,  that  the  blood  retains  this  property  long  after  the  morphin 

^^•s  been  stopped,  which  speaks  rather  against  an  analogy  with  the  human   aosti- 

^Bncc  s\'mptoms. 

^B  kill  that  have  been  habituated  to  large  doses  of  morphin  and  its  esters  do  not  show 

^^■Qr  conspicuous  withdran-al  s>'mptoms  (SoUroann^  tpsi). 

^B  Treatment  of  Opium  and  Other  Drug  Habits.^ — The  prime  indication, 
Hpin  all  diseases,  is  the  removal  of  the  cause,  the  withdrawal  of  the  drug. 
'  This  must  be  done  under  medical  supervision,  best  in  special  institutions, 
Jot  the  patients  have  neither  the  will  power,  nor  the  physical  resistance  to 
it  through  unaided;  attempts  at  self-treatment  are  generally  unsuc- 
and  always  dangerous.  In  fact,  the  closest  surveillance  of  the 
at  is  indispensable,  both  to  prevent  clandestine  continuance  of  the 
and  to  control  the  withdrawal  s^-mptoms.  The  main  object,  there- 
e,  is  to  withdraw  the  drug  without  danger  or  too  great  agony  to  the 
tieni.  When  the  drug  has  been  completely  stopped,  even  for  a  few 
5,  the  intense  craving  for  it  disappears,  and  the  patient  may 
considered  cured,  although  still  in  need  of  tonic  treatment. 
Unfortunately,  the  cure  is  often  not  permanent.  The  experience  of 
*V  morphin  euphoria  remains,  and  the  patients  are  likely  to  succumb 
,  sooner  or  later;  to  resort  to  it  for  the  relief  of  any  stress  or  ailment; 
the  addiction  develops  very  rapidly  if  the  drug  is  resumed.  It  is  therc- 
also  necessary  to  be  especially  cautious  in  the  therapeutic  use  of 
("pialcs  on  ex-addicts.     Those  who  were  treated  against  their  full  consent 
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naturally  relapse  on  the  first  favorable  occasion.    These  remarks  appl 
equally  to  cocain  and  other  serious  drug  habits;  and  the  treatment 
these  is  identical. 

Methods  of  Withdrawal.^ — Attempts  at  ^*  insensible  withdrawal ,^^  h{ 
verj'  gradual  diminution  of  the  dose,  amounts  to  useless  and  protract 
agony,  the  sensations  of  the  patient  gauge  the  dose  with  surprisiq 
accuracy,  and  their  patience  reaches  its  end  lon^  liefore  the  drug. 

Ambulatory  treatment  is  also  so  often  inefficient,  and  is  so  liable  t 
fraud,  that  it  is  rarely  justifiable  (S.  D.  Hubbard,  igjo).  Advet 
lised  Morphin-cures  are  generally  thinly  disguised  solutions  of  morphia 
and  are  used  by  addicts  as  a  convenient  source  of  supply  of  the  dru; 

Rapid  and  abrupt  withdrawal^  preferably  under  hospitalization,  at 
by  far  the  most  effective  methods.  Either  is  successful  under  prope 
conditions.  The  preference  depends  mainly  on  the  special  experience  c 
the  physician.  The  abrupt  method  is  simpler,  but  is  likely  to  place 
greater  tax  on  the  patient. 

Preparation  of  Patient. — E.  S.  Bishop,  1920,  points  out  that  the  suffei 
ing  of  the  patient  is  much  smaller,  and  the  chances  of  permanent  succi 
are  much  greater,  if  the  withdrawal  is  attempted  only  when  the  patient 
in  the  best  physical  and  mental  condition,  because  his  need  for  the  dru 
is  then  less  imperative,  and  because  he  can  withstand  the  discomfort  moi 
bravely.  This  may  require  a  preliminary  period  of  training,  to  obtain  lb 
best  possible  health,  and  to  establish  the  patient's  confidence.  UnU 
this  is  done,  suffering  and  incompetence  may,  in  advanced  cases,  pers: 
for  weeks  and  months. 

Rapid  withdrawal-  is  generally  preferable  if  the  patient  can  be  supe< 
vised.     With  this  method,  the  drug  is  reduced  as  rapidly  as  can  be  bor 
by  the  patient  without  producing  very  violent  reaction. 

It  is  better  to  begin  by  reducing  the  number,  rather  than  the  size  < 
the  doses  (Bishop).     The  withdrawal  may  be  completed  within  ten 
fourteen  days.     Very  hot  baths  relieve  the  restlessness  and    insomn 
salicylates,  or  probably  neocinchophen,  the  "pains"  (Mclver  and  Pri 
1916).     The  bowels  should  be  kept  loose.     The  treatment  is  effective  ai| 
not  excessively  difficult  (Drysdale,  1915). 

Interval  and  Dosage. — K.  S.  Bishop,  iqjo,  states  that  there  is  an  almost  matheroaCic 
relation  between  the  size  of  the  dose  and  the  interval  before  cravinr  sets  in;  that 
if  the  dosage  is  doubled,  the  number  of  administrations  may  be  halvedf. 

Abrupt  Witiidrawal. — Unless  the  patient  is  perfectly  prepared,  th 
entails  severe  suffering,  and  some  danger.  However,  when  skillfull 
managed,  gtxxl  results  may  be  obtained  in  nearly  all  cases,  without  othi 
medication  than  catharsis  (S.  D.  Hubbard,  1920).  The  patient  m 
be  closely  watched.  If  withdrawal  symptoms  become  dangerous,  lh« 
may  be  controlled  by  0.015  lo  0.0.5  Gm.  of  morphin. 

Dru^-adjuptcts  to  Morphin  Withdrawal. — The  withdrawal  sympton 
of  all  drug  addictions  can  be  greatly  diminished  by  diverting  the  attentioi 
by  cathartics  or  nauseants;  or  more  effectively,  by  inducing  a  mild  deli 
ium  and  anaronesia  ("twilight  sleep")  by  scopolamin  or  atropin,  for 
or  3  days  (Wagner  and  Riewel,  1905). 

Detaih. — The  treatment  consists  in  absolute  withdrawal  of  the  drug,  and  in  admini 
lerinjj;  hypo^icrmically  a  mixture  of  scopolamin  hydrobromid,  o.t  mg.  f'-'jno  gr, 
fttiopin  sulphate,  o.i  mg.  Oboo  gf-)(  »»»d  water  1,5  c.c.  (^5  minims).     The  first 

<  Puller  dctcriptioni  of  tb«  itandard  meUiods  are  found  io  the  J.A.M.A.*  64  :  iom.  iQtS 
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which  is  usually  without  results^  is  repeated  in  onc-lialf  to  two  hours,  and  again  in  one 
uuJ  one-half  hours,  and  then  every  one-half  to  two  hours,  until  the  full  scopolamin  effect 
is  indicated  by  dry  throat,  flushed  face,  dilated  pupils,  restlessness,  and  mild  delirium. 
The  patient  is  maintained  continuously  in  this  state  for  three  or  four  days,  by  repeating 
the  injection  every  two  lo  six  hours,  reducing  the  inrlividual  dose  to  half,  if  possible. 
Coastant,  careful  and  skilled  watching  of  the  patient  is  indispensable.  If  tne  pulse 
{which  remains  ordinarily  of  normal  character,  with  a  rate  of  60  lo  70)  should  fall  below 
50.or  rise  above  no,  the  treatment  is  intermitted,  and  a  very  little  morphin  given. 

The  second  day  usually  produces  some  abstinence  symptoms  (violent  attacks  of 
sneezing  and  some  gastro-intestinal  phenomena),  but  these  are  rarely  of  sufficient 
leverity  to  require  special  attention. 

The  patient  can  be  about  the  room  throughout  the  treatment,  and  receives  "fever 
diet."  The  delirium  is  usu;dly  mild  and  busy,  the  patient  being  mainly  engaged  in 
picking  imaginary  insects,  etc. 

At  the  end  of  the  third  day  the  injections  are  stopped,  to  sec  whether  craving  for 
Ihc  drug  will  return.  Should  this  occur,  the  treatment  is  continued  fur  another  day. 
This  is  rarely  required. 

The  Lambert -Towns  Method,  described  by  A.  Lambert,  1909  and  1913,  involves  the 
SUM  principles,  since  it  uses  essentially  hyoscyamus  and  belladonna,  together  with 
Kvtrc  catharsis.  (Details  in  J.A.M.A.,  rgri,  v.  56,  p.  503;  v.  60,  p.  1Q33)  Collapse 
loacumes  occurs  (Wholey,  191 5).  Bishop  considers  the  active  catharsis  as  detrimental 
to  the  patient. 

PUdftirpin  has  also  been  employed. 

Sceleth.  1Q16,  advises  a  method  including  scopolamin.  pilocarpin  and  ethylmorphin. 

SubstitutitPH  of  Other  HabH-<iru^i. — Withdrawal  of  opiates  may  be  made  less  dis- 
tRsBDg  by  substituting  other  habit-drugs;  but  this  is  rarely  justitiable  since  the 
cod-result  is  usually  merely  to  condemn  the  patient  to  an  additional  drug  habit. 

The  AjUr-ireahneni. — This  is  important  with  all  methods.  The  patient 
ihould  receive  tonics,  nutritious  foo(i,  and  rest  for  several  weeks.  Insom- 
nia is  rather  troublesome  at  first,  and  should  be  relieved  by  giving  chloral 
ind  bromid  for  two  or  three  nights.  The  bowels  should  be  kept  clear,  both 
Wore  and  after  the  treatment. 

The  **  recovered  "  patient  must  be  protected  as  much  as  possible  against 
fttia  and  other  circumstances  which  would  tempt  him  to  the  resumption 
|the  drug.    Psychotherapy  may  be  useful  lo  prevent  recurrence. 

tf^laSion  A^^ainst  Drug  Habit.— Tht  real  cure  of  drug  habits  lies  in  the  enforce- 
appruuriatL'  legislation.     The  Harrison  Law  reduced  the  sale  of  opiates  and 
half  t  Wil)>crt,  1916);  but  there  is  a  great  deal  of  smuggling  that  is  difhcult  to 
This  is  partly  excused  by  the  inadequate  provision  for  the  proper  treat- 
of  addicts. 
Iferoin  is  so  particularly  liable  to  abuse,  and  the  medical  need  for  it  is  so  supcr- 
&oaI,  that  its  manufacture  and  sale  should  be  completely  prohibited. 

Therapeutic  Uses.— Morphin  and  Opium  are  used  mainly  to  Us&cn 
f>rocurc  sleep,  to  check  peristalsis,  lo  suppress  cough,  io  ease  dyspnea^ 
...iiiie  anesthesia,  and  to  sccttre  muscular  quiet.  These  indications 
vise  in  a  great  variety  of  diseases;  and  since  the  action  of  the  opiates  is 
certain  and  highly  effective,  their  field  of  usefulness  is  extensive  and 
inip<jTtanl.  However,  they  must  be  used  with  dbcretion. .  It  should  be 
nsncmbered  that  the  relief  is  generally  only  symptomatic  and  may  some- 
times interfere  witli  tlie  natural  processes  of  repair,  or  obscure  the  observa- 
of  the  prot^ress  of  the  disease.'  The  danger  of  habit  formation 
their  employment  in  neurotic  individuals  and  in  chronic  diseases 
when  these  are  hopeless).  The  habit  danger  can  be  somewhat 
if  the  morphin  is  administered  only  by  the  physician,  with  some- 
impressive  formalities  of  asepsis,  and  not  intrusted  to  the  patient 

1914,  apUy  points  out  that  the  avoidance  of  opiAtM  for  fear  of  obscuring  the  diagmms 
1  erf  deficient  dia^oitic  iechnic;  it  should  Qot  be  neocMary  to  make  the  dUsno«is  at 
ol  cahauiticis  pain. 
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himself.  The  side  actions  (constipation,  nausea,  gastric  disturbance,  and 
occasional  excitement)  may  also  interfere  with  the  usefulness.  Even  with 
these  restrictions,  however,  the  range  of  usefulness  of  the  opiates  is  st^ 
very  wide.  jj 

Pain. — Morphin  surpasses  in  efficiency  all  other  analgesics,  particulate 
for  persistent  pain.  Its  use  is  generally  aimed  to  dull,  rather  than  to 
abolish  the  sensibility;  and  for  this  purpose  relatively  small  doses  suffice. 
Morphin  by  hypodermic  injection  is  to  be  preferred,  5  to  15  mg.  (*^^2  ^o^i 
gr.)  according  to  severity,  and  repealed  as  necessary.  Local  applicatioii 
is  irrational,  although  it  is  still  somewhat  used  (H.  C.  Wood,  Jr..  1916). 

Insomnia, — Morphin  should  be  avoided,  if  possible,  especially  in  ncn*- 
ous  insomnia  and  in  psychic  excitement.  It  may  be  needed  if  the  insom- 
nia is  caused  by  pain,  cough,  or  dyspnea;  and  small  doses  (5  mg.  or  lijgr.) 
may  be  employed  to  reduce  the  dosage,  and  thus  the  side  actions,  of  otbtt 
hypnotics  (/.(.,  the  circulatory  depression  of  chloral).  J 

Z>tarrA<;a,^3piales  are  very  effective  in  arresting  the  excessive  perfc* 
talsis  in  acute  intestinal  catarrh.  If  the  intestines  are  first  cleared  of 
toxic  and  irritant  material  by  a  cathartic,  the  rest  afforded  by  opiates 
favors  the  subsidence  of  the  inflammation.  Tincture  of  Opium  by  mouth 
(0.5  c.c.  or  10  drops)  deserves  the  preference.  If  the  opiates  are  given 
while  the  materies  morbi  are  still  in  the  intestine,  they  may  do  harm,  cvm 
when  they  give  symptomatic  relief. 

Opium  is  also  useful  in  the  constipation  and  colic  of  lead  paistmi 
by  relaxing  the  intestinal  spasm.     In  peritonitis  it  relieves  the  pain,  botB 
directly  and  by  lessening  peristalsis;  but  the  disguise  of  the  symptoms  nttft 
be  surgically  objectionable.     In  biliary  and  renal  colic,  Morphin  (1$  m 
or  ^4  gr.)  Is  given  hypodermically,  to  lessen  the  suffering  (usually  wi 
I  mg.  airopin,  which  relaxes  the  ducts). 

Cough, — The  opiates  check  cough  by  lowering  the  reflex  irritabili 
of  the  respiratory  center.  Small  doses  suffice  for  this  purpose — by  moul 
Morphin  5  mg.  or  ,'-{2  K^'^  Tr.  Opit  ^2  ^-'-C.  or  10  drops;  Codein  .^o  mg. 
}'i  gr.;  Heroin  5  mg.  or  ?f  2  l?r.  (children  above  one  year,  }-^  mg.  or  4' 
gr.;  below  one  year,  '4  mg.  or  '-240  gr.);  Dionin  15  mg.  or  |^  gr.  Cod( 
deserves  preference,  since  it  produces  the  desired  effect  vnth  less  si 
actions,  and  without  habit  formation. 

The    use   of   opiates  as  '* sedative  expectorants"  in  bronchitis  a 
phthisis   requires   judgment.     They    are   indicated    when    the   cough 
mainly  irritative;  and  contraindicated  when  it  is  required  for  the  expulsi 
of    excessive    mucus.     Even    then>    however,    they  may  be  needed 
produce  sleep. 

Asthma  and  Dyspnea. — Morphin  (15  mg.  or  '4  gr-»  hv'podermicall 
often  relieves  this  condition,  by  quieting  the  patient,  allaying  the  " 
hunger"  and  perhaps  by  lessening  reflex  irritability.  It  should  be  avoid 
if  possible.  In  nervous  asthma,  it  tends  to  form  a  habit.  In  rcspirat 
dyspnea,  the  reduction  of  respiration  may  be  dangerous.  In  card 
asthma,  the  increase  of  carbon  dioxid  in  the  blood  may  injure  the  card 
function  and  establish  a  vicious  circle.  The  use  of  caffein  or  atro 
would  be  preferable;  but  it  may  be  justifiable  to  resort  to  morpl 
especially  for  relieving  the  anxiety. 

Morphin  in  ^'Gassirtg"  by  Cklorin  and  Other  Vohtiif  Irriianh. — Morphin  not  < 
dulls  the  agonizing  "air-hungcr,"  but  tends  to  save  life  by  quieting  the  patient 
thus  diminishing  the  use  of  oxygen  and  the  production  of  carbon  dioxid.  Ujort 
Taylor,  IQ19,  claim  that  it  also  prolongs  the  maintenance  of  alkali  reserve. 
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Coids. — The  diaphoretic  action  is  utilized  for  aborting  colds;  generally 
ftsPulv.  Ipecac  el  Opii,  0.5  Gm.  or  7J2  gr. 

Anesthesia. — Morphin  in  safe  doses  does  not  induce  complete  Insensi- 
bility, but  it  is  an  efficient  synergistic  lo  other  anesthetics  (lomg.  or  ^g 
gr.,  hypodermically ;  see  under  "Ether."  also  under  "Scopolamin"). 
Morphin  is  similarly  useful  for  distracting  the  patient's  attention  from 
operations  under  local  anesthesia. 

Bfmorrhagc. — Morphin  favors  the  arrest  of  hemorrhage  by  quieting 
the  patient,  thus  keeping  the  blood  pressure  low,  and  permitting  the  for- 
mation of  the  clot.  It  is  especially  valuable  when  the  hemorrhage  is  in 
in  inaccessible  situation, /.(.,  the  pulmonary  hemorrhage  of  phthisis.  The 
depressant  effect  on  the  respiration  enjoins  caution  in  the  use  of  larger  doses, 
especially  in  severe  hemorrhage,  cardiac  disease,  and  other  debilitating 
cooditions. 

Convulsions. — Since  morphin  increases  reflex  excitability,  it  can  not 
compare  witli  ether,  chloral  or  chloroform  for  suppressing  tetanus  or  other 
spinal  convulsions;  but  its  analgesic  effect  may  justify  its  use  as  an  ad- 
jurant.  The  depressant  action  on  the  respiratory  center  must  be  borne 
iamind  (Dreyfus,  1914). 

EdcMpsia. — Large  doses  of  morphiD  have  been  rcconunended  (15  mg.  h^podcrmic- 
iBy,  tvtry  hour  until  the  respiration  drops  to  8  or  10  per  minute).  This  generally 
VTCSts  the  convuLsiuns;  and  it  is  claimed  that  labor  often  proceeds  spontaneously 
(McPherson,  1917). 

ftyckU  and  motor  exaltaiions,  e.g.,  delirium  tremens  or  atropin  poisoning,  arc  con- 
tioDed  only  by  verv  large  doses,  the  danger  of  which  offsets  the    problematic    benefit. 

Emffis. — Morphin  is  employed  as  an  ant-cmetlc,  but  the  doses  which  can  be 
uieiy  prescribed  are  often  ineffective. 

DiobcUs. — Large  doses  of  opium,  morphin  or  codein  appear  to  benefit 
some  otherwise  intractable  cases;  but  the  ultimate  results  are  not  brilliant. 
Tbc  effects  are  probably  indirect,  by  slowing  the  absorption  of  sugar  from 
the  alimentary  tract. 

Bs^ffimftUal  Glycosurias. — The  opium  alkaloids  have  no  effect  on  the  hvperely- 
ovia  fesultiog  from  the  conversion  of  hepatic  glycogen  (epincphrin  or  piqurej ;  but  tney 
bn  tLQ  inhibitory  action  on  alimentary  hyperglycemia  (iLJcrckcr,  igi4).  This  indi- 
Qtesthat  the  action  is  on  the  alimentary  canal,  presumably  by  the  gastric  delay  slow- 
i3f  the  digestion  and  absorption  of  the  carbohydrates,  and  thus  preventing  the  sudden 
flooding  of  the  organism  with  sugar  (Macleod,  igi^).  Morphin  delays  the  disappear- 
r»  or  injected  dextrose  from  the  circulation  of  dogs,  although  it  facilitates  its  excre- 
hc  urine  (Kleiner  and  Meltzer,  iqi6).  It  must  therefore  hioder  the  passage 
irom  the  blood  into  the  tissues. 
ijtnical  Eii^ienrf .^Cwood  clinical  observers  claim  that  the  thirst,  poI>'uria,  glyco- 
'^  and  itching  of  the  skin  are  all  markedly  diminished.  Part  of  this  action  must  be 
"•rti  to  the  analgesic  effect,  while  the  influence  on  the  glycosuria  is  probably  due 
•ton  on  digestion,  and  is  produced  in  the  same  way  as  by  limitation  of  the  diet 
J  i.^ascants.  On  the  whole,  opiophagic  diabetics  die  earlier  than  others.  Codein 
been  u&ed  instead,  but  without  any  marked  advantages. 

'"  Opiates  for  Children. — This  is  best  adjusted  to  the  weight: 
11  above  ten  months,  the  weight  (in  pounds)  is  divided  by  150; 
ten  months,  by  300.    The  adult  dose  is  multiplied  by  the  fractions 
i^binined  (Doebeli,  191 2). 

[pitulation  of  the  Chief  DifiFerences  of  the  Morphin  Derivatives. 
'■■•''<    of  all  morphin  derivatives  are  quantitatively  identical,  so 
involve  only  changes  in  the  outlying  side-chains  (R.  Stockman, 
i.ven  the  quantitative  differences  are  not  of  very  great  practical 
Importance. 
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Morpkin  produces  the  strongest  narcotic,  analgesic,  hypnotic  and 
intestinal  effects,  and  the  weakest  stimulation.  It  causes  the  greatest 
derangement  of  digestion,  and,  with  heroin,  is  most  apt  to  induce  addiclion. 

Codein  (Methyl-morphin)  is  less  narcotic,  less  constipating,  and  I«s 
apt  to  induce  a  habit  or  tolerance.  It  has  some  advantage  in  the  treat- 
ment of  cough.  Bastedo  uses  15  to  30  mg,,  but  Fraenkel,  i8gg,  claims  that 
at  least  40  to  60  mg.  are  required  to  affect  cough.  This  dosage  is  some- 
what quieting^  but  not  narcotic,  and  scarcely  analj^esic.  Larger  dosage 
produces  restlessness  instead  of  quieting.  The  susceptibility  is  the  same 
lor  all  ages  (Docbeli,  191 0- 

It  increases  the  spinal  reflexes  more  than  morphin  (v.  Schroeder,  1S83).  Fnukk- 
further  and  Hirschfeld,  1910,  claim  a  greater  dilation  of  the  cerebral  vessels  (without  rise 
of  blood  pressure). 

Dionin  (Ethyl  Morphin)  seems  to  stand  intermediate  between  morphin 
and  codein,  in  all  respects.  Mering  advises  it  in  cough.  Lindenmayr, 
igi2,  uses  it  in  colds,  0.05  Gm.  before  retiring.  It  sometimes  causes 
itching  of  the  skin  (Seifert,  Nebenwirk.,  191 5,  p.  61).  It  has  a  special 
action  on  the  conjunctiva  (edema). 

Heroin  (Diacetylmorphin)  approaches  still  more  to  morphin,  of  which 
it  shares  all  the  disadvantages,  and  over  which  it  has  no  serious  advantage. 
Bastedo  finds  it  inferior  to  codein  (Side  actions,  Seifert,  Nebenwirk., 
1915.  p.  69). 

Severe  poisoning  has  been  reported  from  2  to  8  mg.  (v^2"!8P-)' 
The  government  services  are  contemplating  its  abandonment;  and  pro* 
hibition  of  its  manufacture  is  being  agitated.  J 

Thebain  (dimetbylmorphin)  is  so  markedly  convulsant  that  it  may  be  placed  in  the  n 
strychnin  group  <CJ.  Bernard;  Stockman  and  Dott). 

Structure  of  Opium  Alkaloids. — These  belong  to  two  groups^  those  cot 
taining  a  phenanthren  nucleus  (morphin  and  its  esters);  and  those  dcmw 
from  isoquinolin  (papaverin,  narcotin,  narcein).    The  difference  in  the, 
nuclei  is  shown  in  the  diagram. 


Pheiumthrrn  nucleus 


Iftoquirifilin  nuclma 


Structure  of  Morphin  and  lis  Derivatives. — Morphin  is  a  complex  derii 
tive  of  phenanthren.     It  contains  two  OH  groups  (one  phenolic,  the  ot 
alcoholic)  in  which  substitutions  can  be  made,  either  by  alkyl  or 
radicals. 

The  more  important  alkyl  esters  are  the  monomethyl  (Codein), 
methyl  (Thebain)  and  ethyl  (Dionin).     Heroin  is  the  di-acetyl  derivali^ 

The  nature  of  the  radicals — whelher  acid  or  alcoholic,  aromatic  or  aliphatic — isi 
of  great  importance.     Replacement  of  a  single  H  (codein,  dionin)  diminishes  the 
cotic  actions  and  increases  the  respiratory  and  tetanic  actioni  and  the  toxicity  for  1 
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nab.  When  both  OH  groups  arc  replaced  by  acids  (heroin)  the  narcotic  action  is 
stronger  than  for  codein.  the  tetanic  action  ia  weaker  than  with  morphin. 

Tlic  constitution  of  the  morphin  group  of  alkaloids  is  discussed  by  M-  Freund,  iQig. 

Comparative  Activity  of  the  Two  Groups. — The  alkaloids  of  both  groups 
are  more  or  less  narcotic  and  convulsant.  The  essential  diifcrenccs 
lit  in  the  peripheral  actions  on  all  kinds  of  smooth  muscle:  Their  con- 
tractions and  tonus  are  stimulated  by  (he  phenanlhrcn  group  (morphin 
and  its  esters),  and  depressed  by  the  isoquiiiolin  group  (papaverin,  etc.). 
This  applies  lo  the  intestines,  bile  ducts  vas  deferens,  bronchioles  and 
liiood  vessels.  Macht,  1918,  attributes  the  stimulation  to  the  pyridin 
radical  of  the  phenanthren  group;  the  depression  lo  the  benzyl  radical  of 
the  Lsoquinolin  group. 

CoHPulsant- nor  folic  Scries. — In  general,  the  narcotic  actions  on  the  brain,  on  the 
ooe  hand,  and  the  stimulant  action  on  the  cord  and  medulla  on  the  other,  are  in  inverse 
ntio;  morphin  being  the  roost  narcotic  and  least  convulsant.  and  thehain  the  most 
omxiilsant  and  least  narcotic;  the  other  morphin  esters  and  the  isoquinolin  alkaloids 
f'cing  intermediate.  Claude  Bernard  arranged  them  in  the  order  of:  Morphin,  codein, 
taKolin,  papaverin,  laudanosin,  thcbain.  Buergi,  1914,  places  them  as:  Morphin, 
pipaverin,  codein,  narcotin,  narcetn,  thebain. 

Htconic  Acid. — This  has  no  effect  in  the  doses  which  would  be  administered  in 
fpium.  Larger  doses  produce  narcosis,  muscular  tibrillation;  medullary  convulsions; 
(uarrbea;  curure  action  (Barlh,  IQ12). 

Fapavtrin. — Tliis  is  discussed  in  a  sepiirntc  section. 

Narrolin. — Tlie  peripheral  actions  appear  to  be  similar  to  papaverin,  but  weaker 
f*^,  iQU)-  Macht,  IQ15,  found,  contrary  to  Straub,  that  it  is  quite  toxic  to  the  heart, 
tipintion  and  other  functions. 

S'arcfin, — The  peripheral  actions  resemble  narcotin  (Pal»  1014)- 

Differences  between  Morphin  and  Opium ;  Opium  Alkaloid  Mixtures. 

^Wiilt  the  actions  of  opium  are  essentially  tho^^e  of  its  principal  alka- 
loid, morphin,  there  are  various  diiierences,  especially  quantitative. 
These  are  due  partly  to  the  mechanical  action  of  the  gums  and  resins, 
ifeich  delay  absorption,  and  thus  increase  the  local  and  diminish  the 
ttatral  actions.  In  the  main,  however,  the  differences  are  due  to  the  pres- 
ence of  the  minor  alkaloids,  which  modify  the  effects  of  morphin;  for 
finiQar  differences  exist  in  mixtures  of  the  alkaloids,  natural  (Pantopium) 
wwiifidal  (Narcophin,  Laudanons). 

The  precise  differences  between  the  actions  of  morphin,  opium  and  the 

Tiired  alkaloids  are  still  under  dispute.     The  statements  of  different  (and 

lies  of  the  same)  obser\'ers  are  so  contradictory  that  it  is  often 

'de  to  judge  them  (Literature,  E.  Buergi,  1914). 

mrd  Therapeutic  Advantages. — It  is  asserted  that  opium  and  the 

-  .  uj  mixtures,  for  a  given  degree  of  analgesic  and  cough -sedative  action, 

Qiisc  less  depression  of  respiration  and  less  nausea;  that   their  action, 

'^  '-H  slower,  is  more  prolonged.     It  is  also  claimed  that  opium  and 

um  are  more  efficient  in  checking  diarrhea;  while  at  the  same  time, 

''■  \i  staled  that  pantopium  is  not  as  constipating  for  normal  individuals. 

^  '-rr  considering  these  actions  in  detail,  it  is  necessary  to  describe  the  nature  of 

nercial  products  which  have  been  largely  used  in  the  investigation?;. 
J^^v'pOB  (Pantopium  Hydrochloricum),  N.N.R. — This  consists  of  the  isolated  alka- 
imkof  opium  in  their  natural  proporlionfi.     It  was  introduced  by  Sahli.     Discounting 
;,Mft)r  extravagant  claims,  it  has  the  advantage  that  the  absence  of  gums  and  resins 
prompter  absorption  and  makes  it  much  more  suitable  for  hypodermic  injection, 
irfftacologic  data  on  pantopium  are  reviewed  by  Barth,  i9i2;Schwentncr,  IQ12; 
TTiomas,  1913.     Severe  poisoning  from  0.04  Gm.  is  reported  by  Voigt,  191 1. 
iclions  are  quoted  by  Seifert,  Ncbenw-irk.,  1915,  p.  81. 
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Artijiciai  Mixtures. — Since  it  is  unlikely  that  all  the  alkaloids  are  therapeuticftUy 
useful,  and  that  they  occur  naturally  in  the  optimal  proportions,  there  exists  a  field  for 
artificial  mixtures.  Faust,  tgxi,  introduced  mixtures  oi  the  principal  opium  allLaloids 
under  the  name  of  *'L;iudanons."  The  proportions  appear  to  be  merely  arbitrir). 
A  more  scientific  attempt  has  been  made  by  \V.  Stmub  in  Uic  introduction  of  Narcophin. 

Narcophin. — W.  Straub  and  Caesar,  191 2,  investigated  the  modifications  product-HU 
a  variety  of  mixtures  of  opium  alkaloids.  They  found  narcotin  the  most  importjinl 
alkaloid  in  the  combination;  daindng  that  doses  of  narcotin,  which  were  ineflccUvc 
alone,  modified  the  actions  of  mnrphin,  smi  as  to  increase  the  toxicity  and  narcotic  effer!. 
and  at  the  f^me  time  diminish  the  respirator>'  depression;  that  a  mixture  of  equal  p&ru 
of  the  two  alkaloids  was  the  oiilimal  proportion  and  fully  represented  the  advantaKK 
of  opium;  that  the  other  alkaloids  of^  opium  had  less  effect  and  introduced  complci 
modifications  which  render  them  undesirable.  These  claims  hax-e  been  both  confirmrd 
and  contradicted,  clinically  and  experimentally.  Mcissner,  191.^  and  1914,  faiW 
to  confirm  the  synergism  in  the  most  important  effects,  viz..  the  respiratory  and  psychif; 
Straub's  rt-ply,  1913,  is  not  quite  convincing.  Under  the  circumstances^  judgmeaL 
must  be  suspended. 

Potcniiation  of  ToxiC  Action. — IssckuLz,  iqu,  found  that  the  toxicity  of  mixtures 
of  morphin  and  its  esters  corresponds  to  simple  addition,  but  that  mixtures  of  these  n'ith 
the  isoquinolin  alkaloids  shows  marked  potentiation.  This  has  been  confirmed  by  % 
Straub  and  Caesar,  1912,  who  claim  that  doses  of  narcotin,  which  are  in  tl»ema;lv» 
inactive,  double  the  toxicity  of  morphin  for  mice.  This  synergism  may  be  considcrrrf 
as  established;  but  it  has  little  bcanng  on  the  therapeutic  use. 

Anaigtuc  A  ction, — The  statements  arc  contradictor)*,  as  might  be  expected  from  the 
difiiculty  of  making  quantitative  obser\'ations  on  a  subjective  condition.  As  yet,  tbr 
claims  of  superior  analgesic  or  narcotic  action  are  not  fully  established.  The  seditivt 
action  on  cough  comes  under  the  same  category. 

Straub  claims  a  marked  increase  of  narcotic  action  by  narcotin,  in  that  the  morphin 
excitement  of  cats  is  prevented.  (This,  however,  is  a  very  variable  condition,  which  ii 
greatly  influenced  by  external  conditions.)  Macht,  Herman  and  Levy,  1916,  also  claia 
a  synergistic  decreased  sensitiveness  to  cutaneous  pain  in  human  subjects;  and  Madit 
and  Isaacs,  191 7,  find  a  greater  delay  in  the  reaction-time.  On  the  other  hand,  iti^v 
suggestive  that  the  cUmcal  doses  of  narcophin  and  pantopium  are  strictly  equivafci 
to  their  morphin  content.  Zeelen.  igio  and  1911,  found  only  simple  summation  id  ibf 
narcotic  (and  trtntiizing)  action  of  the  various  opium  alkaloids.  Mcissner  also  failed 
to  confirm  Straub. 

Renpiratory  Action. — Straub  asserts  that  the  respiratory  center  in  rabbits  (as  j 
by  response  to  CO3  stimulation)  is  much  less  depressed  by  narcophin  than  by  moi 
This  is  contradicted  by  Meissner.     Straub's  statements  appear  self-contradiclorj', 
he  also  claims  that  the  toxicity,  which  generally  depends  on  respiratory  depression 
increased.     Howeverj  Macht,  1915,  confirms  that  the  minor  opium  alkaloids  7>timul 
respiration,  and  thus  antagonize  somewhat  the  morphin  depression. 

Circuiation. — The  data  arc  scanty.  Macht,  1Q15,  finds  that  morphin-narcotin  m 
turcs  dilate  the  coronary  vessels  much  less  than  cither  alkaloid  alone;  add  that  Pan 
pon  and  Laudanon  have  practically  no  effect  on  the  coronar>'  circulation. 

Gastric  Disturbance.— It  is  quite  generally  asserted  that  the  combinations  are  ' 
liable  to  produce  nausea  and  vomiting;  but  quantitative  differences  of  this  kind  are 
cult  to  judge,  clinically.    It  is  possible,  though  not  proven,  that  there  may  be  a 
difference,  since  morphin  itself  stimulates  the  vomiting  center  more  than  any 
4>pium  alkaloid. 

Constipating  Action. — This  has  been  discussed  under  morphin. 

Ureter  and  GaU-hladdrr, — The  depressant  action  of  the  isoquinolin  alkaloids  wi 
make  the  combined  alkaloids  more  effective  than  morphin,  m  ureteral  and  *  ^ 
colic  (Macht,  et  a/.). 

The  synergium  of  morphin  with  seopolamin  and  with  the  anesthetic  and  hypi 
H-ill  be  discussed  in  connection  with  those  drugs. 


ami 
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PREPARATIONS — OPIUU 


*  Opiumf  U.S.?.,  B.P.  (Meconium,  Thebaicum). — The  dried  milky  juice  exuc 
from  the  incised  unripe  seed-capsules  of  the  poppy,  Papaver  somniferum, 
masses  or  powder,  of  peculiar  odor  and  bitter  taste.     Contains  a  number  of  1 
the  most  important  being  morphin  {about  10  per  cent.).     Dose,  0.06  Gm.,  i  gr. 
(equivalent  to6mg.  or  n 0  gr.  morphin);  0.03  too.ia  Gm.,  H  to  2  gr.,  B.P.     Mai 
dose,  0.3  Gm.,  3  gr. 
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Opium  was  mentioned  by  Thcophrastus«  third  century  B.C.  An  interesting  account 
of  its  history-  is  given  by  Macht,  1Q15.  The  history  of  the  opium  preparations  is  also 
intnrstmg  (WUbert,  1Q16).  Laudanum  is  said  to  have  been  originated  by  Paracelsus 
11),  but  as  a  solid  aqueous  extract;  paregoric  by  Le  Mort  of  Lcyden,  early  in 
L-nth  century.  Sydenham's  laudanum  (Vinum  Opii)  isderived  from  a  formula 
'•.  ^viirnham  (1624-168Q).  Tr.  Opii  Deodorati  was  originated  by  Robiquet  (1780- 
i!v40».  and  Robt.  Hare.  1827;  Mist.  Glycyrrh.  Co.  by  Dr.  B.  J.  Barton  of  Philadelphia. 
ihM  iRi4- 

Th«  opium  poppy  is  cultivated  in  Asia  and  Egypt;  it  can  be  raised  in  the  United 
Sutes,  but  the  coat  of  labor  renders  the  production  of  opium  unprofitable.  The  capsules 
nwciaily  before  ripening,  Caesar  and  Loretz,  1903)  and  seed  also  contain  the  alka- 

Thcy  lire  not  present  in  the  fresh  plant,  but  are  produced  by  the  action  of  oxidases  on 
ihcUlcx  (Stockbergcr,  iqi6). 

The  seeds  yield  50  per  cent,  of  a  bland  fixed  oil  which  may  be  used  like  olive  oil. 

Thcu&uai  percentage  of  the  other  alkaloids  in  opiums  is:  Codein,  o.a  to  0.7  i>ercent.; 
TWwin,  0-15  per  cent.;  Narcein,  0.02  to  0.7  per  cent.;  Narcoim,  t  j^  to  10  per  cent.; 
Piptvcrin.  I  per  cent,  (absent  in  some  sorts;  Van  Italie  and  Kcrbosch.  iqio).  The 
(krclopment  of  these  alkaloids  in  the  growth  of  the  plants  is  interesting  (Kcrbosch, 
wo). 

Opium  also  contains  a  number  of  other  minor  alkaloids;  roecontc  acid  (a.5  to  5.5 
percent.),  lactic  acid;  gums,  resins,  fats,  odorous  principles.     No  starch  or  tannin. 

^OpiiFulHs  (Opii  Pulv),  U.S.P.;  Powdered  Opium. — l.ighl  brown  powder,  yielding 
'a  per  cent,  of  anhydrous  morphin.     Dose,  0.06  Cm.,  i  gr.,  U.S. P. 

O^um  Deodoratum  (Opium  Deotl.),  U.S. P. — Opium  exhausted  with  petroleum  ether. 

;_jemovc  some  of  the  odorous  principles.     It  is  similar  to  the  secret    "improved" 

%m  Granulaium^  U.S. P. — This  is  employed  in  manufacturing. 
O^i  Liq..  B.P. — 0.75  per  cent,  of  morphin,  3.75  per  cent,  of  the  Dry  Extract,  in 
cent,  alcohol.     Dose^  o.s  to  1.8  c.c.  5  to  30  minims,  B.P. 

Opii,  U.S. P.;  Exi.  Opii  Sice,  B.P. — A  powdered  extract,  i  Gm.  representing 
of  the  drug,  or  20  per  cent,  of  morphin.     Dose,  0.03  Gm.,  ^  gr.,  U.S. P.;  16  lo  60 
to  I  gr..  B.P.     Maximum  dose.  0.15  Gm.,  aV^  gr. 
Opii.  B.P. — Equal  parts  of  Tr.  Opii  and  Lin.  Sapon. 

ii  Et  Plumhi,  N.F.;  Lead  and  Opium  Wash. — L.cad  acetate,  4.5  Gm.;  Tinct. 
.;  Water,  q.s.,  250  c.c. 

-a  Glycyrrhiza  ComposUa  (Mist.  Glycyrrh.  Co.),  U.S. P.  (Brown  Mixture). — 
ftvAtd^if,  10  c.c,  2}^  drams,  of  this  mixture  contains  1.2  c.c.  of  Paregoric  or  5  mg.. 
'.  of  onium;  and  2,5  mg.,  ^4  gr.,  of  Tartar  Emetic;  also  a  little  Sp.  Aether.  Nit. 
*»«  popular  expectorant,  but  needlessly  complex. 
(Pa.  Piumb.  C  Opio,  see  Index.) 
W.  S^p.  Co.,  B.P. — 20  per  cent,  of  Opium.     Dose,  o.ia  to  0.35  Gm.,  2  to  4  gr.,  B.P. 
Pmh.  CrH.  Arom.  C.  Opio,  B.P. — 25  per  cent-  of  Opium.     Dose,  0.6  to  4  Gm.,  10 
6s«ogr..  B.P. 

*Fufii  Ipecacuanha  ct  Opii  (Pulv.  Ipecac  et  Opii),  U.S. P.;  Pulv.  Ipecat.  Co.,  B.P. 
ibwcr's  Powder;  C^ii  et  Ipecac.  Pulv.  Co.,  P.I.).— Contains  10  per  cent,  each    of 
and  Ipecac  with  Milfe-augar,  U.S. P.,  or  Potass.  Sulphate.  B.P.     (It  was  in- 
by  Thomas  Dover,  1742,  as  a  diaphoretic  in  gout.)     Dose,  0.5  Gm.,  8  gr.. 
.^  to  t  Gm.,  5  to  15  gr.,  B.P.     Maximum  dose,  1.5  Gm.,  20  gr. 
{Pmh.  Kino  Co.,  see  Index!) 
Fwh.  Opii  Co.,  B.P. — 10  per  cent,  of  Opium,  with  aromatics.     Dose,  0.3  to  i  Gm., 
•  tersKT.,  B.P. 

iSupp  Plumbi  Co.,  B.P.,  see  Index.) 

*  Tr.  Opri.  U.S. P.,  B.P.;  Tincture  of  Opium  (Laudanum). — 10  per  cent,  of  opium, 
_t  ptr  cent,  of  morphin,  in  diluted  alcohol.     Miscible  with  water  or  alcohol.     Dose, 
S  minims.  U.S.P.;  0.3  to  i  c.c,  5  to  15  minims,  repeated;  single,  1.2  to  e.Sc.c, 
}o,  B.P.     Maximum  dose,  2  c.c,  30  minims. 

.  Opii  Ammom.,  B.P. — o.i  per  cent,  of  Morphin,  with  Anise  oil,  Benzoic  add  and 
Dcse,  2  to  4  c.c,  H  to  I  dram.  B.P. 

-o  Opii  Camphoraia  (Tr.  Opii  Camph.),  U.S.P.;  Tr.  Camphor.  Co.,    B.P. 
:;  Opii  Tinctura  Benzoica.  PI). — 0.4  per  cent.,  each,  of  opium,  benzoic  acid, 
■nrf  anise  oil,  U.S.P.     The  B.P.  contains  the  same  ingredients  with  0.5  per 
opaum.     The  preparation  is  used  especially  for  children.     Dose,  4  c.c,  i  dram, 
_ ..  2  u>  4  cc,  H  to  I  dram,  B.P.     4  c.c.  contains  16  mg.,  \i  or.,  of  opium  or  i.6 
■-.  nt  P"   o'  morphin,  U.S.P.  (20  mg.,  H  gr«i  of  opium  or  2  mg.,  Ho  gr-i  of  morphin, 
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•  Tind.  Opii  Deodorati^  U.S.P. — Same  strength  and  dose  as  the  Tincture;  1 
odor,  having  been  extracted  by  petroleum  ether.  Similar  to  McMunn's  Elixir  an< 
nostra. 

(Ung.  Gail.  C.  Opio,  B.P.,  see  Index.) 

(Ung.  Myrrh.  C.  Opio,  B.P.,  see  Index.) 

Pantopon  iPaniopium  Hydrochloricum)^  N.N.R. — A  purified  mixture  of 
alkaloids,  containing  50  per  cent,  of  morphin.  Sol.  in  water.  DosCy  5  to  2 
H  to  H  gr.,  by  mouth  or  hypodermically. 

NarcopHn;  Morphin-narcotin  meconate. — About  33  per  cent,  of  morphin 
in  water.    Dose^  three  times  that  of  Morphin. 

PREPARATIONS — MORPHIN 

*  Morphin  and  its  salts  occur  as  odorless,  bitter  white  powders  or  colorless  a 
They  are  incompatible  with  alkalies,  tannins,  iodids  ana  other  precipitants  0 
loids.  Dose,  8  mg.,  H  gr.,  U.S.P.;  8  to  30  mg.,  H  to  ^  gr.,  B.P.  The  rectal . 
the  same;  the  hjrpodermic  about  two-thirds  of  the  oral.  Maximal  single  dose, ; 
y^  gr.  The  actions  begin  in  about  five  minutes  on  hypodermic  administration, 
tions  are  said  to  decompose  rather  readily  when  heated  above  6o°C.  (Welmans, 

Morphina,  U.S.P,,  CrHnNOi  +  H.O.— Very  slightly  sol.  in  water  (1: 
slightly  sol.  in  ale.  (1:210);  sol.  in  lime-water  (x:ioo). 

Morph.  Acet.,  B.P.,  Ct7H,^0t.CjH.0i  +  3H,0.— Freely  sol.  in  water  ( 
Loses  acetic  acid  on  exposure  to  air. 

*  Morphina  Hydrochloridum  (Morph.  Hydrochl.),  U.S.P.,  B.P.,  C|7H|»N0».; 
3HaO. — Sol.  in  water  (1: 17.5)  or  ale.  (1:52). 

•  Morph.  Sulph.,  U.S.P.,  (Ci7H,.N03),.H,S04  +  sHjO.— Sol.  in  water  (i 
slightly  sol.  in  ale.  (1:565). 

Morph.  Tart.,  B.P.,  (Ci7H,iNO,)j.C4H«Oe  +  3H1O.— Sol.  in  water  (i :  11). 

Ifij.  Morph.  Hyp.,  B.P. — 2.5  per  cent,  of  tartrate.  Dose,  0.3  to  0.6  c.c,  < 
minims,  B.P. 

Liq.  Morph.  Acet.,  B.P. — i  per  cent.     Dose  0.6  to  3.6  c.c,  10  to  60  minims,  1 

Liq.  Morph.  Tart.,  B.P. — i  per  cent.     Dose,  0.6  to  3.6  c.c,  10  to  60  minimi 

Supp.  Morph.,  B.P. — 0.017  Gm.,  }4  gr. 

Tr.  Chhrof.  et  Morph.  Co.,  B.P. — Chlorof.,  7.5  per  cent.;  Morph.,  i  per  cent. 
Hydrocyan.  Dil.,  5  per  cent.;  with  Capsicum,  Cannabis  Indica  and  Peppe 
Dose,  0.3  to  I  c.c,  5  to  15  minims,  B.P.     Used  in  colic. 

Troch.  Morph.,  B.P.— 2  mg.,  Hogr. 

Troch.  Morph.  et  Ipecac,  B.P. — 2  mg.,  3-^0  gr-»  of  Morphin;  6  mg.,  Ho  gr.f  of  1 

PREPARATIONS — MORPHIN  DERIVATIVES 

These  resemble  the  morphin  salts  in  physical  characters  and  u 
patibilities;  they  are  further  incompatible  with  strong  acids  or  alkal 

Aethylmorph.  Hydrochlor.,  U.S.P.  (Dionin),  C,7HiTN0(0H)(0C,H»).Ha  + 
— White  or  yellowish,  odorless,  microcrystalline  powder.  Freely  sol.  in  water 
sol.  in  ale.  (1:22).  Dose,  15  mg.,  }i  gr.,  U.S.P.;  Locally,  10  to  20  per  cent.  Ma: 
dose,  50  mg.,  ^  gr. 

Diacetylmorphina,  U.S.P.  (Heroin),  Ci7Hn(CiHaO,),NO.— Very  slightly  ! 
water  (1:1,700);  sol.  in  ale  (1:31).     Dose,  3  mg.,  >^ogr-,  U.S.P. 

Diacetylmorph.  Hydrochl.,  U.S.P.,  Diamorph.  Hydrochl.,  B.P.  (Heroin  Hydroct 
Ci7Hi7(CiHjO»)iNO.HCl  +  H,0.— Freely    sol.    in    water    (1:2);    sol.   in  ale 
3  mg.,  Ho  gr-,  U.S.P.;  2.5  to  8  mg.,  ^6  to  %  gr.,  B.P.     Maximum  dose,  10  mg., 

Codeina,  U.S.P.,  B.P.,  Ci7H,8(CH,)NO,  -|-  H,0.— Slightly  sol.  in  water  (i 
freely  sol.  in  ale  (1:2).     Dose,  30  mg.,  ]4  gr.,  U.S.P.;  16  to  60  mg.,  K  to  i  gr.,  B 

*Codein.  Phosph.,  U.S.P.,  B.P.,  Ci«H„N0,.H,P04  +  2HaO.— 67  per  cent  of 
drous  codein.  Freely  sol.  in  water  (1:2.3);  slightly  sol.  in  ale.  (1:325).  Di 
nig-,  H  gr»  U.S.P.;  16  to  60  mg.,  M  to  i  gr.,  B.P.     Maximum  dose,  o.i  Gm.,  ] 

Syr.  Codein.  Phosph.,  B.P. — 0.5  per  cent.     Dose,  2  to  8  c.c,  H  to  2  drams,  1 

Codein  Sulph.,  U.S.P.,  (Ci«Hs,N03)j.HtS04  +  sHjO).— Sol.  in  water  (1:30) 
slightly  sol.  in  ale.  (1:1,280).     Dose,  so  m$.,  }i  gr.,  U.S.P. 

Papaverin.  Sulph.,  N.N.R.,    (CjoHh04N),.HiS04.— Sol.  in  water  or  ale 
30  to  80  mg.,  }i  to  iH  gr. 

PAPAVERIN 

This  was  recommended  as  an  analgesic  by  Baxt,  1809,  and  Macht,  1915;  b 
centralxffects  are  insignificant  (Pal).  Its  toxicity  is  low.  Bouchet  claimed  that 
produced  no  effects  on  man. 
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Its  important  peripheral  actions  have  beta  investigated  mainly  by  Pal.  IQ13.  igi^^ 
He  found  that  it  relaxes  the  tonus  of  all  smooth  muscle,  especially  when  this  has  been 
qiasmodicaUy  contracted,  and  this  without  paralyzing  the  contractility  of  the  muscle; 
fl,  he  claimed  that  it  lowers  intestinal  tonus  without  interfering  with  normal  peristalsis 
Of  producing;  constipation;  that  small  doses  lower  abnormally  high  blood  pressure, 
whusi  it  requires  much  larger  doses  to  lower  the  normal  pressure.  Macht,  iqi6, 
cUimcd  that  it  lowers  blood  pressure,  mainly  by  peripheral  vasodilator  action,  cspe- 
diHy  in  the  splanchnic  area.  The  coronary  circulation  is  increased.  Small  doses  stow 
the  hf art.  with  tcndeno'  to  stronger  contractions.  Popper  claims  that  the  isoquinoHn 
lUuloids  relax  the  longitudinal  coat  of  the  intestines;  the  phenanthrens  the  circular  coat. 

Macht,  Herman  and  Levy,  iqi6,  hnd  that  40  mg.  h>'podermicalIy,  in  man,  produces 
mtrkrd  analgesia  with  some  vasodilation,  fall  of  blood  pressure  and  slight  constipation. 

Therapeutic  Use  of  Papaverin. — Pal  advises  its  use  m  gastric  and  intestinal  spasms 
and  colics,  and  in  spastic  constipation  (30  to  3o  mg.  by  mouth  or  hypodermic;  5  to  30 
ng.  by  vein.  Stocrk,  1915,  employs  it  against  the  tenesmus  of  bacterial  dysentery 
(006  Gm.,  three  times  daily,  continued  as  long  as  required).  It  has  also  been  tried, 
with  less  reason,  in  hv^wrtension,  angina  pectoris;  vomiting,  gastric  crises;  asthma 
and  pertussis  (Pal;  Popper.  igi4:L.  Levy,  1914).  It  is  a  local  anesthetic,  and  ha.s  been 
»cd  OD  the  cornea  as  solution  of  4  to  10  per  cent.  Macht,  iqi6,  finds  that  papaverin 
M  the  lone  of  the  ureter,  without  inhibiting  the  peristalsis.     Gerathy  and   Macht, 

6.  use  its  injection  by  ureteral  catheter,  against  tne  colic  of  ureteral  calculi  (5  c.c 

I  per  cent.  Papav.  HCl).  The  gall-bladder  and  the  seminal  ducts  are  also  relaxed 
(Macht,  1Q19). 

Commercial  papaverin  contains  considerable  cr>'ptopin,  to  which  most  of  its  chemical 
tMtsiredue  (Pictetand  Kramers,  iqio).  In  general,  however,  the  quality  of  commer- 
oal  opium  alkaloids  is  satisfactory  (Warren,  1915). 

ftUe  of  Papaverin. — It  is  probably  extensively  destroyed  in  the  body,  since  neither 
pipaverin  nor  any  immediate  decomposition  products  have  been  recovered  from  the 
orS^asor  excreta  after  its  hj-podermic  administration  (Zahn,  1015). 

An  extensive  Bibliography  of  papaverin  is  given  in  Merck's  Reports,  1914,  j8:74. 

Tetra-Hydro-papavarohn. — Laidlaw,  iqio,  found  that  this  inhibits  the  tone  of  un- 
pinned muscle,  dilates  the  bronchioles  and  blood  vessels,  and  lowers  blood  pressure, 
«Wc  at  the  same  time  stimulating  the  heart.  It  is  relatively  non-toxic.  Marshall, 
JQiJ,  tried  it  clinically  in  arteriosclerosis,  but  found  it  practjcaUy  inefficient — probably 
use  it  is  too  easily  oxidized. 
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PROTOPIW  GROUP 


The  curare  and  muscular  actions  of  the  opiates  were  first  described  by  v.  Engcl, 
^^  for  the  protouin  ^roup — certain  unimportant  alkaloids  (protopin,  crytopin, 
fwlidonin,  homochefidomn,  and  chelerythrin)  which  occur  in  opium,  out  especially 
y  other  Papaveraceous  plants  (Sanpuinaria  or  Bloodroot;  and  Chelidonium  or  Celan- 
dine; Bocconia,  etc.).  These  alkaloids  share  also  the  depressant  morphin  action  on  the 
■urt  iHale).  They  arc  said  to  paralyse  the  sensory  enaings  like  cocain.  The  respira- 
"Oa  tt  scimuUted. 

CHELIDONin 

This  is  the  most  promising  member  of  the  protopin  group.     It  is  chemically  related 

to  papaverin.   containing   the   benxyl-isoquinoHn   group.     It    therefore   depresses  all 

"Tf-.rh  muscle  and  has  a  low  toxicity.     It  deserves  clinical  trial  against  spasm  and 

t  vnxooth  muscle,  asthma,  etc.,  i.e.,  in  the  same  fieldsasbenxyl  henz^ale  (Ilanzlik). 

■ViW  Actions. — H.  Meyer,  1892,   found   that  it  produces,  in  frogs,   descending 

I'm  of  the  central  nervous  system,  similar   to  morphin.  but  without  spinal 

lion.     Mammals  also  respond  by  analgesia  and  sleep,  without  marked  depression 

fl  itilcaes, 

TKf  respiration  is  unaffected  by  therapeutic  doses;  rooderatety  slowed  by  large 
Toxic  doses  cause  coma,  without  nausea  or  vomiting;  finally,  the  vasomotor 
K'comes  paralyzed. 

^herai  A  f lions  of  Chrlidonin. — These  have  been  investigated  especially  by  tlanz- 

".     Like  other  Jstiquinolin  .ilkaloids  (narcotin,  papaverin),  it  depresses  all  kinds 

■    '^tlh  muscle.     The  effect  appears  to  be  directly  on  the  muscle  sul>stance.  since 

*t  inugoniics  not  only  pitocarpin,  but  also  histamin,  peptone,  anaphylaxis,  cpinephrin, 

*M even  barium;  while  these  do  not  remove  chclidonin  depression. 

Urjft  doses  depress  cardiac  muscle,  slowing  and  dilating  the  heart.  (Mcyrr 
^Wttjusly  attributed  this  to  vagus  stimulation.) 

Skeletal  muscle  is  also  depressed,  and  Meyer  described  paralysis  of  sensory  and 
*otot  endings.     It  has  no  effect  on  nerve-trunks,  even  in  high  concentratiofts. 

t . 
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PREPARATIONS 

CHdidonina  Sulphas, — Freely  soluble  m  water.  Incompatible  with  chloH 
Dose,  about  0.2  Gm.,  3  gr. 

Chelidonium  Juice. — This  is  an  acrid  irritant,  applied  in  folk-medicine  to  remc 
warts.    The  acrid  principle  has  not  been  isolated.    Cnelidonium  also  contains  berber 

SANGUXNAIUA  (BLOODROOT) 

This  has  been  used  as  a  nauseant,  usually  as  the  xo  per  cent,  acidulated  tincti 
(dose,  I  c.c,  15  min.). 

Sanguinaria  contains  sanguinarin  (Reports,  Council  Pharm.  and  Chem.,  zg 
60)  and  other  alkaloids  (Kozniewski,  1910).  It  is  irritant,  but  requires  further  pham 
cological  investigation. 

BENZYL  BENZOATE 

The  hjrpothesis  that  the  benzyl  radical  is  responsible  for  the  torn 
depression  of  smooth  muscle  by  papaverin,  suggested  to  Macht^  1918,  t 
trial  of  the  simpler  benzyl  esters.  Benzyl  benzoate  and  acetate  w< 
found  to  relax  excised  smooth  muscle  from  various  organs.  On  this  bas 
they  were  tried  clinically  in  colics  or  spasmodic  conditions  of  smoo 
muscle,  with  apparent  success  (see  below).  However,  Mason  and  Pie< 
1920,  find  that  doses  considerably  larger  than  those  used  in  therapeuti 
even  when  injected  directly  into  the  blood  stream,  are  insufficient  to  aff< 
either  resting  or  stimulated  smooth  muscle  in  those  organs  against  wh< 
over-activity  the  drug  had  been  especially  advised  (uterus,  intestine,  stoi 
ach  and  bronchi);  but  produce  only  some  cardiac  depression.  The  clini( 
effects  on  the  intestine  may  conceivably  be  caused  by  direct  local  actic 
but  apparently  the  claimed  clinical  actions  on  other  organs,  in  so  far 
they  were  not  suggestive,  may  have  been  due  to  reflexes  from  the  taste  a 
gastro-intestinal  irritation. 

The  toxicity  of  the  benzyl  esters  is  low  since  they  are  largely  convert 
into  hippuric  acid. 

Therapeuiic  Field. — Macht,  1Q19,  cites  the  following  conditions  in  which  clini 
improvement  was  noted;  and  these  have  been  confirmed  as  noted : 

Excessive  Peristalsis. — Chronic  diarrhea;  dysentery,  including  amebic  Intesl^ 
Colic;  enterospasm;  pylorospasm;  Spastic  ConsHpation,  Biliary t  ureteral  and  renal ea* 
vesical  spasm. 

Utertne  colic;  dysmenorrhea^  Litzenberg,  19x9,  endorses  it  in  "vagotonic "or  "ess 
tial"  dysmenorrhea;  as  being  effective  in  most  cases,  relieving  the  pain  and  headac 

Arterial  Hypertension. — It  is  said  to  lower  the  diastolic  as  well  as  the  systolic  pi 
sure,  and  may  succeed  when  nitrites  fail.  Damage  to  the  kidneys  lias  not  n 
demonstrated. 

Angina  pectoris. 

Bronchial  spasm  {asthma). — Many  cases  respond,  but  not  ail. 

Whooping  Cough. — It  is  more  or  less  palliative  in  most  cases  (Macht,  1920). 

PREPARATIONS 

Benzylis  Benzoas,  N.N.R.,  Benzyl  Benzoate,  C«H4COOCHsC«H». — A  colork 
oily  liquid,  of  faint  odor  and  disagreeable,  sharp  taste.  Insoluble  in  water  or  glycer 
freely  soluble  in  alcohol  and  fat  solvents.  Best  prescribed  as  the  commercial  20  ] 
cent,  alcoholic  solutions  or  emulsions,  usually  flavored  with  aromatics  (Spir.  Anis 
The  dosage  is  i  to  10  c.c.  (^  to  2  teaspoons)  of  the  20  per  cent,  solution,  in  cold  wat 
3  or  4  times  daily. 

Benzaldehyd,  C«HtCOH. — This  is  also  antispasmodic  and  anesthetic.  A  sab 
ated  solution  (0.2  per  cent.)  relaxes  the  tonus  and  inhibits  the  contractions 
smooth  muscle.     Small  doses  do  not  lower  blood  pressure. 

As  local  anesthetic  it  is  inferior  to  benzyl  alcohol,  since  its  solutions  are  xi^ic 
oxidized  to  benzoic  add  (Macht,  1919). 
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HYDRASTIS 

Hydrastis  (Golden  Seal)  has  few,  if  any,  rational  indications.  It  is 
employed  empirically  as  a  bitter  stomachic;  to  check  internal  hemor- 
rhage; and  locally  in  catarrhal  cond  tions,  especially  of  the  genito-urinary 
tracL 


Constituexits. — Hydrastis  contains  at  ieasl  three  alkaloidfi:  Berbcrin,  1.5  to  4  per 
cent.;  Hydrastiii,  at  least  2.5  per  cent.  (U.S.P.),  and  Canadin.  a  derivative  of  berberin. 
There  is  also  some  resinous  matter,  etc. 

Bydraslin. — This  is  an  isoquinolin  derivative,  closely  related  to  some  of  the  minor 
ppium  alkaloids,  Narcotin,  Laudanosin  and  Papaverin.  Narcotin  is  metboxy-hydras- 
Un ,  »n  H  of  bydraslin  being  replaced  by  OCH». 


Hydrastin 

Narcotin 


CuHnNOrHtOCH,), 
CHuNO,  (OCH,), 


I 


^y  oxidation  both  give  analogous  artificial  alkaloids,  which  are  somewhat  important: 

C„H„NO»  +  H,0  +  O  -  CoHioOft  +  C,.H„KO»H 
Mydnutia  Opianic  hcuI        itydraiimin 

C„H„N07  +  H,0  H-  0  =  CaiioOi  +  CHziNOjOCHa 
Narcotin  Opianic  acid  Cotornin 

Berbtrin,  CiftHirNO*  (structure,  Faltis,  1910)  is  an  intensely  yellow  and  bitter  alka- 
«i^,  of  wide  occurrence,  which  gives  the  color  and  taste  to  a  large  number  of  "golden  " 
'^^^ils  and  barks  (Uerberis,  Xanthoxylon,  Coptis,  etc.). 

Actioos  of  Hydrastis. — An  extensive  study  of  hydrastis  and  its  alkaloids  was  made 
^y  Bunge,  1895.  Tliis  gives  the  literature  to  that  time.  Of  later  papers,  mention  may 
J*  made  of  those  of  Fellner,  igo6;  Williams,  igoS;  and  Laidlaw,  iqio.  The  effects  of  the 
***^g  and  of  its  different  alkaloids  are  qua.lita.tively  similar. 

Cmtral  Ncrootis  Svstrm. — Hydrastin  produces  convidsive  effects  analogous  to 
tho^  of  strychnin.  TJicse  arc  also  obtained  with  the  fluidcxtract.  The  dcnvatives 
I^Vdrastimn  and  cotarain  have  a  purely  depresaaot  action,  producing  death  by  respira- 
^fy  paral.vsis  (Laidlaw).     There  is  no  narcosis. 

emulation. — From  the  experimental  results,  it  seems  that  the  effects  of  hydrastis 
*^<i  its  alkaloids  and  derivatives  on  the  circulation  are  too  uncertain  to  be  thcra- 
f*^utically  useful.  The  clinical  evidence  also  appears  insufficient  to  establish  their 
^*Iue.  Frcy,  1909,  found  that  hydrastinin  had  no  effect  on  pulmonary  hemorrhage; 
*-*»d  HanzUk,  1918,  showed  that  hydrastis  and  its  alkaloids,  including  hydrastinin 
*fc  not  stj-ptic  on  ordinary  wounds,  either  with  local  or  systemic  administration;  but 
^<:y  rather  tend  to  increase  the  bleeding.  The  effects  of  hydra.«*tis  on  the  circulation 
*t  ^-ariable.  and  the  description  of  different  investigators  are  discordant. 

Williams  obtained  no  effects  with  hypodermic  or  oral  administration,  even  with  very 
**rge  doses.  Intravenously  the  fluideitract,  hydrastin  and  berberin  produced  the  same 
'"^ults;  considerable  fall  of  blood  pressure,  followed  with  small  doses  by  a  slight  and 
^Oort  rise.  With  large  doses,  the  pressure  remained  low.  These  effects  were 
f^'^edominantly  cardiac  (myocardiograms  and  oncometer);  this  overshadowed  any 
f*^^ble  vasomotor  changes. 

The  vasomotor  center  is  not  directly  affected  by  moderate  doses  of  hydrastis,  hydras- 
^'i,  berberin,  hydrastinin  or  colarnin;  but  may  be  stimulated  indirectly  through 
'^^^piratory  depression,  convuluve  phenomena  or  cardiac  arrest  (Pilcher  and  SoUmann, 

With  tcdc  doses,  there  is  vasomotor  paralysis,  and  paralysis  of  vagus   endings. 
'^^citoJ  organs  show  some  vasodilation. 
^      On  the  scarified  skin,  hvdrasHn  (i:  1000)  produces  some  blanching  (Sollmann  and 

Hvdrastin  is  related  to  tlic  protopin  group,  and  therefore  depresses  the  cardiac 
&nd  uelcUl  muscle,  and  has  a  weak  local  anestnetic  action. 

flyHrastinin  also  causes  some  primar>'  fall  but  a  larger  rise  (atwut  15  mm.)  main- 
'  for  over  tifteen  minutes;  the  heart  rate  is  slowed.  This  rise  is  also  predominantly 
^  but  there  is  a  stimulation  of  the  arterial  muscle,  not  prevented  by  paralyzing 
■^y:  ntrr\T  endtnj^  with  ergotoxin.  Rurdinowski,  1904,  interprets  its  actions  rather 
■^'"tfcntly. 
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Uterine  Actions.- — Fellner,  1906;  Kehrer,  1907,  and  Lieb,  1014,  showed  that  hydrastix 
hydrastin,  hydrastinin  and  cotarnin  increase  the  tonus  and  excite  rhythmic  contnL>c 
tions  of  the  uterus^  both  m  the  excised  organ  and  in  living  animals.  This  has  been  cow] 
finned  by  the  subsequent  workers;  also  for  the  sur\'iving  human  uterus  (Rucbs&m^ 
and  Kligcrmann,  1912).  High  concentnitioris  relax  (Wendling,  1915).  Berberin  hs 
similar  effects  (Marek,  191 1).  La  Torre,  191 3,  examined  histologically  the  uteri  ^ 
animals  treated  with  hydrastinin.  The  muscular  layers  were  contracted  and  thickcne>c 
compressing  the  larger  vessels,  and  thereby  probably  decreasing  the  blood  supply  of  Lfcj 
mucosa.  Laidlaw  found  the  stimulant  action  of  hydrastinin  and  cotarnin  constant  i 
the  excised  organ,  but  varying  with  conditions  durinc  life.  These  actions  resemt>l 
those  of  the  pituitary  and  ergot  principles;  but  hydrastis  does  not  act  on  the  intestine 
and  very  slightly  on  the  bladder  Synthetic  hydrastinin  appears  to  be  rather  mon 
stimulant  than  the  natural  alkaloid  (Wendling,  1915). 

The  bronchioles  are  not  markedly  afTccted  in  pithed  animals  (D.  E.  Jackson,  19x4). 

Actioas  of  Berberin  and  Canadin.— Berberin  acts  as  a  simple  bitter  in  small  doses. 
Its  bitter  taste  and  the  yellow  stain  which  it  produces  on  linen,  render  it  objectionabfe 
in  the  therajKfutic  use  of  hydrastis.  Berberin  is  about  seven  times  as  active  as  h>'div- 
tin  on  the  circulation;  and  as  hydrastis  contains  about  one  and  one-half  times  as  much 
berberin,  about  85  per  cent,  of  the  circulatory  effect  is  due  lo  this  alkaloid.  Ltip 
doses  lower  the  temperature,  increase  peristalsis,  and  kill  by  central  paralysis  (Cord, 
1892).     It  is  not  excreted,  being  probably  oxidized  completely  (Berg). 

Camdh.  resembles  morphin  somewhat  in  its  action.  It  is  present  in  too  small  1 
quantity  to  be  of  practical  importance.  It  occurs  also  in  xanlhoxylum,  where  its  actioM 
have  been  studied  by  Laidlaw,  1913. 

PREPARATIONS— HYDRASTIS 

Hydrastis,  U.S.P.;  ffydrast.  Rhis.,  B.P.  (Golden  Seal).— The  dried  rhizome  and  roou 
of  Hydrastis  canadensis,  yielding  not  less  than  2.5  per  cent,  of  h>'drastin.  U.S.P  Dost, 
a  gm.,  30  gr.,  U.S.P. 

Hydrastis  was  employed  by  the  Indians,  mainly  as  a  pigment,  but  also  as  medidw- 
It  was  introduced  by  the  eclectics  about  the  end  of  the  eighteenth  century.  The  pknt 
is  becoming  rare,  but  is  easily  cultivate*!  (Hcnkel  and  Klugh,  190^). 

Ext.  flydrasf.,  U.S.P. — A  powdered  extract  with  10  per  cent,  of  hydrastin,  1  Cia. 
representing  4  Gm.  of  drug.     Dose,  0.5  Gm.,  8  gr.,  U.S.P. 

^Fldcxt.  Hydrastis,  U.S.P.;  Exi.  Hydrasl.  Liq.j  B.P.— 2  per  cent,  of  hydrastin;  *t 
alcohol,  L^  0  glycerin,  U.S.P.  Dose,  2  c.c,  30  minims,  U.S.P.;  0.3  to  1  c.c,  5  to  15  iiu> 
ims,  B.P. 

Glycer.  Hvdrtui,,  U.S.P.^ — .\bout  i .  25  per  cent,  of  hydrastin.     Dose,  a  c.c,  30 
U.S.P. 

Tr.  Hydrast.,  U.S.P. — 20  per  cent.     Dose,  4  c.c,  t  dram,  U.S.P. 

Tr.  Hydrast.,  B.P. — 10  per  cent.     Dose,  2  to  4  c.c,  K  In  i  dram.  B.P. 

Hydrastina.  U.S.P.,  CiiHjiNO».^White  prisms.  Almost  insoL  in  water.  tMi 
10  mg.,  ^'i  gr.,  U-S.P. 

Hydrastin.  Hydrochl.,  U.S.P..  C„Hi,NO»HCl.— White  powder.  Very  sol.  10  vtm 
or  ale.     Dose,  xo  mg.,  ?<§  gr.,  U.S.P.     Maximum  dose,  o.i  Gra.,  iV*f  gr. 

I-ocally,  for  conjunctivitis,  o.i-o.?  per  cent.;  for  gonorrhea,  o.2S-o.s  per  cent. 

Hydrastinin.  Hydrochl.,  U.S.P.,  CnH,,NOjHCl.— Light  yellowish  needles  or 
powder.  Very  sol.  in  water  or  ale.  Its  aqueous  solution,  especially  when  higUf 
diluted,  shows  a  blue  efHorescence.     Ooity  30  mg.,  H  gr-i  U.S.P. 


COTARIilN 


Cotarnin  salts  (marketed  under  the  name  of  stypticin  and  siyptd 
have  been  tried  locally  and  syslemicaUy,  to  arrest  bleeding.  especiaUv 
menstrual  disorders.     Their  employment  was  based  on  very  weak  clinical 
and  exi>erimental  data,  which  do  not  stand  critical  examination.     Il  has 
no  rational  use. 

Use  Against  Hemorrhage. — The  older  data  were  discussed  rather  fully  in  thi    ;  .; 
edition  of  the  Manual.     Since  then,  careful  experiments  by  HanzUk.  iqiK,  have  tl* 
strated  that  cotarnin  is  not  a  local  hemostatic.    Systemically,  it  tends  to  lower  b)(» 
pressure,  and  thus  indirectly  somewhat  decreases  bleeding. 


COTARNIN 
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Genfrai  Symptoms. — K.  Mohr,  1905,  found  that  0.1  to  0.2  Gm.  per  kilogram,  in 
rabbits,  dogs  or  cats  produced  oiily  some  lassitude  and  drowsiness.  Larger  dosvs  hud  a 
pronounced  sedative  action,  especially  in  cats  and  dogs.  Aui^ia  was  also  pronounced. 
With  fatal  doses,  these  etlecls  were  followed  by  some  excitement,  then  progressive 
p&ral>Vi5  till  dcuth.  Toward  the  end,  the  respiration  became  verj*  slow  and  shallow, 
sometimes  inlemiptcd  by  asphyxial  convulsions. 

Laidlaw.  igio,  on  guinea  pigs,  describes  indefinite  depression  of  the  central  nervous 
swttm  and  death  by  p»aralysis  of  the  respiratory  center.  Relatively  small  do&e^  slowed 
UK  rtqiiralion,  without  change  of  depth. 

Fatal  Doir. — This  ranges  from  about  0.1  Gm.  per  kilogram  for  guinea  pigs  (Laidlaw) 
too.3100.4  Gm.  per  kilogram  for  rabbits,  and  even  higher  for  dogs  and  cats  (Mohr). 

VUrinf  Co tttr actions. ^Kchrci,  1907,  found  that  cotarnin  stimulates  the  uterus, 
both  excised  and  in  situ,  pregnant  or  non-pregnant;  increasing  the  contractions  and 
lonui.  This  has  been  confirmed  for  the  e.xci«ed  organ  by  all  subsequent  workers 
fLaidlaw,  igio;  Ruebsamenand  Kligermann,  igi2;Lieb,  1914).  The  results  in  situ  arc 
contradictory.  Kehrer's  stimulant  effects  were  obtained  with  cats.  With  a  pregnane 
rabbit,  Mohr,  1905,  obtained  no  stimulation.  Laidlaw,  1910,  also  found  the  results  on 
living  rabbits  negative,  whilst  the  excised  organ  responded.  La  Torre,  191 2,  obscr\'cd 
no  histologic  evidence  of  contraction,  such  as  is  seen  after  ergot  and  hydrastinin. 
Chiappc  and  Ravano  found  that  the  pregnancy  of  guinea  pigs  was  not  affected  by  toxic 
•loses;  and  that  even  fatal  doses  produced  no  uterine  abnormalities. 

The  clinical  data  are  in  harmony  with  these  negative  results.  AH  reporters  agree 
that  cotarnin  never  provokes  uterine  pains,  even  in  late  pregnancy;  that  it  does  not 
IkA^ten  the  involution  of  the  uterus;  and  that  it  has  no  mlSuence  on  postpartum 
heitiorrliage. 

Mohr  claimed  that  cotarnin  depresses  the  excitability  of  the  uterus  to  h>'pogastric 
simulation;  but  his  conclusion  appears  to  be  based  on  a  single  very  imperfect  e.vperiment 
"nth  enormous  doses,  and  must  therefore  be  rejected. 

It  appears,  from  all  this,  that  cotarnin  stimulates  the  excised  uterus,  on  local  con- 
^ct,  but  that,  witli  systemic  administration,  the  uterus  does  not  respond,  at  least  in 
rabbits;  and  certainly  not  with  therapeutic  doses  in  the  human. 

Oi)uT  Smooth  .Wuir/ri-.— f)ffergeld  quotes  contraction  of  the  intestines  and  bladder; 
hut  Laidlaw  found  the  bladder  irresponsive. 

SyiUmic  Circulntion. — Intravenous  injection  produces  variable  changes  in  the 
Wood  pres.sure;  sometimes  a  fall ;  or  a  momentary  fall  followed  by  a  slight  rise  (Kehrer, 
^007,  I^dlaw,  joio;  Lieb,  IQ14).  If  the  vagi  were  divided,  the  rise  is  more  prominent 
(Pilchcrand  Sollmann,  1915).  The  vasomotor  center  is  not  affected  directly,  but  may 
•»  itimulatcd  by  the  slowed  respiration  fPilchcr  and  Sollmann);  and  this  probably 
*'coUDts  for  the  rise.  The  fall  of^  pressure  apjiears  to  be  cardiac;  for  the  LangendorfT 
^fl  is  slowed  and  weakened  (laidlaw).  Kehrer  and  Heinz  also  consider  the  fall 
caniijw. 

This  diminished  output  of  the  heart  has  been  credited  with  causing  a  hemostatic 
*ff«l;  but  this  is  most  improbable.  There  is  no  evidence  that  it  occurs  with  ihcra- 
I**ilic  doses;  and  even  witn  the  experimental  doses,  it  is  loo  slight  and  especially  too 
**Weaccnt,  to  influence  a  persistent  hemorrhage. 

Dktict  Actitm  on  Systtmir  Arterioles. — All  the  earlier  investigators  (Kalk,  Marfori 

Roo&se)  affirm  that  cotarnin  has  no  effect  on  the  arterioles,  with  systemic  admin- 

This  has  been  confirmed  by  the  negative  results  of  perfusion  experiments 

r,  leg).     The  positive  results  of  direct  contact  with  strong  solutions  have  no 

on  this.     Cotarnin  does  not  produce  the  gangrene  changes  characteristic  of 

lohr). 

Cwi%ulalion  of  Blood. — This  is  not  affected,  whether  the  cotarnin  is  added  directly 

*•' the  blocKl.  or  injected  into  the  animal  (Laidlaw;  Marfori), 

Doxage  and  Adminlstraii^tn. — The  cotarnin  salts  were  used  by  mouth  or  h>'po- 
otrmically.  The  intramuscular  dose  is  0.25  to  0.5  Gm..  as  10  or  20  per  cent,  solution, 
Jn^^trd  daily  as  needed.  The  injections  are  not  irritant.  By  mouth,  the  dosage  is 
"oin  0.05  to  o.r  Gm.  four  to  five  times  daily. 

Side  Actions. — None  have  been  reported  from  oral  administration  or  from  hyTV)- 
*"nBic  injections  of  0.5  Gm.  OfTergeld  found  s<ime  lassitude  with  0.7  Gm.  and  a  single 
****  of  temporary  collapse  with  0.65  Gm.  by  intramuscular  injection. 

PREPARATIONS — COTARNIN 

Cotamina  HydrockloHcum  (CoUrn.  Hydrochl),  U.S.P.  (Stypticin),  C,iHuO»NHa. 
j^wiriea.  bitter,   yellow,   crystalline   powder.     Very  sol.  in  water   or   ale,  yielding 
solutions.     DosCt  0.06  Gm.,  1  gr.,  U.S.P. 
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CANNABIS 

The  tops  of  ihe  hemp  plant  are  somewhat  of  a  pharmacologic  curiosity. 
They  contain  resinous  constituents  (cannabinol)  which  produce  a  peculiar 
psychic  exallalion.  Cannabis  is  employed  as  an  intoxicant  in  the  Orienta 
Therapeutically,  it  is  used  empirically  (Extract  o.oi  Gm.,  *^gr.)  as  id" 
adjuvant  to  other  drugs  in  nervous  headaches,  and  as  a  coloring  agent  for 
corn  remedies.  The  drug  is  of  uncertain  activity,  and  has  no  rational 
indication. 

Intoxicant  Action  in  Man. — The  oriental  use  of  Cannabis  ("Hashish,"  Bhaits;, 
Charas,  etc  i  antedates  histor>-.  It  was  introduced  in  Western  medicine  about  the 
middle  of  the  nineteenth  century.  When  used  as  an  intoxicant,  the  tops  or  resins  are 
made  into  a  confection  or  smoked  mih.  tobacco.  Effective  doses  (3  gr.  of  solid  extract 
of  the  Indian  or  American  drug)  produce  after  about  an  hour  a  stale  of  partial  inebriety 
and  confuiiion,  with  happy  and  tiumorous  tendencies.  Ideas  pass  rapidly  but  discon- 
nectedly, so  that  the  time  seems  very  long.  The  subject  often  has  nallucinations  of 
double  personality.  The  exaltation,  which  seems  to  be  much  more  marked  in  orientals, 
is  succeeded  by  some  irritability^  dozing,  and  complete  recovery  in  five  or  six  boure. 
The  effects  are  modified  by  individual  disposition  ana  surroundings  (Hamilton,  Lescohier 
and  Perkins,  1913).  It  is  stated  that  the  drug  is  not  fatal  even  in  vcrj*  large  doses,,  but 
experience  on  dogs  certainly  shows  thfit  it  presents  some  danger.  The  habit  (o  which 
it  gives  rise  shows  less  cflect  upon  the  alimentary  canal  and  less  marasmus  than  docs 
morphin,  hut  more  often  psychic  alterations,  dulness,  or  mania.  The  clinical  side 
actions  are  described  by  Seifert,  Nebenwirk.,  1Q15,  p.  14Q. 

Cannabis  smoking  is  becoming  prevalent  in  Mexico  and  is  said  to  be  a  national 
menace  in  Brazil.  "Smokers  nearly  always  become  imbecile  In  time**  (T.  S.  Blair, 
iQig). 

Effects  on  Animals. — Dogs  (Di.\on,  iSgg;  exhibit  a  decided  narcotic  cilect.  After 
a  preliminary  ataxia,  excitement,  and  nausea,  the  animals  usually  fall  into  a  deep  and 

Srolonged  sleep,  during  which  the  sensation  of  pain  is  much  diminished,  whilst  the  re- 
exes  persist.  Some  animals  show  acute  mania;  a  fatal  ending  is  not  rare  from  doses 
which  arc  ineffective  in  other  animals,  the  .same  preparation  t>eing  used.  Considerable 
idiosyncrasy  exists,  and  the  action  is  fairly  independent  of  the  dose.  The  effects  can 
not  \x  obtained  by  hypodermic  administration  (on  account  of  the  non-absorption 
the  resin). 

Rabbits  seem  absolutely  insusceptible  to  the  narcotic  action  of  cannabis. 


PREPARATIONS — CANNABIS 

Cannabis^  \3S.V.\Cantuibis  fndica,  B.P.;  Cannabis,  Indian  Hemp  (Hashish,  Bhi 
Guaza,  Gangja,  Charas,  Momeka,  etc.). — Dosr,  0.06  Gm.,  i  gr.,  U.S.P. 

The  dried  llowering  or  fruiting  lops  of  the  pistillate  plant  of  Cannabis  sativa.    Tbe 
B.P.  requires  that  it  be  grown  in  India;  the  U.S.P.  permits  any  origin,  but  provi( 
that  the  activity  must  be  confirmed  by  lesling  its  narcotic  effects  on  dogs  (Hougfat« 
And  Hamilton,  1907;  U.S.P.  IX).     This  is  necessary  since  different  samples  vary  gitstlfi^ 
And  are  liable  to  deteriorate  rapidly.     If  the  Indian  drug  is  preferred.  Cannabis  Imbc 
may  be  specified;  if  the  American,  Cannabis  Americana.     American  grown  CannAl 
produces  identical  effects  (Houghton  and  Hamilton,  1007  and  igoS),  but  is  general 
only  half  as  active  (Eckler  and  Miller,  1912).     The  preparations,  however,  are  brotigk 
to  the  same  degree  of  activity. 

The  active  ingredient  is  a  resin,  cannabinol  (Kraenkel,  1Q03),  CnHaoO],  which  preseni 
the  appearance  of  a  thick  reddish  yellow  oil,  soluble  in  petroleum  ether,  etc.  (not 
cal  witn  the  commercial  "cannabinol").     This  changes  by  oxidation  to  an  inactive  bl 
pitch.     The  change  accounts  for  the  deterioration  which  the  drug  and  its  preparal 
undergo  in  keeping.     The  deterioration  can  be  prevented  by  excluding  the  air  fMi 
1909'*. 

However,  there  is  some  question  as  to  the  instability  of  the  ordinary  drug,  H. 
Hamilton,  191H,  claims  that  crude  drug  sampler  that  had  been  on  the  shelves  for 
least  14  to  17  years  still  showed  70  per  cent,  of  the  bio-assay  activity  of  the  "standai 
recent  drugs;  and  that  nine  year  old  extract  has  apparently  not  lost  in  activity. 

Cannabis  also  contains  a  volatile  oil   (ttrpenes"),   (^rafllin,  pitch,  etc..  which 
not  concerned  in  its  action.     There  is  no  siwci&c  alkaloid,  but  toe  extracts  may 
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Alkaloid  reaction  from  the  formation  of  cbolin  and  trimcthylamin.  These  are 
Dotcoiinected  with  the  action.  The  freshextract  has  a  beautiful  green  color  (if  prepared 
vithoul  excessive  heat) .  due  to  chlorophyl.  The  active  principle  is  completely  extracted 
by  alcohol,  but  is  insoluble  in  water. 

The  pretended  Isolated  FrincipUs  on  the  market  under  various  names  are  generally 
quite  inactive  (S.  A.  Matthews,  iqoS). 

•£x/.  Cannabis,  U.S.P.;  E:a.  Cannab.  Ind..,  B.P. — A  pUular  alcoholic  extract. 
Dity  10  mg.,  ^i  gr.,  U.S.P.;  16  to  60  mg.,  H  to  >  Ri*-*  B-P-     Maximum  dose,  o.i  Gm., 

Fidfxl.  Cannab.,  U.S.P. — Dose,  0.05  c.c,  i  mimm,  U.S.P. 

Tr  Cannab.,  U.S.P. — 10  per  cent,  of  drug.  />Pif, 0.5  ex.,  8  minima,  U.S.P.  Maxi- 
mum dose,  1.25  C.C.,  20  minims. 

Tr.  Cannab,  Ind.,  B.P. — 5  per  cent,  of  extract.  Dose,  o.j  to  i  c.c,  5  to  15  minims, 
B.P. 

PISCroiA  (JAMAICA  DOGWOOD) 

Thiftdrug  produces  ataxia  similar  to  cannabif;  (Pittenger  and  Ewe,  i(>iQ;bu>assay), 
lad  vas  introduced  as  a  sedative,  hypnotic  and  analgesic  (Ott,  1883;  Nagle,  xS8e). 
However,  it  is  practically  useless  (Tyradc  and  Nelson,  1905]. 

It  contains  a  cr>'Stalline  non-nitrogenous  principle,  **piscidin;"  but  this  does  not 
*eem  to  be  the  bearer  of  the  ataxic  action  (Pittenger  and  Ewe) . 

LACTDCARIUM-  DRIED  LETTUCE  JUICE 

TbbwKS  introduced  by  Dr.  Coxc  of  Philadelphia  in  lygg  as  a  sedative.  Lettuce 
had  some  reputation  as  a  h>'pnotic  in  ancient  times,  but  it  is  probably  undeservxd. 
KeJterbom  took  is  Gm.  of  Lactucarium  without  any  effects.  No  active  principle  has 
^n  determined. 

PREPARATIONS — LACTUCARIUM 

Laciiuarium,  U.S.P. — The  dried  milk  juice  of  wild  lettuce,  Lactuca  virosa.     Dose, 
pGm.,  15  gr.,  U.S.P, 
Syr.  laclucar.,  U.S.P. — 5  per  cent.     Dose,  10  cc,  2H  drams,  U.S.P. 
Tr.  tatiuc^r.,  U.S.P. — 50  per  cent.     Dose,  2  ex.,  j,o  minims.  U.S.P. 

LUPUtm  AND  HOPS 

These  act  as  bitters,  and  have  some  popular  but  exaggerated  reputation  as  hypnotics. 
Bops  ore  the  dried  pistillate  flowers  of  Hamulus  Lupulus.  The  active  prinaplcs  are 
contjiucd  in  email  glands,  which  can  be  separated  as  a  powder,  and  constitute  the 
Upnlin. 

Two  adds  (a-  and  ^-lupnlinic  acids)  are  present.  They  stimulate  the  respiratory  and 
^^pis  centers;  this  is  followed  by  depression.  They  also  depress  the  cardiac  muscle. 
Upuliti  contains  a  further,  unknown,  constituent  which  is  insoluble  in  water  and  a 
Hrong  cardiac  poison.  Power,  Tutin  and  Rogerson,  1Q13,  also  found  a  trace  of  alka- 
l«'l.  All  these,  however,  are  not  active  when  administered  by  the  stomach,  and  are 
l^treforc  not  concerned  in  the  action  of  the  drug. 


PREPARATIONS — HOPS 

Hamulus  (Humid.),  U.S.P.;  Hops. — The  dried  strobiles  of  Humulus  Lupulus. 
^w,  i  Cm..  50  gr.,  U.S.P. 

U^HliH. — Dose,  0.5  Gm.,  8  gr. 

LOCO  DISEASE 

les.  cattle  and  sheep  on  the  Western  stock  ranches  are  subject  to  this  peculiar 
which  bears  some  resemblance  to  drug  habits.     The  symptoms  consist  in  motor 
tion,  forced  movements,  misjudgment  of  distance,  stupidity,  apparently 
natioos.     In  the  chronic  form  there  is  emaciation.     Death  is  preceded  by  coma 
*f^  tT.mvubions. 

The  cause  of  these  conditions  is  obscure.  It  is  generally  attributed  to  feeding  on 
^*ntin  leguminous  plants  ("loco  weeds" — especially  Astragalus).  C.  D.  Marsh,  iqoq, 
^^^ujn  to  hiivc  reproduced  the  condition  (nervous  symptoms,  etc.,  with  exudative 
"ttningilis,  anemia,  etc.)  experimentally  by  very  long-continued  feeding  with  these 
Pj|*nts;  but  H.  T.  Marshall.  1Q14.  considers  the  results  inconclusive,  and  believes  that 
*"ffc  is  no  distinct  loco  disease ;  and  that  the  name  covers  a  variety  of  conditioos — mal- 
'i^triUoa,  parasitism,  etc. — unconnected  with  the  loco  weed. 
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COCAm  GROUP ;  LOCAL  ANESTHETICS 

Actions  and  Uses. — The  alkaloid  cocain  is  important  mainly  a 
local  anesthetic,  paralyzing  the  sensory  nerve  fibrils  on  direct  applicat 
With  dilute  solutions,  its  action  may  be  confined  to  these;  but  higher  < 
centrations  paralyze  all  other  nerve  fibers,  and,  indeed,  all  protopla 
It  also  causes  local  vaso-constriction.  The  pupils  are  dilated  thro 
stimulation  of  the  sympathetic  pupiUo-dilator  mechanism,  both  cen 
and  peripheral. 

When  cocain  is  absorbed  in  sufficient  quantity,  it  produces  com] 
systemic  actions,  involving  stimulation  and  paralysis  of  various  part 
the  central  nervous  system.  These  are  mainly  of  toxicologic  and  scien 
interest.  Its  continued  use  leads  to  the  formation  of  a  habit,  resemb 
morphinism. 

Analogous  local  anesthesias  are  produced  by  a  variety  of  synth 
bases,  which  may  be  used  as  substitutes  for  cocain;  such  as  Procain  (n« 
cain),  alypin,  betaeucain,  apothesin,  benzyl  alcohol;  phenylcarbinol, 
vain;  also  tropacocain  and  quinin-urea  hydrochlorid.  Potassium  salts 
anesthetic  under  suitable  conditions. 

Historical. — Cocain  is  derived  from  the  leaves  of  Erjrthroxylon  Coca,  a  tree  indj 
ous  to  Peru,  Chili  and  Bolivia.  The  leaves  were  chewed  from  time  immemoria 
the  natives  to  relieve  hunger  and  fatigue,  and  to  produce  a  psychic  stimulation,  » 
what  after  the  manner  of  caffein.     It  is  now  cultivated  in  other  tropical  countries 

In  Europe,  trials  with  the  leaves  gave  disappointing  results.  The  discoverc! 
cocain  (Woehler;  Niemann  and  Lossen,  i860)  incidentally  described  its  benum 
action  on  the  tongue,  but  without  realizing  its  significance.  As  late  as  x88o,  a  Br 
medical  commission  reported  on  the  drug  as  merely  a  poor  substitute  for  ca 
(further  details,  J.  U.  Lloyd,  19x1,  "History  of  Vegetable  Drugs,"  and  19x3,  J. 
Pharm.  Assoc.,  2:x242).  In  die  same  year,  Anrep  subjected  cocain  to  a  Uion 
pharmacologic  investigation. 

In  18S4,  the  Vienna  oculist,  K.  KoUer  was  engaged  in  general  pharmacol 
experiments  with  cocain,  and  it  occurred  to  him  that  the  numbing  effect  on  the  to 
was  really  anesthesia.  Bein^  interested  in  ophthalmic  anesthesia,  he  tried  the  <x 
immediately  on  the  eyes  of  animals,  and  then  m  the  clinic,  and  announced  the  disco 
to  the  German  Ophthalmologic  Society  (KoUer,  1920).  Its  practical  value  was  at 
generally  recognized. 

Peripheral  Nerves. — Local  Anesthesia. — ^Loc'al  contact  with  co 
paralyzes  all  forms  of  nervous  tissue,  without  preceding  stimulation, 
susceptibility  of  the  various  nerve  fibers  presents  marked  and  cha 
teristic  quantitative  differences.  Sensory  fibers  are  especially  ea 
attacked;  and  by  using  appropriate  dilutions,  the  paralysb  can  be  confi 
strictly  to  them.  With  sufficient  concentration,  the  paralysis  is  as  c 
plete  as  if  the  nerve  fibers  had  been  severed  with  a  knife.  If  the  alka 
is  washed  away»  or  absorbed,  the  nerve  recovers  its  functions  prom] 
and  completely  (but  very  strong  solutions  may  produce  neuritis  and  ] 
manent  paralysis). 

Since  these  effects  are  strictly  local  it  follows  that  the  cocain  musi 
applied  in  such  a  way  that  an  effective  concentration  will  reach  the  m 
supply  of  the  part  which  it  is  desired  to  affect.  This  may  be  accomplisi 
according  to  circumstances,  by  painting  a  solution  on  mucous  membra 
(from  which  it  is  very  readily  absorbed) ;  or  by  injecting  it  into  or  ut 
the  skin  (infiltration  and  subcutaneous  anesthesia) ;  or  around  or  into 
nerve  trunk  (peri-  or  intraneural  anesthesia) ;  or  around  the  spinal  m 
roots  (subdural  or  spinal  anesthesia).    The  intact  skin  is  prattle 
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impermeable  to  cocain,  although  it  penetrates  slightly  if  the  skin  has  been 
soaked  (Macht  et  al,  1916). 

Duratson  of  Local  Action. — The  onset  and  duration  of  the  anesthesia 
var)'  with  the  concentration  of  the  solution,  and  the  method  of  its  appli- 
cation. Roughly  speaking,  it  starts  in  a  few  minutes  and  lasts  perhaps 
ten  to  thirty  minutes,  with  a  single  application. 

Local  Anemia. — As  the  cocain  is  absorbed  and  thus  removed  from  the 
$iteo(  application,  its  local  action  ceases  and  its  systemic  and  toxic  effects 
start.  Since  cocain  is  rapidly  destroyed  in  the  body,  the  systemic  toxicity 
increases  with  the  rapidity  of  absorption.  It  is  therefore  desirable  and 
often  necessary  to  delay  the  absorption.  This  may  be  done  by  restricting 
ibc  local  circulation.  Cocain  itself  tends  to  do  this  by  producing  a  local 
vasoconstriction — an  action  which  is  not  shared  by  its  substitutes. 
This  vasoconstriction  should  be  reinforced  by  the  addition  of  epinephrin. 
Id  this  way.  more  dilute  solutions  may  be  used,  and  the  anesthetic  effect  is 
much  more  prolonged.  In  suitable  situations,  the  circulation  may  be 
siowcd  by  bandages,  or  arrested  by  temporarily  clamping  the  arterial 
blood  supply. 

iBtemiplion  of  the  circulation  was  introduced  by  Corning  in  1885.  He  showed 
liui  ilufc  makes  ^4  of  Vs  per  cent,  cocain  solution  more  effective  than  the  2  to  10  per 
cent  snlutinns  that  were  then  in  voi^^ue;  and  that  it  greatly  rjiminisbes  the  danger  of 
iwvioing  (H.  Braun,  1914}. 

The  anemia  also  favors  anesthesia  directly;  ligation  of  a  large  artery  in 
itself  produces  anesthesia  of  the  nervous  end  structures. 

When  a  large  quantity  of  dilute  cocain  solution  is  injected  under  pres- 
fure,  as  in  the  infiltration  anesthesia,  the  cocain  action  is  reinforced  by 
a,  pressure,  and  edema. 

Comparison  of  Anesthetic  Efficiency:  This  may  be  attempted  by  a 
Qumber  of  experimental  methods.  In  transferring  the  results  to  clinical 
problems,  the  conditions  of  the  clinical  use  must  be  borne  in  mind  (SoLl- 
oiann,  1918). 

InU^utaneous  Injection  (ihe  "wheal"  or  "quaddel"  method  of  R  Braun),  ob- 
sminu  cither  the  duration  or  better  the  threshold  vplues  of  the  anesthesia.  This 
''produces  practically  the  conditions  of  infiltration  and  of  injertion  anesthesia.  When 
['"nbintd  with  epinephrin,  it  also  mcasua*5  absolute  anesthetic  efficiency.  The  ratio 
W  tbts  method  is  as  follows: 


^,  J 

^Httmi 

^    Co 


Efficiency 
ratio 

4. 
H 

Cocain,  procain,  iropacocain  and  al>'pin 

hydrochlorids 

Beta-cucain  hydrochloride  apothesin 

r. 

Quinin-urea  hydrochlorid 

Antipyrin,  potassium  sulphate 

^ 

^rhe  lUKcptibility  of  different  skin  areas  varies,  even  in  the  same  neigh t>orhood,  so 
^ordftnt  results  arc  sometimes  obtained. 
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The  solutions  should  be  approximately  isotonic  (3.5  per  cent,  or  higher,  com- 
spending  to  0.55  to  3.5  per  cent.  NaCl).  Stronger  and  weaker  solutions  arc  first 
irritant,  then  anesthetic,  e\'en  when  indifferent  salts  are  used  (Braun,  1914).  More 
dilute  solutions  should  have  about  0.5  per  cent,  of  KCl  added  (H.  BrauTii. 

Mucotis  Membranes. — The  skin  of  the  frog's  foot  is  most  convenient;  but  rabbit's 
cornea  corresponds  more  closely  to  clinical  conditions.  However,  it  must  be  rcnKin- 
bcrcd  that  the  absorbability,  and  therefore  the  ratios,  would  differ  for  various  muco&r. 
The  results  on  the  cornea  are  as  follows: 


4 

8 

10 


TropacQCuin^  alypin  and  quininurea  hydrochlorid 


Apothcsin  hydrochlorid 


Procain  hydrochlorid 


Antipyrin,  KG 


Sensory  Nerve  Fibers  of  Frogs. — These  may  be  tested  through  reflexes.     Thei 
correspond  to  the  conditions  of  "nerve-blocking." 


Cooun,  procain  and  tropacocain  hydrochloride 


Al>'pin  hydrochloridj  KCl 


Quinin-urea  bydrocblond 


AnUpyrin 


Paralysis  oj  the  Motor  fibers  of  Ifie  Excised  Nerve  Trunks  of  Frogs. — This  f^y 
concordant  results  of  scientidc  interest;  but  since  these  cannot  be  transferred  to 
paralysis  they  are  of  no  cUoical  value. 


H 


Cocain,  procain  and  tropacocain  hydrochlorids 


Alypin  h\'drochlorid 


KCl 


Quinin-urea  hj'drochlorid  and  antipyrin 
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The  Selective  Action  of  Cocain  on  Motor  and  Sensory  Fiber. — When  a.  }^  to  2  per 
cent.  »lution  of  cocain  is  injected  into  a  mixed  ner\'c,  or  into  the  subdural  canal,  ihc 
irt«:iive  action  is  very  marked,  so  that  there  is  complete  anesthesia,  without  motor 
iapairment.  If  the  contact  is  prolonged,  by  slopping  the  circulation,  or  if  stronger 
lohitions  are  employed,  the  motor  fibers  become  paral>*zed,  so  that  the  difference  is 
merely  quantitative.  A  similar  difference  in  the  susceptibility  of  motor  and  sensory 
stjuctures  e.\ists  also  for  the  alcohol  group,  aconitin,  phenol,  hydrocyanic  acid  and  for 
Tire»ure  tLucdvitz) ;  and  even  for  the  centrally  acting.narcotics,  ethtjr,  etc.  It  is  there- 
fore 1  characteristic  of  ner\'Ous  tissue  rather  than  of  cocain. 

Cocain  is  Less  Effective  in  Inflamed  Tissues, — This  may  he  explained  by  the  hypere- 
mia, rcsuiting  in  more  rapid  iibscpfption. 

Peripheral  Paralysis  of  Special  Sense  Nerves. — Cocain  abolishes  not  only  the  sensa- 
tion of  pain,  but  other  special  sensations,  if  it  is  suitably  applied.  Here  also  there  is 
vimc  selection.  In  the  skin,  it  paralyzes  the  sense  of  pain,  temperature  and  tickling, 
before  touch  and  pressure  (noldschcider).  In  thf  nose,  it  abolishes  the  olfactory  sense. 
On  the  tongue^  it  destroys  the  taste  for  bitter  substances,  but  has  less  effect  on  sweet  and 
sow  taste,  and  none  on  Siilty  taste. 

Sdective  Action  on  Other  Nerves. — When  cocain  is  applied  to  the  appropriate 
nerves,  it  is  found  that  the  centrifugal  vagus  fjbers  are  paralyzed  before  the  centripetal; 
■vasoconstrictor  fibers  before  vasodilator;  bronchial  constrictors  before  the  dilators,  etc. 
^Duon,  1004). 

Visceral  Pain. — The  abdominal  viscera  arc  sensitive  to  pain  in  normal  animals;  but 
tic  sensation  is  abolished  by  cocain,  even  when  small  doses  (0.7  mg.  per  kilo^ramj  are 
uijected  at  a  distance;  for  instance,  into  the  pectoral  muscles  (Kast  and  Meltzcr,  iqo6- 
agog).  This  special  anesthesia  lasts  about  half  an  hour.  The  insensitiveness  of  viscera 
in  surgical  operations  under  cocain  anesthesia  is  thus  explained.  The  effect  is  prob- 
ably central,  for  the  animals  are  greatly  quieted,  although  general  sensation  is  not 
impaired. 

Nature  of  Action. — Of  this,  little  is  known,  except  that  it  is  purely  functional.  No 
structural  changes  are  discoverable  in  the  ner%'e  fibers. 

Carbon  Dioxid  Production  in  Nerve. — Niwa,  1919,  investigated  this  on  frog's  sciatic 
"wrve  by  the  Tashiro  method.  He  found  the  same  eflfects  from  cocain  as  from  the 
^iphatic  narcotics:  Subanesthetic  concentrations  increased  the  production.  With 
anesthetic  concentrations,  this  increase  xvas  short  or  absent,  the  main  phenomenon 
firing  decreased  production. 

Site  of  Action.— Cocain  can  paralyze  the  nen'e  fibers  anywhere  in  their  course, 
^hcTCvcr  il  is  brought  into  contact  with  them.  \F\Tten  it  is  applied  to  mucous  mem- 
Hues  or  hypodcrmically.  it  doubtless  selects  the  portions  peripheral  to  the  main 
^nks,  the  thinner  sheath  of  the  terminal  fibrils  facilitating  its  penetration.  It  is 
Iterel'nrc  unnecessary  to  assume  a  selective  action  on  the  histological  sensory  endings. 

Penetration. — It  is  quite  possible  that  its  selective  action  on  different  nerve  fibers 
"■ay  alto  depend,  in  part,  on  differences  in  penetration. 


' 


Alkalinization.— The  addition  of  sodium  bicarbonate  increases  the 
efficiency  of  the  local  aneslJietics  2  to  4  limes,  for  direct  application  or 
injection  into  nerve  trunks,  and  probably  for  subdural  injection  and  on 
application  to  mucous  surfaces.  This  is  due  to  the  easier  penetration  of 
l^  free  anesthetic  bases,  as  compared  with  their  salts  (0.  Gros,  1910;  A. 
^«wcn.  1910;  1912;  SoUmann,  1918).  This  does  not  apply  to  hypodermic 
*nd  intradermic  injections,  since  these  do  not  require  f)enetraiion. 

For  aiJ  other  purposes,  the  usual  solutions  of  the  anesthetic  salts  may 
*JC  mixed  with  an  equal  volume  of  0.5  per  cent,  sodium  bicarbonate  solu- 
l"Hi.  without  loss  of  efficiency,  and  with  a  saving  of  one  half  of  the  anes- 
ll^iic,  and  correspondingly  smaller  danger  of  accidents.  These  mixtures, 
l*^»ever,  do  not  keep  well,  and  must  be  made  just  before  use  (SoUmann, 

Combination  of  Anesthetics. — The  eflSciency  of  mixtures  of  the  local 

^'^^'hfiics  corresponds  lo  more  or  less  complete  summation  without  any 

iaiioD   (except  potassium,  see  below).    That  is,   if  solutions  of 

"j'Ttnt  anesthetics  are  diluted  until  they  are  "just  effective,"  then  a 

•^wiure  of  any  two  of  these  solutions  will  also  be  "  j  ust  effective,"  no  more 
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and  noless  (A.  Schmidt,  1913;  Sollmann,  igi8).    There  would  therefore 
be  little  or  no  practical  advantage  in  such  mixtures. 

Potassium  Synergium. — Potassium  salts  may  give  considerable  potentiation  witb  the 
other  anesthetics  (Hoffmann,  A,,  and  Koebmann,  1912,  1914).  However,  this  seems 
to  hold  mainly  for  motor  fibers,  and  not  for  sensory;  and  therefore  hasUlUcpracticil 
importance  (Sollmann,  igiS).  Ope  per  cent,  potassium  chlorid  could  be  used  withsomf 
advantage  in  place  of  sodium  chlorid,  for  making  up  isotonic  anesthetic  solutions  I'M 
Braun,  1913). 

Epinephrin-Anesthetic  Combinations-^H.  Braun,  1903,  coafinned 
that  the  anesthetic  effect  of  coacin  injections  is  greatly  improved  by  the 
addition  of  epincphrin  (about  1:50,000).  The  duration  of  the  anesthesia 
is  prolonged  for  over  an  hour  and  therefore  the  effective  concenlralion 
can  be  considerably  lowered,  and  the  danger  of  poisoning  almost  abol- 
ished. These  results  are  due  to  the  vasoconstriction,  which  practically 
arrests  absorption  into  the  circulation. 

The  greatest  field  for  ihc  epincphrin  combination  is  in  connection  witb 
operations  involving  bleeding.  The  epinephrin  is  useless  on  the  iniaft 
cornca>and  probably  also  for  intravenous  or  subdural  injections  (Soll- 
mann, 1918). 

Epinephrin  is  similarly  efficient  with  procain  and  af)othesin.  Its 
effect  is  not  as  pronounced  with  stovain,  and  is  practically  absent  with 
iropacocain,  since  l^  per  cent,  of  this  destroys  the  vasoconstrictor  effect 
of  epincphrin  (Smyth,  191 1).  Beta-eucain  also  counteracts  epincphrin 
(Braun,  1914) 

Cocain  actually  potentiates  the  epinephrin  constriction  (Braun,  1914)  even  with 
very  small  concentrations  of  coaiin  (Fischcl,  1915).  Cocain  therefore  increases  the 
pressor  effect  of  epinephrin.  This  applies  also  to  the  synthetic  local  ancslhcCKS 
(EggleMon  and  Hatcher,  1919). 

Epincphrin  is  not  directly  aneslkeik  either  alone  or  in  combination  with  cocaio;  for 
it  does  not  increase  tlie  anesthetic  effect  when  the  circulation  lias  previously  brcQ 
arrested;  nor  docs  it  lower  the  threshold  concentration  in  wheals,  although  the  dunilioa 
of  the  ancsthef^ia  is  greater  for  a  given  conceniralion  (SoUmann,  1918). 

Local  Vasconstnctor  Actioa. — The  application  uf  cocain  to  mucous  mcmbiai 
particularly  the  inflamed  conjunctiva,  constricts  thv  capillaries  and  small  arteriok^] 
resulting  in  blanching,  astringent  sensation,  and  actual  contraction  of  va&cular  forr 
tions,  such  as  polypi.     The  cocain  substitutes  do  not  possess  this  action*  many  of 
dilate   the  vessel  (atypin,  cucain,  stovain);  procam  has   no  effect  (Impcns,   iQOSS 
Gros.  1 910). 

The   analysis  of   the   coastrictt)r  action  of  cocain  has  given  contradictory  result 
Since  the  action  is  local,  it  must  be  peripheral.     However,  direct  perfusion  of  the  v*i 
is  either  ineffective  or  produces  dilation,  never  constriction;  nor  does  cocain  countct 
the  dilator  effect  of  nitrites  (Kuroda,  191  5).     The  constriction  can  not  be  expUined 
anesthesia,  since  other  local  anesthetics  do  not  constrict. 

Effct  on  Capillary  Hemorrhage. — Cocain  i&  distinctly  hemostatic;  procain,  apol 
and  other  synthetic  anesthetics  tend  rather  to  increase  bleeding. 

Anesthesia  by  Ischemia. — Persistent  interniplion  of  the  blood  supply  of  a 
gradually  induces  anesthesia.     However,  this  requires  hour^  and  therefore  has  no  dii 
share  in  cocain  anesthesia.     Indirectly,  limitation  of  circulation,  including  local 
is  important  by  delaying  absorption. 

Effect  of  Temperature  on  Local  Anesthesia. — With  the  frog's  nerve,  this  differs  for 
various  types  of  anesthetics;  cocain,  salicylamid  and  nionaretin  arc  more  effecti%-t 
cooled  ner\*cs;  whilst  alcohol  and  chloral  are  more  effective  on  heated  nerves.    This! 
robably  connected   with   differences  in   solubility,   i.e.,   the   "partition-coeffickal 
H.  Moral.  1918). 

General  Tojricity  to  Protoplasm. — Cocain  is  a  typical,  if  rather  weak,  protopl 
poison,  paralyzing  all  !»orts  of  cells>  without  producmg  any  gross  chemical  changes. 
IS  toxic  to  the  lower  forms  of  animal  life  (infusoria,  etc.);  but  has  tittle  effect  on  bactc 
or  on  ferments. 
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Precipitation  of  Proteins  and  Astringeacy. — NciUier  cocain  nor  the  syathclic  local 
loesthctics  precipitate  proteins.;  they  arc  therefore  not  astringent  in  the  ordinary 
SMK.  nor  irritant  (isolfmann,  1919;  al>'pin,  aneslhesin,  apothesin  (slightly),  cocain, 
cycloform.  holocain.  orthaform-new,  procain,  propaesin). 

Antiseptic  Action. — Benzyl  alcohol  betaeucain  and  holocain  are  antiseptic;  cocain 
ladprtxrain  are  not  (Macht  and  Salani,  1920). 

least  Growth. — This  is  inhibited  by  small  quantities  of  cocain,  whilst  larger  doaes 
acctlcrate  (Sutnoggi,  1916). 

Toxicity  for  Earthworm  and  Tadpoles. — This  is  not  parallel  to  the  toxicity  for 
irommals  (Sotlmann,  1919) 


ACTIONS  OF  COCAIN  ON  THE  EYE 

When  cocain  b  applied  to  the  conjunctiva,  it  produces  local  anesthesia 
(which  may  not  extend  10  the  iris);  local  anemia  (which  extends  to  the 
iiis,  but  not  to  the  retina);  and  submaximal  dilation  of  the  pupil  by 
peripheral  sympathetic  stimulation.  The  mydriasis  occurs  also  on  sys- 
temic administration.  The  accommodation  is  impaired,  but  the  light 
Tt&tx  is  preserved;  there  is  some  exophthalmos.  The  intraocular  pressure 
ts  usually  lowered,  but  may  be  increased.  The  mydriasis  and  its  asso- 
ciated phenomena  are  not  produced  by  most  of  the  cocain  substitutes. 

Injury. — Cloudiness  and  even  ulcers  of  the  cornea  sometime  follow 
i-be  application  of  cocain;  Lhey  are  explainable  by  the  drying,  and  the  irri- 
lation  of  dust  and  other  foreign  matters  which  are  not  perceived  on  account 
oi  the  anesthesia,  and  the  abolition  of  the  winking  reflex.  The  protoplas- 
mic toxicity  may  have  a  part  in  their  production. 

Uxiclive  Irritation  of  Conjunctiva  by  Various  Anesthetics. —  Experimental  data  are 
giyen  by  Closaon,  1914.  It  is  difficult,  however,  to  estimate  degrees  of  irritation  on 
^nimaU. 

The  Cocain  Mydriasis. — This  differs  in  important  respects  from  the  atropin  mydria- 
«*;vifiih  atropin.  the  dilation  is  greater;  the  light  reflex  is  lost;  the  intraocular  tension  is 
^^y«.  raisea;  exophthalmos  is  absent.  The  pupil  does  not  react  readily  to  pilocarpin 
Wmuscarin,  whilst  these  constrict  the  cocain  pupil  easily. 

These  differences  point  to  a  different  mode  of  action.     In  effect,  atropin  paralyzes 

tficfKulumotor  Cconstrictori  endings,  whilst  cocain  stimulates  the  sympiithetic  (dilator) 

'Kfcbani&mj  for  when  the  sympatlielic  fibers  have  degenerated  (eight  days  after  extir- 

pi'ion  'if  the  superior  cervical  ganglion)  ordinary  doses  of  cocain  cease  to  be  effective 

'irg.  i8g2;  Schultz,  iSpgl.     Dilation  may  still  occur,  however,  with  large  doses 

rcial  conditions.     Simple  (postganglionic)  division  of  the  s>'TnpathctJc  does 

Ltcly  abolish  the  cocain  reaction;  the  stimulation  must  therefore  involve 

'<■;  but  since  the  dilation  is  not  as  strong,  it  would  seem  that,  ordinarily,  the 

center  is  also  concerned  (SchulLc.  iSgSJ. 

I'lHRlinary  conditions,  the  cocain  pupil  continues  to  respond  to  oculomotor 

ihowing  that  the  constrictor  mechanism  is  not  paralyzed.     Prolonged 

[ipi  ft  5  per  cent,  solution,  however,  also  paralyzes  the  oculomotor  endings. 

.KSCOdLln  produces  no  dilation,  whereas  in  frogs  it  is  very  marked. 

Cfclopleg^ — This  begins  in   five  or  ten  minutes.     The  maximum  is  reached  in 

liirty  fninutrjn  and  lasts  ten  to  fifteen  minutes;  the  normal  is  restored  in  one  and  onc- 

.1"  ■  I  hours.    The  accommodation  is  merely  disturbed  by  a  drop  of  fi  per  cent- 

(*'  I  '-  onccntrations  paralyze  it  cumpletely.     The  mydriasis  develops  s^'imewhat 

^  ly  .ind  is  morr  lasting  (llomvit/,.  it>i  2),     C.  Wood,  1N9J,  advises  the  addition 

'^w-iin  to  homatropin,  to  paralyse  accommodation, 

rii'r(,<^i/-..iflf  Pressure. — This  may  be  unchanged,  or  raised  or  lowered  (Tourriere. 

i"!'  -.xluclion  is  probably  due  to  the  local  vasoconstriction,  which   would 

the  lymph  flow  into  the  chambers.     This  is  partly  counteracted  bv  the 

which  leads  to  obstruction  of  the  lymph  channeles  by  the  relaxeil  ciliary 

Atropin  ").     This  obstruction  may  predominate,  and  the  pressure  may 

Tncrcaicd,  especially  glaucoma  (Myashita,  i<ji_V- 

tin  and  alypin  act  similarly.     Holocain  is  said  to  have  provoked  acute  glaucoma 
1915).     Tropacocttin  and  acoin  are  probably  inactive  (Bollet  and  Curtil, 
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Retinal  Vessels. — These  are  strongly  constricted  by  cocain(Hirschfelder,  1915).  This 
may  be  responsible  for  the  occasional  occurrence  of  optic  atrophy  (Hamack,  1912). 

Smooth  Muscle. — This  is  generally  first  stimulated,  then  depressed  by  c 
regardless  of  innervation  (constituting  a  fundamental  distinction  from  cpincphrin) 
The  stimulation  is  therefore  not  through  the  sympathetic;  nor  is  it  parasympathetic,  for 
it  is  not  prevented  by  atropin.  It  must  be  exerted  directly  on  the  muscle.  This  applies 
also  to  tlie  synthetic  cocain  substitutes  fWaddell,  1917). 

The  excised  urrJer  is  stimulated  by  both  cocain,  and  procain;  excised  intestine  (rab- 
bits') is  stimulated  by  small  doses  of  cocain  and  depressed  by  large  doses;  It  is  depressed 
by  procain  in  all  concentrations  (Roth.  1917^. 

The  urinary  bladder  (excised)  is  stimulattrd  by  cocain,  less  by  the  synthetic  sub- 
stitutes. Mixtures  of  these  give  simple  summation.  So  docs  pituitnr)'  and  epincphrini 
the  latter  bcin^^  depressant  (\\'addcl!.   1917"). 

Cardiac  muscle  and  the  salivary  glands  are  not  stimulated  (Kuroda,  1915). 

Striated  Muscle. — KubotJi  and  Macht.  1910,  investigated  the  effects  of  cocain  and 
most  of  the  synthetic  substances  (allocain  S.  alypin,  apotbesin.  benzyl  alcohol,  twta- 
eucain,  holocain,  procain  and  stovain).  All  depress  the  excitability  and  coatractibility, 
and  hasten  fatigue.     There  was  no  stimulation,  even  with  small  doses. 

Motor  Endings. — Large  doses  of  cocain  paralyze  these  in  frogs.  This  curare  actioii 
would  not  be  seen  in  intact  mammals. 

Procain  on  Tetanus. — K.  Aleyer  and  Weilcr.  19x6  and  1917,  discovered  clinicaHy 
that  the  intramuscular  injection  of  procain  reta.\es  traumatic  tetanus.  This  has  been 
further  studied  by  G.  Liljestrand  and  Magnus,  1919.  They  found  that  procain  injec- 
tions (*r.j  c.c.  of  I  per  cent,  procain,  per  Kg),  locally  relax  various  kinds  of  tonic  tctani, 
although  active  and  reflex  movements  are  not  affected.  The  relaxing  effect  docs  not 
occur,  with  these  doses,  if  the  posterior  spinal  roots  have  been  cut.  Apparently,  there- 
fore, the  procain  acts  by  abolishing  the  sensory  impulses,  which  help  to  maintain  tone 
and  tetanus.    With  larger  doses,  there  is  a  curare  action, 
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SYSTEMIC  ACTIONS 


These  are  rallier  variable  and  complex,  depending  largely  upon 
the  dose.  Whilst  all  structures  are  first  stimulated  and  then  paralyzed,  the 
susceptibility  to  the  poison  is  not  uniform.  Indeed,  some  portions  of  the 
nervous  system  show  only  stimulation,  death  occurring  before  the  paralysis 
of  these  structures  is  reached. 

Stimulation  of  Higher  Functions. — The  first  effect  is  a  stimulation  of 
the  higher  parts  of  the  brain  (caflfein  action).    This  is  shown  in  animal^H 
by  increased  movement  (sometimes  "circus  movements").     In  man  there  i^| 
some  psychic  slimtiialion  and  wakefulness.     A.  greater  endurance  against 
Jatigue  and  hunger  is  also  noticed. 

How  far  this  may  be  due  to  stimulation  after  the  manner  of  caffein.  or  to  narcosis, 
after  the  manner  of  morphin,  cannot  be  stated.     It  is  not  at  all  unlikely  that  botJ)        r 
play  a  part.     In  regard  to  the  sensation  of  hunger,  it  is  also  probable  that  local  aiic5         \ 
thctization  of  the  stomach  aids  in  the  effect.  | 

The  resistance  to  fatigue  can  be  demonstrated  with  the  ergograph. 

Another  evidence  of  the  stimulating  action  of  cocain  is  furnished  by  the  fact  tlut 
animals  to  which  it  has  been  administered  arc  more  difficult  to  put  and  to  keep  under 
chloroform  or  other  anesthetic.  Mosso,  1887,  and  .Airila,  iqi.^,  find  that  lo  to  40  mg 
of  cocain,  hypodcrmically.  wakens  dogs  or  rabbits  from  deep  chloral  sleep.  The  stimo- 
Ulion  is  greatest  with  excitable  individuals,  and  may  seriously  interfere  with  operations 

Incoordination,  Narcosis,  Convulsions. — The  stage  of  stimulation  mny 
be  very  short  or  even  absent.  With  somewhat  larger  doses  it  is  usually 
succeeded  by  depression,  first  of  the  coordinating  functions.  The  mov^ 
ments  lose  their  purposive  type  and  become  choreic.  This  is  followed 
by  a  general  narcosis:  and  then  by  convulsions.  If  the  paralysis  is  rapiJ. 
the  convulsive  stage  may  not  appear. 

The  Seat  <rf  Ac  Convulsions.  —This  has  not  been  e.xactly  determined.  They,  lik^ 
the  other  effects,  arc  probably  descending,  and  the  different  convulsive  centers  may  b« 
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affected  in  succession.  lo  some  stages  at  least  they  seem  to  reside  exclusively  in  the 
hind  brain.  In  dogs,  they  appear  to  be  coo&Ded  to  the  cerebral  cortex,  for  Felnbcrg 
and  Blumenthal,  1887,  claim  that  they  do  not  occur  after  ablation,  nor  in  new-born 
animals,  in  which  the  conical  motor  centers  are  not  yet  excitable.  Rabbits  deprived 
of  the  hemispheres  do  not  show  the  clonic  convulsions  or  respiratory  effects;  but  they 
do  exhibit  tonic  convulsions  and  "running  movements."  Their  resistance  to  toxic 
dotics  is  increased  (Morita,  IQ15). 

Central  Phenomena  in  Frogs. — These  show  at  first  symptoms  of  stimulation  by 
increase  of  ihe  voluntary  movements  and  exaggeration  of  the  reflexes,  sometimes  leading 
lo  convulsions.     This  is  followed  by  paralysis  of  the  whole  central  nervous  system. 

Spinal  Cord. — In  frogs  from  which  the  brain  has  been  removed,  cocain  causes  at 
drst  an  increase  of  the  reflexes,  then  convulsions,  and  finally  total  paralysis.  In  intact 
immals  this  effect  is  obscured  by  the  action  on  the  higher  centers  of  the  nervous  system. 

The  results  of  applWng  cocain  directly  to  the  cord  will  be  considered  later. 

Respiration. — This  is  at  first  accelerated.  During  the  spasms  it  is 
irregular.  The  volume  then  diminishes.  It  may  assume  the  Cheyne- 
Siokes  type.  Respiratory  paralysis  is  the  usual  cause  of  death.  This  is 
also  the  5r&L  center  to  fail  when  the  cocain  is  applied  locally  to  the  fourth 
ventricle. 

Roth ,  1 9 1 7 ,  found  tha  i  small  doses  of  procain  also  increased  the  respira- 
tion; large  doses  being  depressant. 


Res^iralbr)  Cenler. 
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% — Dt^trtm  of  th*  Aftiomi  of  Cocain  on  Fupiration  and  Circulation.     (A  riM  oF  the  curve 
■ignifief  an  increase  or  stimulation;  a  fall,  tbe  rovcroc.) 

Excised  btonckial  muscle  is  somewhat  dilated  (Trendelenburg*  1912). 

Emesis. — The  vomiting  which  frequently  occurs  [in  cocain  poisoning 
is  perhaps  due  to  the  medullar^'  stimulation,  but  its  mechanism  has  not 
^n  fully  investigated. 

Circtilation. — The  effects  of  cocain  on  the  general  circulation  are  partly 
t^tral,  partly  peripheral.  They  vary  according  to  the  dose,  as  shown 
^iiagrammatically  in  Fig,  9.  They  are  also  influenced  by  individual 
snsceptibility. 

The  typical  efiFects  are  as  follows: 

('rry  smalt  dosrs  diminish  thf  p%tls€  rate,  by  stimulation  of  the  vagus  center  (Vulpian, 
1)     There  is  a  quick  rise  of  blood  pressure  from  stimulation  of  tbe  vasomotor  center; 


islollowed  by  a  temporary'  fall  due  to  the  slowing. 

"Mrrai<  dosts  qukken  the  pulse,  mainly  by  central  and  peripheral  dcpressioi: 
|v.  Anrep,  x88o)  with  some  stimulation  of  the  accelerator  center  (Mosso, 
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The  prtssure  rises  (v.  Anrep)  from  siimulAtJon  of  the  vaftomotor  center  (Bcrthold,  i8ft;) 
aided  by  the  faster  heart  rate.  The  vasomotor  factor  is  predominant,  for  the  rise  i 
practicadly  absent  if  the  cord  is  cut. 

Large  dosfs  rausc  a  grmt  Jail  of  pre  t  mi  re  and  slow  and  weak  pulse  (v.  Anrep),  from  \h> 
depression  of  the  medullary  centers  (collapse)  and  of  ihc  cardiac  muscle. 

Actions  on  Heart  Rate. — This  demands  some  lurther  discussuon:  The  slowini  fron 
small  doses  docs  not  occur  if  the  vagi  have  been  cut.  so  that  it  is  of  central  origin.  Th< 
quickening  from  moderate  doses  is  also  less  marked  if  the  vagi  have  been  divided,  m 
that  it  is  probably  due  in  part  to  a  depression  of  the  vagus  center.  The  vagus  gan^ 
arc  also  depres.sed,  for  electrical  stimulation  of  the  vagus  trunk  is  only  partly  succesfilu 
(v.  Anrcp,  t88o).  In  the  frog  these  ganglia  can  be  paralyzed  completely  by  the  loca 
application  of  cocain,  but  in  the  intact  mammal  the  paraly«s  is  not  complete.  Some 
quickening  occurs,  however,  even  when  the  vagi  have  been  <livided,  but  none  is  «cn 
if  the  accelerators  have  also  been  cut.  The^na/  slotting  is  due  to  direct  paralyas  of 
the  muscle,  for  it  is  accompanied  by  weakening  of  the  contraction,  and  it  occurs  tfler 
atropin,  and  in  the  excised  heart. 

Cocain  also  stimulates  the  cardio-inhibitory  center  when  perfused  ikrouik  tin 
medulla  of  the  turtle  (Bush,  igjo). 

The  Excised  I  Langendorff )  Mammalian  Heart. — This  has  been  investigated  by 
Hedbom,  iSqo;  Kochmann  and  Daels,  iooS;and  Prus.  1913.  Low  concentrations  slow 
and  strengthen  the  contractions;  higher  concentrations  cause  slowing  and  weakening 
fatal  concentrations  give  diastolic  arrest.  Kuroda,  igis.  observed  no  stimuUtioD  10 
excised  hearts  of  mammals  or  frogs. 

The  excised  frog's  heart  is  stimulated  by  small  concentrations  (Mosso.  i8<)o),  wd 
depressed  by  high  concentrations.  The  terrapin's  heart  is  similarly  afiectcd  (H.  C. 
Beyer,  1885). 

Roth,  igi/,  describes  decreased  rate  and  diminished  systolic  excuniions  for  both 
cocain  and  procain.  Kuroda,  1015,  on  perfusing  the  heart  with  1:50,000  of  coaio 
observed  typical  heart-block  with  i  :  i  rhythm.  This  was  prevented  by  atropin  (i> 
5000)  or  epincphrin  (r ;  5,cx>o,ooo). 

The  enects  on  blood  pressure  have  been  described  mainly  by  Ott,  1874;  v.  Anrep, 
1880;  Vulpian;  Mosso.  iSgo,  and  Keichcrl,  i8gi.  The  comparative  effects  of  cocim 
and  procain  have  hecn  investigated  on  dogs  by  Kamcnzove,  191 1.  Roth  (iyi7) 
found  that  both  drugs  increase  the  blood  pressure  in  small  doses,  and  lower  it  whengnrTi) 
in  large  doses. 

Splanchnic  Circulation;  Influence  on  "Shock." — The  intravenous  injection  of  cooin 
has  a  very  pronounced  effect  on  the  splanchnic  circulation.  The  intestines  appctf 
unusually  pale.  HumlUiig  of  the  viscera  and  other  measures  of  "shock"  which  causf  1 
splanchnic  dilation  and  consequent  fall  of  blood  pressure  in  normal  animals,  ha\T  1«» 
or  no  effect  after  cocain.  Burning  and  stimulation  of  the  sciatic,  which  cause  a  dvdf 
pressure  normally,  arc  also  tncfFcctivc  (Crile,  iqoi).  ¥6r6,  IQ06,  on  the  other  inad, 
claims  that  Ic^cal  anesthesia  (by  cocain,  its  substitutes,  or  freezing)  docs  not  abolish  the 
depressant  reflexes  (decrease  of  muscular  work,  of  sharpness  of  vision,  etc.);  these  occ»r 
from  pri]M:edures  which  would  ordinarily  be  painful,  even  when  the  sensation  of  pun  i^ 
eliminated. 

Cerebral  Circulation. — This  is  increased  by  cocain,  and  still  more  by  proalA 
(Fratikfurther  and  lltrschficld,  igio).  The  vessels  of  the  retina  and  pla  mater  am 
conslrirtcd  fHirschfcldcr,  igts). 

The  urine  flow  is  generally  diminished,  but  sometimes  increased,  depending 
on  the  vasomotor  effect. 

Temperature.  —Cocain  causes  a  rise  of  temperature,  due  esscnl 
lo  increased  heal  produclion,  and  this  largely  from  muscular  excite 
(see  chapter  on  **Heat  Regulation"). 

Effects  on  Metabolism. — In  rahlnts,  large  doses  of  cocain  cause  rapid  lo^  of  wt^ 
The  quantity  of  urine*  its  specific  gravity,  and  particularly  the  urea,  arc  dimii 
whilst  the  incompletely  oxidixed  (extractive)  nitrogen  is  increased.     During  rrcow 
the  quantity  of  urine  returns  promptly  to  normal  or  above;  the  disturbances  of 
nitrogen  metabolism  persist  for  some  time  (Maestro,  1904). 

The  effects  of  repeated  injtciion  on  dogs  have  been  investigated  by  Underbill  and 
igi?:  Doses  of  10  mg.  (per  kilogram)  produced  no  change  in  fat  or  nitrogen  metabol 
15  mg.  gave  a  slight  impairment  of  fat  utilization,  ancj  considerable  decrease  of 
weight;  ao  mg.  markedly  decreased  the  nitrogen  and  fat  utilization.     The  nit 
balance  may  become  negative.     I.ACtic  acid  excretion  was  markedly  increased  in 
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MdoK,  but  not  in  stttr\'ation  -the  increase  being  probably  Hue  to  the  muscular  activ- 
ity.  The  ammonia  output  bore  little  relation  to  the  lactic  acid. 

Blood-sugar. — This  is  not  changed  (cats,  15  to  35  tng.  per  kilogram),  except  as  a 
nsnit  of  excitement  (Schaer,  1915). 

Sympathetic  Stimulation. — The  symptoms  of  cocain  poisoning  corre- 
spond to  stimulation  of  the  sympathetic  system;  i,e.  they  are  analogous 
locpinephrin,  although  the  analogy  is  not  perfect.  The  real  synergism  of 
the  two  drugs  extends  to  these  sympathetic  effects. 

The  sympathetic  symptoms  consist,  for  instance,  in  the  mydriasis  and  slight  exoph* 
llulmos;  constriction  of  the  car-vessels;  erection  of  hair;  relaxation  of  intestines.  In 
rabbits,  these  are  produced  by  the  hypodermic  injection  of  35-50  mg.  of  cocain,  or  by 
10  mg.  of  cocain  plus  i  mg.  of  epinephrin  (Mills,  1919). 

Fate  of  Cocain. — This  is  partly  destroyed  in  tne  organism,  but  mainly 
ttaeied  unchanged  in  the  urine  (contrary  to  the  results  of  Wiechowski, 
1901). 

Rlfatwachdani,  1913,  recovered  42  to  85  per  cent,  from  the  urine  of  rabbits  after 
KVte  poisoning,  and  all  in  chronic  poisoning.  None  was  present  fts  ecgonin,  but  if 
ccgonin  itself  was  injected,  25  per  cent,  was  recovered  from  the  urine.  Cocain  left 
Iw$e\'eral  hour?  in  a  ligatured  limb  was  not  destroyed. 

Peisisteace  of  Effect  and  CumulatiTe  Action. — Most  synthetic  local  anesthetics  arc 
(iotroycd  so  rapidly  in  the  IhkIv.  that  the  toxicity  is  much  smaller  when  the  drug  is 
iiilroduced  slowly.  Cocain  and  pbcnacain  (hotocain),  however,  are  not  destroyed 
•^ttiriy  as  promptly  (Eggleston  and  Hatcher,  1919).  Mills,  iqiq,  obtained  contradictory 
iKulis  with  cocain  according  to  the  criteria:     No  cumulative  effects  were  noted  unless 

:tion3  were  repeated  in  less  than  I'i  hour,  indicating  rapid  destruction.  On  the 
hand.  pupillar>'  effects  could  be  demonstrated  after  35  hours,  so  that  the  iris  must 

in  the  drug  for  longer  periods. 

Destruction  of  Cocain  in  Vitro ;  Sterilization, — Long-continued  boiling 
fiecomposes  cocain  into  benzoyl-ecgonin  and  methyl  alcohol.  It  was 
iticrefore  l>elieved  that  solutions  could  not  be  sterilized  by  boiling,  in 
iiici.  however,  the  decomposition  on  boiling  half  an  hour,  is  insignificant 
(Merck.  1907;  Holbrook,  1912):  and  even  longer  boiling  only  decreases 
Itie  activity,  for  the  decomposition  products  are  merely  inactive  and  not 
*oidr.  Any  decomposition  on  boiling  is  probably  due  to  alkalinity  from 
the  glass  (Baumeister,  1917). 

^  Waiery  s^utions  of  bask  cochin  deteriorate  rapidly,  losing  their  ancsthedc  power 
*^in  7  hours;  and  still  more  rapidly  when  heated.  Basic  procain  and  alypm  aie 
^tiblc  in  solution  (Gros,  191 2). 

'  '  ^(tfcuinia//5  are  much  more  stable  than  basic  solutions,  but  liable  to  mold. 

fifwns  are  said  to  be  difficult  to  sterilize  (Krsner,  1917).  They  turn 
''''-■■.I  ^...  ,^<^)iing,  and  such  cliangcd  solutions  should  not  be  used  until  their  pharma- 
w^y  has  been  established. 

wsislance  to  Piitrr faction. — Positive  testa  for  cocain  were  obtained  in  cadavers  even 
°^««th^  afttr  d.;ath  (Palct,  1919). 
Benzoyl  Ecgonin. — This  was  found  by  Stockman,  x886,  to  resemble  caffein  in  its 
azKl  muscular  action.     It  had  no  effect  on  sensory  nerves  or  the  pupil. 


ACDTE  COCAIN  POISONING;  ETIOLOGY 

Toxicity. — This  is  of  special  importance,  since  cocain  poisoning  is  not  a 
^try  uncommon  occurrence  in  the  therapeutic  employment  of  the  drug. 
verj*  large  amounts  are  sometimes  used  in  a  most  careless  marmer  for  local 
anesthesia;  and  since  the  absorption  is  fairly  rapid,  serious  and  even  fatal 
'esulis  may  follow.  The  susceptibility  varies  enormously,  due  partly  to 
10 
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the  uncertainty  of  the  absorption;  partly  to  the  rapidity  of  destructk 
and  partly  to  the  varying  intensity  of  the  effects. 

There  seems  to  be  a  very  considerable  psychic  element  (fright) 
some  of  the  "accidents." 

Bibliography  of  Clinical  /«/d*«;<iI|(?«5.^  Egg  lesion  and  Hatcher,  1919. 

Frequency  oj  Fataliiiei, — Reliable  statistics  are  not  available,  but  fatAlities  appcti 
be  much  more  common  than  is  ordinarily  supposed  (E.  Mayer  et  al,  igao). 

Mistakes  in  Drugs  or  Dosage. — A  large  proportion  of  the  anesthetic  accidcnt*(3SJ 
cent,  in  one  scries)  are  due  to  misukes  in  the  drugs,  concentration  and  dosage  (E.  Ma; 
ct  al,  iQ3o).  These  could  probably  be  avoided  almost  entirely  by  employing  the  to 
drugs  only  as  tablets,  colored  by  a  distinctive  dye;  so  that  the  tint  of  the  solution  w 
inform  the  surgeon  of  the  nature  and  concentration  of  the  drug. 

Safe  aftd  Toxic  Dosage  of  Cocain. — This  depends  so  largely  on  rapidj 
of  absorption  and  idiosyncrasy,  that  absolute  figures  are  rather  mJslea 
ing.    The  toxicity  is  greatly  diminished  by  the  addition  of  epinephrin. 

The  ordinary  fatal  dose  of  cocain  is  considered  to  be  about  1.2  Gm.  (iR  grj  KunI 
butdeath  bus  been  reported  from  0.0^  (^  grain);  and  serious  poisoning  from  ^drops* 
4  per  cent,  solution  (5  mg.J  on  the  conjunctiva,  and  with  three  drops  of  ^-^  (»er  c< 
cocain  (i  mg.)  in  a  tonsU  operation  (MayerJ.  In  other  cases,  very  large  doses  produt 
no  effect  (bibliography.  Roth,  1917). 

Procain  proved  fatal  in  a  tonsil  operation  with  4  c.c.  of  ^  percent.  (0.03  Gm.]j 
jected  with  epinephrin  (Mayer). 

*'Safe  Dose.*' — This  has  been  placed  by  various  writers  between  o.oi  and  o.j  Ol 
(H  to  5  gr.).  Strictly  speaking,  tbe  "minimal  fatal  dose"  would  be  obtained  by  f 
tmvcnous  injection  of  concentrated  solutions.  This  would  probably  be  less  ihiino.oi 
(im.;  i.e.,  a  dosage  that  would  often  be  insufficient  for  ordinary  operations  (Bniu^ 
Very  much  larger  doses  can  be  used  with  almost  perfect  safety,  if  systemic  absorpi' 
b  checked. 

Dilhtion  slows  the  absorption  of  cocain  and  insures  its  thorough  utilization,  and 
economizes  its  use.     Solutions  above  1  per  cent,  should  not  be  u.sed  for  hypodci 
injection.     With  solutions  of  ^  per  cent,  and  proper  precaution,  Redus  co; 
0.2  Gm.  quite  safe. 

Safe  Operations. — In  open  wounds  or  body  cavities  or  other  surfaces  from  whichi 
excess  will  be  removed  when  the  operation  is  completed,  the  total  quantity  of  cocain  i* 
practically  immaterial  if  dilute  solutions  (o.i  to  0.2  per  cent.)  are  employed;  for  oolyA 
small  fraction  will  be  actually  absorbed. 

Dangerous  Opcraiions. — Cocain  is  especially  dangerous  when  3  to  10  per  cent,  sol 
tions  are  injected  into  closed  mucous  or  serous  cavities,  such  as  the  urethra,  blad^ 
scrotal  sac,  etc.  Very  severe  poisoning  has  repeatedly  followed  after  urethral  injecti 
of  I  Gra.  in  5  to  20  per  cent,  solution,  in  one  case  even  after  7  c.c,  of  1  per  cent.  (0.07  Go* 
Indeed,  a  fairly  large  number  of  toxic  cases  are  reported  from  0.01  to  0.05  Gm.  in  %\ 
20  per  cent,  solution  (Weigand;  H.  Braun,  IQ14). 

Tonsil  operations,  when  cocain  is  injected,  show  many  more  fatalities  than  opcratiol 
OQ  tlie  nose  (Mayer). 

The  toxicity  is  increased  by  severe  hemorrhage,  also  by  chloral  narcosis;  probsfa 
by  interference  with  the  activity  of  the  liver  (Kggleston  and  Hatcher). 

Symptoms  with  Slow  Absorption. — The  symptoms  vary  according ' 
the  rapidity  of  absorption.*     If  this  occurs  relatively  slowly,   there  tf 
confusion,  laughter,  vertigo,  motor  excitement;  quickened  pulse   and  pal- 
pitation; irregular  respiration;  pallor,  chill,  with  sweat  and  rise  of  inleraJ 
temperature;  dilated  pupils  and  exophthalmos;   nausea;   vomiting 
abdominal  pain;  great  anxiety;  disturbance  of  cutaneous  sensation  (wo 
under  skin,  etc.);  finally  delirium,  dyspnea  and  Cheyne-Stokes  respiratii 
convulsions,  unconsciousness;  and  death  by  collapse  and  asphyxia. 

However,  if  the  death  has  not  occurred  within  a  few  minutes,  the 
licnt  will  almost  always  recover.     Unconsciousness  and  Cheyne-S 

^  PoUer  description  in  Seifert,  N«oenwirk..  191 5*  P*  Si. 
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respiration  may  persist  for  one  or  2  hours.  Recovery  may  be  followed 
by  more  lasting  psychic  depression  and  melancholia. 

With  rapid  absorption  (especially  from  mucous  membranes)  severe 
symptoms  may  develop  without  warning:  fainting,  extreme  pallor,  brief 
convulsions,  and  death,  generally  in  a  few  minuter. 

Practically  the  same  symptoms  occur  in  fatalities  with  the  synthetic 
substitutes  (procain,  apothesin,  etc.;  Mayer). 

Symptoms  in  Animals. — Tliesc  symptoms  of  acute  clinical  iatoxications  by  the  local 
incsthetics  arc  closely  paralleled  by  Ttnimulo^,  especially  cats  (Eggleston  and  Hatcher, 

IntroKnoiu  injection  of  fatal  doses  produces  almost  instant  extensor  spasm,  fixation 
of  the  respiration,  and  sudtfcn  cessation  of  the  heart. 

SubUthal  intravenous  injfdions  cause  immediate  stimuhition  of  the  respiration  and 
abrupt  fall  of  blood  pressure  of  cardiac  origin ;  the  heart-rate  bein^  inconstant,  but  genei- 
ally  ^oned.    The  respiration  may  be  temporarily  arrested. 

Within  a  minute,  the  heart  begins  to  improve  and  the  blood  pressure  risesj  the 
nspirator>*  stimulation  diminishes;  there  may  be  brief  but  severe  clonic  convulsions. 
Within  five  minutes  the  animals  may  be  apparently  normal. 

A&  the  doses  approach  the  fatal,  the  convulsions  are  more  prolonged,  and  re* 
covtry  14  slower;  especially  after  cocain  {Egglcston  and  Uatchcr,  1919). 

Treatment  of  Poisoning  by  Local  Anesthetics. — If  the  drug  has  been 
,ttken  by  mouth,  evacuation  and  chemic  antidotes  are  indicated.     If  the 
ithelic    was  injected,   absorption   should  be  checked   by   ligation, 
linephrin  or  cooling. 

If  symptoms  have  developed,  the  head  should  be  lowered;  collapse 
'Tftated  hy  aromatic  ammonia  and  caflein;  convulsions  allayed  by  ether 
'Tfhloral;  and  artificial  respiration  applied  as  needed.  Amyl  nitrite  has 
commended.  Epinephrin  and  ouabain,  intravenously,  and  cardiac 
;j;e  are  useful  in  animals  (Eggleston  and  Hatcher,  1919).  but  have 
Krt  been  tried  sufficiently  in  the  clinic.  Whatever  delays  death  is  likely 
to  save  the  life,  in  view  of  the  rapid  destruction  of  these  drugs. 
As  prophylaxb,  the  patient  should  be  recumbent,  if  the  operation 
Ills.  With  nervous  patients,  it  is  advisable  to  inject  morphin  15 
lutes  before  the  local  anesthetic,  and  to  delay  the  start  of  the  operation 
20  minutes  after  the  injection  of  the  local  anesthetic  (Mayer  et  al, 

CHRornc  cocAiw  poisoning 

This  bears  considerable  resemblance  to  the  morphin  habit.  It  is 
oaforiunately  on  the  increase,  especially  amongst  negroes,  prostitutes,  and 
ihe criminal  classes  (see  under  "Morphin  Habit"). 

The  immediate  effects  consist  in  a  sense  of  elation  and  increased  mental 
tod  physical  vigor.  The  excitement  may  rise  to  delusions  and  mania. 
Thisc  stimulant  effects  are  succeedcii  by  ticpression^  tremors,  with  pale  face, 
tod  sunken  and  unsteady  eyes  (Owens,  igia). 

The  chronic  effects  are  similar  to  those  of  the  morphin  habit,  with 
oort  severe  psychic  disturbance— insomnia,  hallucinations,  apathy, 
icholia,  suicidal  mania,  (For  Cocain  Psychoses,  see  Vallon  and 
,  X914.)  The  pupils  are  inconstant.  A  very  considerable  toler- 
**^  is  acquired,  so  that  the  daily  hv'podermic  consumption  often  reaches 
'•5  Gm.,  sometimes  even  10  Gm.  (Grode,  1Q12).  Animals  do  not  become 
Wcrant  (Grode,  1913).  Chouppe,  1889,  claims  that  morphinists  are 
wlatively  tolerant  to  cocain.  Sudden  withdrawal  leads  to  abstinence 
ipnptoms  very  similar  to  those  of  morphin. 
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With  cocain  snuffing,  where  smaller  amounts  are  used  in  intermill 
debauches,  the  chronic  effects,  the  craving  and  the  abstinence  sympt< 
are    pro]K>rtionalely  less    marked.     Such    patients    show    characterisi 
ulceration  of  the  nasal  fosss   (Owens;  also  present  in  heroin  snuffing 
Phillips). 

The  treatment  of  cocain  habit  coincides  exactly  with  that  of 
mnrphin  habil  (which  see);  it  is  said  Lo  be  more  difficult  to  cure. 

The  prescribing  of  cocain  and  tropacocaiti  comes  under  t-he  Karri 
Anti-narcotic  Law.    This  does  not  apply  lo  the  synthetic  substitutes. 

ADMINISTRATION  OF  LOCAL  ANESTHETICS 

Sensory  nerves  may  be  paralyzed  at  their  periphery:  terminal  or  surft 
anesthesia;  or  in   iheir  coarse:  condtulion  or  injection  anesthesia 
"blocking"  of  the  nerve  fibers  may  be  done  by  infiltrating  the  field  of  theif 
peripheral    distribution:   infUtration-anesthesia;   or  by  injection  into 
around  the  nerve-trunks:  intraneural  or  peritiettral  methods;  or  at  thepoi 
of  origin  in  the  spinal  canal:  spinal  or  subdural  anesthesia. 

Surface  Anesthesia. — Anesthesia  from  intact  surfaces  requires  that 
druR  must  be  absorbable.  This  excludes  the  intact  sjtin.  Cocain  an 
butyn  are  readily  absorbed  from  mucous  membranes,  and  are  therefore cfFi 
cient.  but  also  correspondingly  toxic.  Procain  and  apothesin  are  relative 
inabsorbabie  and  therefore  less  applicable.  Ah^pin  and  beta-eucain 
inLermcdiate;  but  the  order  of  absorbability  varies  for  different  muc 

Eye. — For  conjunctival  application  cocain  (i  to  5  percent.)  is  still 
dominant  anesthetic;  perhaps  mainly  because  ilisnot  irritant.  Phena 
(holocain)  used  as  i  percent,  is  equally  efficient,  but  more  irritant  and  tox 
Butyn,  2  to  4  [jer  cent.»  appears  promising.  Tropacocain  and  beta-cuca 
require  stronger  solutions  (3  to  5  per  cent.).  Procain  is  not  suited  lo 
conjunctiva,  but  may  be  used  for  deeper  operations. 

A  single  application  of  3  per  cent  cocain  produces  complete  anesthesia  of  the 
junctiva  and  cornea,  starting  in  2  minutes,  and  lasting  7  to  10  minutes.  If  5  per* 
cocain  is  instilled  every  .1  minutes  for  half  an  hour,  the  anesthesia  generally  ext 
also  to  the  iris.     Epincphrin  does  not  enhance  the  efficiency  in  the  eye  (SoUmann,  iqi 

Cocain  dilates  the  pupils,  and  contracts  the  vessels;  the  other  anesthetics  do  ■ 

Urethra  and  Bltnidrr. — The  urethra  is  a  Rood  absorbing  surface,  and  ha«  tberefi 
often  given  rise  to  poisoning.     This  danger  is  practically  obviated  by  using  dilute 
tions.     These  are  efficient  if  suflTicienl  time  is  allowed,     Braun,  1903,  advocates 
0.1  to  0.2  per  cent,  for  the  bladder,  0.5  per  cent,  for  the  urethra;  both  with  cpincpt 
(about  three  drops  of  i :  iooo  for  the  entire  injection) 

Al>pin  has  been  rather  a  favorite,  since  it  is  also  readily  absorbed,  and  is  supposa 
be  less  toxic.     However,  fatal  accidents  have  occurred  from  the  usual  doses.     It  is ' 
as  0.5  per  cent,  for  the  bladder;  5  c.c.  of  i  per  cent,  for  the  urethra.     Braun  advc 
the  addition  of  cpinephrin,  as  for  cocain. 

AbiorpfioH  of  tfu  Hydroihiorids  from  Ihf  Urethra. — Sollmann,  1Q18,  found  that  ai> 
and  tropacocain  were  absorbed  somewhat  better  than  cocain;  apothesin,  betaci 
and  procain  were  absorbed  somewhat  less  efficiently;  but  the  differences,  were  nol^ 

1  he  rate  of  absorption  increases  with  the  dose  and  concentration.  TTic  absorpt 
more  rapid  during  the  first  ten  minute.s,  but  continues  quite  markedly  after  this  I 
Alkalinization  does  not  Increase  the  absorption. 

OperaiioHs  in  Nose. — f-'raclically  all  operators  prefer  local  anesthesia  as  being 
convenient  than  general  anesthesia  ana  at  least  equally  saie.     The  most  ctMi 
method  is  to  swab  the  mucosa  with  epinephrin  solution,  i :  10,000;  then  to  apply  a 
10  or  20  per  cent,  cocain  solution  with  an  applicator;  or  a  trace  of  powdered  ci 
the  point  of  a  moistened  probe.     The  strong  cocain  solutions  are  fairly  safe  in  this^ 
because  only  a  small  surface  is  covered.     For  more  extensive  operations,  this  is  folic 
by  the  slow  injection  of  procain  solution  (^  to  2^  per  cent.; generally  ^  pcrcew 
cpinephrin  1:  50,000  (Mayer  ct  al,  ipao). 
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OptrcHom  on  Tonsils  and  Adtndds. — The  majority  of  American  operators  favor 
loal  anesthesia,  notwithstanding  occasional  accidents.  The  preferred  practice  con- 
rnxs  in  swabbing  with  5  or  10  per  cent,  cocain,  followed  by  the  slow  injection  of  a 
lyathetic  anesthetic,  f.i.  >2  to  i  per  cent,  of  procain  in  i:  50,000  epinephrin.  Prelimi- 
Mry  morphin  is  advisable  (Mayer  el  al,  1930)- 

Operations  on  Larynx. — These  require  careful  application  of  fairly  strong  (:oto 
»  per  cent.)  cocain  solutioDS  (Mayer  et  al,  ]Q3o). 

InsoluhU  Anesthetics  for  Open  Wound  and  Ulcers, — The  soluble  anes- 
thetics are  absorbed  too  rapidly  to  be  of  material  use  in  persistent  pain. 
The  limited  and  slow  solubiJity  of  some  of  the  free  s\aithetic  bases  renders 
them  more  adapted  to  these  conditions.  However,  their  practical  use- 
fulness is  limited. 

They  are  employed  for  painful  wounds,  ulcers,  etc.,  of  the  skin  and 
accessible  mucous  membranes;  for  instance,  after  dental  operations. 
They  have  also  been  used  against  the  pain  of  gastric  ulcer  or  cancer  and 
other  gastralgias;  but  here  their  eflSciency  is  doubtful. 

•Vnesthesdn,  cycloform,  orthofyrm-new  and  propacsin  arc  all  about  equally  eilcclive 
igh  intact  mucous  membranes  (SoUmann.  1919).  They  are  practically  non-irritant 
oon-toxic. 

They  may  be  diluted  with  10  parts  of  sterilized  talcum. 

Catarrh}  Hay  Fever  and  Asthma. — Cocainization  of  the  nasal  mucous  membrane 
may  umporarily  relieve  attacks  of  hay  fever  and  asthma.  The  astringent  action 
^.iders  it  effective  in  acute  coryza. 

Unc  per  cent,  cocain  ointment  has  been  recommended  in  herpes  zosttr;  it  is  said  not 

tn  relieve  the  pain,  hut  to  put  a  slop  to  the  disease. 
Cocain   locally  relie\'cs  hfmorrhoids,  producing  contraction  and  diminishing  pain, 
tlas  been  taken  by  the  stomach  to  prevent  vomiting  and  dyspeptic  pain. 

The  dan%eT  oj  the  formation  of  Iht  habit  interferes  with  its  use  in  all  these  conditions; 
united  many  cases  of  cocain  hatit  were  started  by  proprietary  catarrh  "cures." 

Infiltration  and  Conduction  Anesthesia. — None  of  the  local  anesthetics 
lelraie  effectively  through  the  intact  skin.  In  most  operations  they 
jhnst  therefore  be  injected.  Since  any  excess  of  the  injected  anesthetic 
Hnot  easily  removed,  the  greatest  economy  must  be  practiced  by  employ- 
ing dilute  solutions,  placing  these  only  where  they  are  needed,  and  keeping 
them  there  by  limiting  the  circulation  by  epinephrin  or  ligature.  In  view 
o(  its  relatively  low  toxicity,  procain  (novocain)  is  preferred  to  cocain. 
ApothesLn.  benzyl  alcohol,  and  saligenin  are  also  successful. 

It  is  not  necessary  to  flood  the  entire  field  of  operation,  as  in  the  earliest 

methods:  nor  even  to  infiltrate  the  whole  line  of  incision,  as  in  the  "infil- 

■  anesthesia"  of  Schleich  (iSqa).     It  is  now  aimed  to  confine  the 

..lie  mainly  to  the  nerves,  by  placing  it  where  the  nerves  chiefly  run, 

w  injecting  it  into  the  nerves  themselves  (H.  Braun). 

'--  '—  '~r.ce.  one  would  start  with  a  small  wheal,  produced  by  the  intradermal  (not 
^  injection  of  a  few  drops  of  0.5  per  cent,  procain  and  0.0005    P*?r  cent, 

^1:.. 1  normal  saline 

lltrough  ihi?  anesthetized  wheal,  the  needle  is  thrust  forward  into  the  subcutaneous 
*»w  nnd  thr  same  solution  is  injected,  so  as  to  outline  the  operative  field.  This  blocks 
*"  of  the  area. 

ible,  the  injection  is  made  directly  into  the  nerve  trunk  {intranturul 
J^ti'-^l  .  For  unexposed  large  nerves,  this  requires  i  to  5  c.c.  of  j  to  4  percent,  procain, 
Jlrecposrd  ner\'es,  0.5  to  1  per  cent,  suffices  (Braun).  T^pinephrin  should  be  added 
■  the  tiroportion  of  1  mg.  per  Gm.  of  procain. 

11  Inc  injection  is  made  quiikly  and  dirittly  into  the  nerve  tissue,  the  procedure  is 

•  t  r.wMt",,!      \  fcvv  drops  should  first  be  injected  under  the  nerve  *hcnth.     When 

-ed  a  local  ancslhcsia.  the  needle  should  be  pushed  deeper  and  more  of  the 

complete.    In  this  wav  the  pain  ts  relatively 


3IO 


MANUAL   OF  PHARMACOLOGY 


slight.  Anesthesia  requires  fifteen  to  twenty  minutes,  and  is  not  always  comply 
successful. 

j4»oft-<Msi?fta/w»,— Crilc  believes  that  the  afferent  impulses  which  reach  the  fa{ 
even  in  profound  general  anesthesia  are  distinctly  harmful  lo  the  patient;  and  I 
therefore  these  impulses  should  be  suppressed  by  blocking  the  nerve-paths  from  the  I 
oE  operation  by  the  use  of  local  anesthesia.  * 

u  may  at  limes  be  justiftable  to  operate  without  the  knowledge  of  the  patl 
which  is  quite  feasible  by  the  use  of  cocain  (Crile). 

Morphin  in  Local  Anesthesia. — Nervous,  fearful  and  excitable  patil 
often  suffer  severely  from  apprehension  that  local  anesthesia  n 
not  allay.  This  also  disposes  toward  accidents.  It  may  be  at  lci 
somewhat  quieted  by  morphin  (0.015  Gm.  h)'podermically)  half  an 
before  the  operation. 

Morphin  and  atropin,  in  moderate  doses,  do  not  materially  alter  the  toxici^ 
cocain  or  procain  for  cats.  Large  doses  of  morahin  tend  to  relieve  the  convulsions, 
increase  slightly  the  toxicity  of  the  anesthesia  (^Hatcher,  quoted  by  Mayer). 

Intravenous  and  Intraarterial  Anesthesia.— These  were  introduced  by  Bier,  ii 
and  have  a  limited  field.  The  limb,  for  instance,  is  ligated  above  and  below  the  6el 
o|>eraliun,  and  tlic  solution  is  injected  into  a  vein  or  artery  of  the  Ugated  area. 

Intravenous  Injection  of  Cocain. — The  action  of  cocain  is  sufi&ciently  selective  so 
a  marked,  though  incomplete  general  analgesia,  without  disturbance  of  conscious 
or  motor  functions,  can  be  produced  by  intravenous  (Ritter,  loog;  Harrison,  191 1 
intra-arterial  (Ransohoff.  iqog)  injection.  However,  these  methods  are  both  um^ 
factory  and  dangerous  (Bevan,  1915). 

Spinal  Anesthesia. — The  subdural  injection  of  cocain,  or  other 
anesthetics,  anesthetizes  the  sensory  nerve  roots  at  their  emergence  fr 
the  spinal  cord.  This  abolishes  sensation  in  their  entire  peripheral 
tribution,  beginning  in  2  to  10  minutes  and  lasting  for  about  one  and  d 
half  hours  (one-half  to  two  hours),  without  loss  of  consciousness  or  ma 
functions. 

The  anesthesia  extends  to  the  level  of  the  nerve  roots  reached 
the  cocain,  the  aim  being  to  confine  it  lo  the  lower  half  of  the  body. 
il  should  extend  to  the  fourth  ventricle,  it  would  paral^'jsg^thc  1 
piration.  Alarming  symptoms  and  fatalities  from  this  cause  are  not 
frequent  (Scifcrt,  Nebenwirk.,  1Q15,  p.  105),  and  the  method  is  nK 
dangerous  even  than  chloroform.  The  fatality  is  probably  over  i  :\ 
(Bevan).  It  has  also  been  fatal  lo  the  fetus  in  tiUro  (Jung,  1914%  Mi 
accidents  are  not  uncommon.  Cord  injuries  are  sometimes  produa 
severe  headache  may  last  for  days  or  weeks.  Further,  the  technic 
difficult,  disagreeable  to  the  patient,  and  the  anesthesia  is  often  unsucc 
ful.  Spinal  anesthesia  should  therefore  not  be  employed  (Hohmeicr ; 
Koenig,  1910),  unless  inhalation  anesthesia  is  directly  conlraindicat 
(Anesthesia  Commission,  Journ.  Amer.  Med.  Assoc,  igoS).  It  is  cs 
cudly  usefid  in  pulmonary  disease,  arteriosclerosis,  bladder  and  rcc 
cases,  impending  uremia,  and  diabetics;  emergencies  after  a  full  m 
It  is  not  justifiable  to  use  it  for  operations  above  the  costal  margin  (F. 
Richardson,  igt.^).  Bevan,  191 5,  can  see  no  justification  for  spinal  a 
thesia  under  any  conditions. 

Technic  n/  Spinal  Anftihaia. — The  method  was  demonstrated  by  CominK  of  B 
York  in  1885,  and  introduced  into  practice  by  Bier,  1899.  but  it  was  temporanly  a 
doned,  and  did  not  conic  into  vogue  until  about  1004.  The  injection  is  performed 
lumbar  puncture,  withdrawing  a  Uttle  cerebro-spinal  tluid,  and  introducing  t^  to  t  c 
2  per  cent,  cocain  solution;  or  more  commonly,  corresponding  quantities  of  its  su 
lutes:  Tropocain,  5  per  cent.,  procain  (not  above  0.X5  Gm.);  stovain  (not  above 
Gm.;  beginning  with  one-half  or  two-thirds  of  these  doses).    Epinephrin  and  str>tl| 
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nay  be  added.  Glucose,  ^  per  cent.,  diminishes  Uic  spreading  of  the  solution  by 
increasing  its  specific  gravity.  E.  Erhardt,  1P05  and  iqij,  proposrd  with  the  same 
object,  to  increase  the  viscosity  by  acacia.  Bulk  of  solution  (dilution)  favors  spreading 
(Smith  and  Porter,  i(>i5). 

PkfnomctM  of  Spinal  Anesthesia, — These  occur  in  the  following  order:  Loss  of  knee- 
jerk;  of  plantar  and  cremasteric  reflex;  ascending  analgesia;  later,  ascending  loss  of  motor 
lioirer.  The  upper  limit  is  usually  quite  abrupt.  Subjectively,  there  is  an  ascending 
wdxag  of  warmth,  swelling  and  hea\nncss.  Occasional  toxic  ejects  are  pallor,  nausea, 
TCDiting,  sweating,  feeble  pulse,  rckxation  of  sphincters,  dyspnea.  The  most  frequent 
i^ftfiHrf edj  are  headache  and  insomnia. 

fuW  of  Blood  Prasurc. —  This  is  a  verj'  common  phenomenon  of  spinal  anesthesia. 
Smith  and  Porter,  IQ15,  found  that  it  is  due  to  paralysis  of  the  splancnnic  6bers  in  the 
cord,  not  in  the  medulla.  Epinephrin  with  tropacocain  or  procain  caused  even  a 
ptaXtx  fall.  Measures  to  restore  the  pressure  were  only  tcmi>orarily  successful.  As 
the  effects  of  the  anesthetic  began  to  wear  off,  sciatic  stimulation  produced  a  fall,  in- 
Aeadof  the  normal  rise. 

Tht  combined  action  of  stovain  atid  strychnin  on  the  cord  has  been  investigated  by 
Aron  and  Rothman,  1909;  and  Simon,  1915.  The  two  drugs  are  not  antagonistic;  and 
tryduuji  does  not  render  stovain  any  safer. 


USE  OF  COCAIK  AS  CEREBRAL  STIMX7LANT 


Cocain  has-been  employed  to  combat  fatigue,  and  as  a  general  tonic, 
vuiiages  and   many  disadvantages   as  compared   with  other  stimulants 


It  has  no  ad- 
especially 
offein.  The  danger  of  habit  formation  should  suffice  to  condemn  it.  That  the  harm 
lus  not  been  greater  may  be  attributed  to  the  unreliability  of  the  coca  preparations 
•ticii  are  generally  employed. 


Comparison  of  Cocain  and  its  Substitutes. — Cocain  is  very  sat  isfactory 
rrom  the  standpoint  of  efficiency,  penetration,  and  practical  absence  of 
tissue-injury.  However,  its  rather  high  toxicity  has  led  to  the  use  of 
substitutes  wherever  practical.  Some  of  these  present  advantages  in 
special  fields,  although  they  lack  the  general  applicability  of  cocain. 
These  special  fields  were  pointed  out  in  discussing  the  applications  of  local 
Wesihesia. 

Structure  of  Cocain. — Cocain  is  the  methyl-benzoyl  ester  of  ecgontn, 
i  base  closely  related  to  tropin,  the  corresponding  base  of  atropin,  both 
l>eing  pvTrolidin  derivatives. 

Relation  of  Structure  to  Actions. — Ecgonin  itself  produces  only  the  least  important 
'  •  -ctions  of  cocain,  viz.,  the  hepatic  degeneration.  The  other  actions  are  only 
I  >1  bv  tlic  entrance  of  both  radicals.  The  methyl  may  be  replaced  by  any  other 
.  r  i.iical.  without  changing  the  actions  of  cocain.  The  benzoyl  radical.  howe\'er, 
Dot  be  replaced  by  other  aromatic  acids  (possibly  with  a  few  exceptionsj  nor  by 
ty  acids  without  great  impairment  of  the  local  anesthetic  action.  Indeed,  the  pres- 
*•*  of  the  benzoyl  group  gives  the  anesthetic  properties  to  other  alkaloids,  and  may  be 
^Ottsidcred  as  the  hook  by  which  the  molecule  attaches  itself  to  the  protoplasm  of  the 
"wory  cell.  It  is  present  in  most  of  the  cocain  substitutes.  The  required  conditions 
wthe  development  of  a  local  anesthetic  action  seem  therefore  to.  be:  a  base  with  a 
**'octgrc  analogous  to  ecgonin.  containing  a  benzoyl  and  an  alkyl  radicle  in  certain 
■aattons. 

Principal  Differences  between  Cocain  and  its  Substitutes. — These 

cuntern  especially  the  following  points: 

Toxicity, — It  is  generally  believed  that  cocain  has  the  highest  toxicity. 
This  conclusion  was  based  primarily  on  animal  experiments,  which,  how- 
ler, yield  equivocal  results.  Nevertheless,  it  seems  in  harmony  with 
**oic3iI  experience. 

T»xieily-<om  pari  sons  on  Animals. — Extensive  series  of  experiments  have  been 
5^6»hcd.  for  instance  by  Kochmann,  1914,  Closson,  IQ14,  Le  Brocq,  IQ09.  These 
^vv  that  Cocain  is  perhaps  three  times  as  toxic  to  guinea  pigs,  on  hypodermic  injection, 
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than  are  most  of  the  substitutes.  This  result  has  very  generally  been  transferred 
man,  but  ^K'ithout  real  justification.  Rodents  depart  widely  from  man  in  their  quanc-i 
tative  response  to  many  poisons.  The  rate  of  penetration  and  absorption  is  a  high! 
important  factor  in  poisoning.  Obviously,  the  hv'podcrmic  injection  into  fouott: 
pigs  does  not  reproduce  the  absorptive  conditions,  for  instance,  of  the  human  urethra  _ 
fntraventhts  Toxicity  for  dUs. — This  would  be  a  more  definite  index  of  absolu^ 
toxicity,  but  its  clinical  application  would  also  be  limited.  Eggleston  and  Hatcbeu 
19x8  and  19x9,  found  the  M.F.D.  as  follows: 

Alypin,  holocain 10  mg. 


Betacucain. 

Cocain 

Apothestn. .  . 
Tropacocain . 
Stovain.. . . 
Nirvanin.  , . 
Procain. . . 


13. S 
15 

10 

20-25 

35-30 

30-35 

40-45 


Combinations  of  any  two  of  these  local  anesthetics  produce  simple  summation  of 
effects,  so  that  they  would  not  offer  any  advantages  from  this  standpoint. 

The  systemic  actions  of  all  are  similar,  death  occurring  by  combined  caidiac  uid 
respiratory  paralysis. 

Procain,  apotnesin  and  stovain  and  probably  also  the  other  synthetic  anesthetics 
are  rapidly  destroyed  in  the  liver. 

The  hypodermic  fatal  doses  arc  therefore  more  than  five  times  greater  tiian  the  in* 
travenous.  except  with  the  relatively  indestructible  cocain  and  phenacain. 

Irritaiion  and  Tissue-injury, — In  ordinary  concentrations,  cocain, 
procain  and  apoLhesin  are  practically  non-irritant.  Eucain.  al\-pin. 
phenacain  (holocain),  and  benzyl  alcohol  produce  smarting  and  some  pain, 
but  no  permanent  injury.  Tropacocain  raises  wheals  on  the  scaribeH 
skin.  Stovain  and  quinin-urea  cause  more  pain,  and  lead  to  induratk 
or  gangrene  if  the  ordinary  concentrations  are  exceeded. 

The  irritative  phenomena  have  been  compared  For  the  intracutaneous  injection 
Braun,  1905.  Procain  up  to  5  per  cent,  produced  no  pain  or  hyperemia.  Sto^ 
caused  strong  local  irritation,  even  with  dilute  solutions;  and  gangrene  with  5  to 
per  cent.  Alypin,  as  dilute  as  o.i  per  cent.,  gave  pain  and  hyperemia,  but  less  tl 
stovain;  i  per  cent,  produced  persistent  irritation;  and  5  per  cent.,  gangrene.  Cocain 
practically  non-irritant. 

The  irritative  phenomena  have  also  been  studied  by  Lc  Brocq.  iqiq;  Kochmaa 
X914,  and  Closson,   iqi4> 

Combination  with  Epinephrin. — The  vasoconstrictor  effect  is  produci 
perfectly  in  the  presence  of  cocain,  procain.  benzyl  alcohol,  apothesinai 
probably  alypin.     The  other  interfere  more  or  less;  tropacocain  complcle! 

Penetration  of  Mucous  Membranes, — This  probably  varies  in  differ< 
situations.  Generally  cocain,  alypin,  benz>'l  alcohol,  eucain  and  hoi 
cain  are  effective;  whereas  procain  and  apothesin  are  relatively  ineflfectii 

Stability   of  Solutions, — Cocain   solutions   should    be   freshly 
although  their  dutcrjoration  is  not  so  rapid  as  was  formerly  suppo! 
Alypin  solutions  also  should  not  be  kept  longer  than   a  week  (Imj 
iQOs).     The  others  keep  for  a  considerable  time.     Phenacain  (hoh 
solutions   must    be  slightly  acid   and   are   therefore   irritant, 
solutions  become  discolored. 

Sterilization  -  This  was  formerly  considered  a  material  advantae* 
the  subsliluies;  but  it  is  now  conceded  that  cocain  solutions  can  be  sal 
brought  to  boiling. 

Habit-formation, — This  has  not  been  described  for  any  of  the  co< 
substitutes. 
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InatmpaiibilitU^. — The  substitutes  have  in  general  the  same  incompatibilities  as 
CDcun. 

Soittbility  ofthi  Bases  in  OiVi.— This  is  in  descending  order:  Alypin  (all  proportions), 
cucain,  piocain,  cocain  (Gros,  1910). 

PREPARATIONS — COCAIN 

CtK-a  Folia. — The  dried  leaves  of  Erythroxylum  Coca  and  E.  truxillensc,  shrubs 
iodigcnous  to  Peru  and  Bolivia,  and  cuUivatcd  in  tropical  countries.  Ceylon  coca 
cQDtaios  mainly  cocaio;  Java  coca  contains  only  other  ccogonin  derivatives  (Jong, 
1911I. 

Cocaina^  U.S. P.,  B.P.,  CitHuNO^. — Colorless  prisms  or  crystalline  powder,  of 
ilighUy  bitter  taste  followed  by  anesthesia.  Slightly  sol.  in  water  (1:600);  freely  sol. 
in  lie.  (1:6.5),  chlorof.,  cth.;  sol.  in  oils  (i:ia  olive  oil).  Used  especially  in  ointments. 
Dc«,  IS  mg.,  \\  gr. 

*Cocain.  Hydrochl.^  U.S.?.;  B.P.,  CitHuNOcHCI. — Colorless,  transparent  prisms; 
w  flaky,  lustrous  leaflets,  or  white,  cr>'stalUne  powder.  Very  sol.  in  water  (1:0.4); 
freely  50I.  in  ale.  (1:3.3);  sol.  in  glyc;  praclicaUy  insol.  in  oils.  IncompatihU  with 
■Uulifs,  sodium  borate  (not  boric  acidl.  silver  nitrate  and  calomel.  Solutions  decom- 
pose on  keeping  (a  15  per  cent,  solution  in  Dilute  .\lcohol  is  said  to  be  permanent; 
Winters teiner,  1906).  Contrary  to  older  statements,  they  are  not  materially  decom- 
posed by  boiling.  Dose,  15  mg.,  j^  gr..  U.S.P.;  6  to  16  rag.,  Ho  to  V^  gr.,  B.P.  Maxi- 
Buua  dose.  50  mg.,  K  gX- 

Inject,  Cocain,  Hyp. — 5  per  cent.    Dose^  0.3  to  0.6  c.c,  s  to  10  minims,  B.P. 

Um,  Carain.,  B.P. — i.j  mg.,  ^io  gr. 

r«g.  Cocain.,  B.P. — 4  per  cent. 

TrocA.  Kramer,  ft  Cocain.,  B.P. — 60  mg.  of  Itrameria;  3  mg.  of  cocain. 
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PREPARATIONS — SOLUBLE    S\'NTHETIC   ANESTHETICS 

AUocain  S- — This  is  a  comple.K  benzol  derivative.     Kutxiia.  igig,  claims  that  it  is 

ewhat  less  toxic  and  more  anesthetic  than  procain,  but  rather  more  irritant.  It 
not  appear  to  have  any  real  advantage. 

.ilypin,  N-N.R. — Benzoxy-dimethylamino-methyldiraethyl-aniinobutane  hydro- 
diiorid. — This  is  efficient  on  mucous  membranes,  and  is  used  especially  in  the  urethra, 
tts  structure  resembles  stovain. 

It  is  more  irritant  than  cocain.  Several  cases  of  sudden  collapse  and  asphyxia, 
^tfr  its  injection,  have  been  reported  (Ritter,  1012;  Lichtcnstcin,  1914;  lumbar, 
^iert.  Nebenwirk.,  1Q15,  p.  104).     Themaximaldoseof  o.  35  Gm.  must  not  be  exceeded. 

.\lypin  solutions  should  not  Iw  kept  longer  than  a  week  (Impcns,  1905).  They  are  not 
ftidily  precipitated  by  alkalies  and  the  base  is  very  soluble  in  oils. 

Apoikciin. — Diethyl-amino-propyl  cinnamate  hydrochlorid.  Properties  and  uses 
'tttmble  procain. 

Ooiage.  for  injection  anesthesia,  i  to  2  per  cent.,  with  epinephrin  i :  100,000.  '  On 
fWuea,  J  to  4  per  cent.     Spinal  anesthesia,  2  c.c.  of  4  per  cent. 

.\pothesin  is  relatively  safe;  but  severe  collapse  has  been  reported  from  the  injection 
j(iaad  2  percent,  solutions  in  throat  work  (Mayer  c/ a/.,  1920);  and  death  has  occurred 
nom  spinal  injection  (Ireland,  Dubnff,  1020). 

hauyl  AUohot,  N.N.R.  (Phcnmethylol)  CtH»CH,OH.— This  wa?  introduced  by 
Micbl.  1918,  as  an  effective  local  anesthetic  of  low  toxicity  (being  largely  converted  into 
(jWHiric  acid).  Intravenous  injection  causes  vastxiilation.  The  pure  substance  is 
ifnisniADd  somewhat  corrosive;  but  the  watcn.- solutions,  which  contain  up  to  4  percent. 

Itt  riul  irrit:int. 

it-r,   1920,  claims  that  injections  of  benzyl  alcohol  solutions  in  man  are 
;  that  the  anesthesia  is  uncertain;  and  that  it  is  often  followed  by  sub- 
ua  etiema  and  local  pain. 
ll  ii  somewhat  antiseptic  (Macht  and  Nelson.  1918);  but  Drdinar>'  concentrations 
tttooriowly  to  be  efficient  in  wounds. 

It  is  used  for  injection  anesthesia,  generally  as  1  per  cent,  solution.  This  is  also 
in#HU,...:.  _,,.  (Tiucous  membrane,  but  the  action  is  rather  brief  (Sollmann,  1919). 

■hoi  is  pfTectivc  against  the  itching  of  dermatitis;  for  instance  in  the 
'■  ^  -.-.  of  "mustard  gas"  poisoning.  It  is  used  as  a  10  per  cent,  ointment  in 
W;  or  as  a  mixture  of  equal  volumes  of  benzyl  alcohol,  alcohol  and  water  (Hess). 

Spinal  anesthesia  has  been  produced  in  dogs  by  a  to  4  per  cent,  solutions  in  oil  or 
^M  (Voegtlin  and  Li\ingston.  1910).     Benzyl  alcohol  is  soluble  in  all  proportions  in 

oil. 
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Benzyl  Carinnol  (Rose-Oil),  CeH&C3H40H,— Hjort  and  Eagan,  1919,  find  the 
thetic  action  more  powerful  than  that  of  benzyl  alcohol.  Its  toxicity  is  about  the 
but  is  more  stable  and  sufficiently  soluble  for  therapeutic  use. 

Its  isomer,  phenyl-raethyl^carbinol,  is  even  more  eflfeciive,  but  also  more  tod 
It  is  unstable,  and  therefore  not  practical  (Hjort  and  Kaufmann,  1Q20).  ^ 

BctaewaifUF  Hydrochloridum  (Eucain.  Hydrochl.),  U.S. P.  (irimethyl-bcnzotj 
piperidin),  CitHii>fOi-HCl. — White.  cr>'slalline  powder;  odorless.  Sol.  in  water  {\:^ 
and  ale.  (1:35).  Dosage,  locally,  one  to  two  times  that  of  cocain.  The  ancstheC 
effect  is  perhaps  slightly  slower  and  weaker,  and  the  irritation  considerably  ^rcatA 
than  with  the  same  concentration  of  cocain.  The  pupils  are  not  dilated;  the  tissues  4 
rendered  h>'peremic.  The  toxicity  is  four-tenths  that  of  cocain.  Toxic  doses  cad 
con\ailsions,  central  vagus  stimulation,  and  direct  cardiac  depression,  n-ith  fall  of  blo^ 
pressure  (Seifert.  Nebenwirk.,  19x5,  p.  64;  case  and  bibliography,  Orr,  1916).  ^ 

Benzamin.    La(t.,    B.P.    (Bcta-cucain    Lactate),    CuN%iNO,CiH«Oa.— Freely 
in  water  (1:5)  and  ale.  (1:8).     Dose,  8  to  30  mg.,  ^  to  ^  gr.,  B.P. 

Carbinais. — A  series  of  phenyl-carbinols  was  investigated  by  Hirschfelder  rf 
1Q30  (See  below,  Saligenin).     All  are  anesthetic. 

Phenacain  (Hoiocain),  N.N.R.,  (phenetidyl-acetphenetidin  hydrochlorid). — Colo 
less  crystals,  soluble  in  50  parte  water.  Dosage,  for  eye.  i  per  cent.  Anesthetic  actio 
about  as  stronjz  as  cocain,  but  more  rapid  (anesthesia  in  half  a  minute) ;  more  toxic.  M 
effect  on  vessels  has  been  reported  (Gjessing  1915).  \ 

*Procain  (  Sovocain) ,  N.  N.  R.  (aminobenzoyl  -dielhyl-amino-ethanol  hydili 
chlorid). — Colorless  needles,  sol.  in  equal  weight  of  water,  or  30  parts  alcohol.  Tbi 
niVro/e  is  compatible  with  silver  salts.  Dosage,  locally,  one  to  three  times  that  of  cocaia 
Anesthetic  and  irritant  action  perhaps  slightly  less.     No  effect  on  pupil. 

Procain  is  safer  than  cocain.     Occasionally,  however,  toxic  effects  occur  even  wii 
small  doses  (0.01  to  0.13  Gm.);  while  in  other  cases  up  to  3  Gm.  have  been  used  saf 
There  is  no  definite  ratio  between  the  toxicity  of  procain  and  cocain,  since  this  depci 
enormously  on  the  rate  with  which  they  enter  the  circulation;  especialh'  in  the  case 
procain.     This  is  due  to  the  great  rapidity  with  which  procain  leaves  the  circulatio: 
being  fixed  and  probably  destroyed  in  the  liver.     Epinephrin  diminishes  the  toucitjj 
even  by  intravenous  injection,  probably  by  cardiac  stimulation  (Hatcher  and  £gg)estol| 
1916). 

Roth,  1917,  found  that  the  heart  toxicity  ratio  of  (procain:  cocain)  varies  for differeli 
animals  from  i.4:i.ofor  frogs  to  i:ig  for  rats  and  guinea  pigs.  By  intradural  injcctiofl 
the  relative  depressant  effects  on  bloodpressure  and  respiration  were  about  equal. 

After  subdural  injection,  the  excretion  reaches  its  maximum  rale  in  2  hours,  and 
consplcied  in  6  hours  (Achard,  1919I- 

The  details  of  the  clinical  toxic  effects  are  described  by  Seifert,  Nebenwirk,  IQI 
p.  7R;  lumbar,  p.  107.  Renal  irritation  is  not  uncommon  after  local  use  of  5  to  lop 
cent.;  but  disappears  in  a  few  da>'5  (Morian,  1915). 

Procain-derivaiives. — A  scries  of  aromatic  analogs  have  been  studied  by  J.  Bral 
and  Kirschbaum.  1919- 

SaitseHtn  (Saiicyl  alcohol,  salicain),  N.N.R.,  C.H.OHCH,OH.— Hirschfelder rf* 
found  this  the  most  effective,  and  the  least  toxic  and  irritant,  of  the  phenyl-carbinols  I 
far  studied.  Its  toxicity  is  much  lower  than  that  of  the  procain-apothesintypc.  I 
tonsillectomy,  a  per  cent,  saligenin  appeared  as  effective  as  procain. 

Stoviiin,  N.N.R.  (benzoyl-ethyUiimethyl-aminopropano!  hydrochlorid). — Colorld 
scales,  extremely  soluble  in  water,  or  in  5  parts  alcohol.  Dosage,  locally,  as  for  coctil 
Anesthetic  action  slightly  stronger,  irritant  action  (h>'pcremia)  much  greater,  toxidt 
two-thirds  that  of  cocain.     No  effect  on  pupil. 

It  has  been  used  especially  for  spinal  anesthesia,  in  combination  with  str>xh 
(T.  Jonnescu,  1909).  The  immediate  danger  may  be  somewhat  less  than  with  coc 
although  it  is  not  negligible.  The  local  injury  is  much  greater.  Spiller  and  Leo; 
X910,  and  Consoli,  1913.  have  obscr\'ed  degenerations  in  the  nerve  roots  and  cells, 'afl 
subdural  injection  of  stovain.  The  immediate  paralysis  is  more  extensive  than  «il 
cocain,  involving  muscular  movements  (Santcs.«nn.  1906)  and  spinal  reflexes  (Adk 
19061.  On  the  circulation,  it  causes  in  dogs,  quickened  pulse  and  fall  of  blood  pressi 
(Kamenzove,  191 1).  The  kidne>*s  arc  also  rather  irritated,  especially  if  albumin 
was  prc\aouslv  present  fSchwarts,  1907;  Chiaie,  1913).  The  Uver  is  not  affed 
(side  actions.  Seifert,  Nebenwirk..  1915,  p.  91;  lumbar,  p.  109),  A  comparative  sli 
of  the  local  anesthetic  actions  of  stovain  and  its  homologucs  has  been  made  by  Sy 
and  Veley,  191 1. 

The  literature  of  accidents  is  reviewed  by  M.  I.  Smith  and  R,  A.  Hatcher,  ig 
Jour.  Pharm.  Exp.  Ther.,  9:231.  Even  with  intravenous  injection  or  perfusion, 
appears  to  have  no  direct  action  on  the  blood  vessels,  but  toxic  doses  depress  the  h 
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Death  occurs  by  simultaneous  and  independent  paralysis  of  the  heart  and  respiration. 
Stovain  disappears  rapidly  after  injection  into  the  blond  stream,  and  hut  little  is 
KOetwl.  U  is  removed  and  presumably  destroyed  by  the  liver.  It  b  more  tOAJc  than 
procaio  by  corresponding  methods  of  administration. 

In  over  1000  cases  of  stovain  spinal  anesthesia,  about  30  per  cent.,  showed  more 
or  less  by  or  after  eflccts.  One  patient  hud  respiratory  failure;  7  patients  transient 
piraJv'sis  (Muenchmcyer,  IQ08). 

TropacoctiiH  Hydrochiorid,  N.N.R.,  (benzoyl-pscudo-tropein);  occurs  in  Javanese 
coca,  but  the  commercial  is  synthetic.  Colorless  needles,  readily  soluble  in  water. 
h  destroys  the  vasoconstrictor  action  of  cpinephrin.  Dosage,  locally,  one  or  two  times 
that  of  cocain.  Anesthetic  action  about  the  same;  irritation  greater;  toxicity  one-half 
that  uf  cocain;  less  mydriatic;  more  stable  (side  actions,  Scifert,  Nebenwirk,  19x51  p.  97; 
lumbar  p.,  112).     It  is  used  especially  for  spinal  anesthesia  (Stanley,  1916). 

Yohimbin,  C»sH«NjOrHCl. — An  alkaloid  isolated  by  Spiegel,  1896,  from  the 
tark  o(  Yohimbehe  tree  (Apocynacea;;  West  Africa).  Fourneau  and  Page.  1914.  con- 
ader  it  identical  \nth  qucbrachin.  Local  anesthetic,  about  same  strength  but  more 
lasting  than  cocain.  I^ss  toxic,  but  much  more  irritant.  Mydriasis,  without  loss  of 
accommodation.  Vessels  dilated.  Intestines,  e.\ciscd  or  in  situ,  and  bladder  stimu- 
lated by  small,  depressed  by  large,  doses  (.A.  Loewy  and  Rosenberg,  1914).  Solutions 
aic  unstable. 

WTieu  it  is  given  by  the  mouth  or  hypodermically  in  moderate  doses,  it  produces  a 
e^ncral  vasodUaiion  in  the  skin,  mucous  membranes,  and  i>articularly  in  the  sexual 
'^C'liM.  In  consequence  of  the  latter,  and  perhaps  by  a  direct  action  of  the  spinal 
centers,  it  produces  erection.  It  does  not  seem  to  stimulate  the  production  of  spcrma- 
to«o»  or  sexual  desire.    It  does  not  increase  the  rate  of  reproduction  in  mice  (Rumry, 

WIS). 

The  effect  is  not  produced  by  therapeutic  doses  in  man  (5  mg.  or  .^^  gr.),  although 
.U  has  been  promoted  as  an  aphrodisiac.  The  reports  of  clinical  improvement  after 
renl  wcelu  are  probably  explainable  by  suggestion.  Yohimbin  has  also  be«n 
for  lowering  abnormally  high  blood  pressure;  but  Lawrence,  1913,  found 
may  produce  a  further  rise,  with  dangerous  symptoms. 
Larger  doses  produce  psychic  excitement,  cerebral  congestion,  vertigo,  gastric  dts- 
tsrbaoce;  and  in  rabbits,  marked  injury  of  the  renal  epithelium  (Huebner,  191 2). 
Tone  doses  produce  general  stimulation  and  subsequent  paralysis  of  the  ner\'OUS  ccn- 
l*n, particularly  in  the  medulla;  and  complex  effects  on  the  cardiac  muscle  (F.  Mueller, 
'V*;;  J.  Tail,  1910).  The  coronary  ve!^sels  arc  not  affected  (Rabc,  1912);  or  they  arc 
^led  (F.  Meyer,  1912).  Death  occurs  by  respirator}'  paralysis  (for  literature,  sec 
StruWI.  1006). 
Difficultly  Soluble  Local  Anesthetics.— These  are  used  locally  as  dusting  powders, 
[Mch  or  diluted  with  i  to  20  parts  of  talc  or  ointment.  The  interdal  dosage  and  the 
effects  arc  stated  under  cacn  substance. 

Awitluiin,  N.N.R.;  ethyl  amino-benzoate.     Dose,  0.3  to  0.5  Gra.,  5  to  8  grains. 
actions,  Scifer,  Ncncbwirk  1915.  ptigc  44. 
Cyiloform,     N.N.R.;     isobutyl    para-amino    benzoate.    J)ose,   o.x    to    o.j    grams 
•  '"^  3  grains. 

Orthoform,  N.N.R.;  methyl  amino  oxybenzoatc.    Dose^  0.5  to   1  gram,  8  to  15 
Ins.    Sometimes  produces  inflammatory  reaction  (Seifert.  Nefenwirk,    1915,  page 
McClcave,  1914) 
Propwsin,  N.N  R.;  Propyl  aminobenzoate.    Dose,  0.25  to  0.5  grams,  4  to  8  grains. 


Drugs  acting  peripherally  on  the  autonomic-sym- 
pathetic  system 


A  variety  of  poisons  act  peripherally'  upon  the  several  portions  of  the 
rolunlary  or  '* vegetative"  nervous  system,  in  a  more  or  less  specific 
manner.  It  appears  advisable  to  premise  their  individual  consideration 
|jy  a  more  general  exposition,  so  as  to  obtain  an  intelligent  grasp  upon  their 
various  relations,  and  an  insight  into  what  is  known  of  their  action. 
Much  light  has  been  thrown  ujxin  these  in  recent  years,  and  our  concep- 
lions  have  been  largely  revolutionized. 
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Anatomic  and  Physiologic  Relations. — ^The  "autonomic"  system  (in 
the  wider  sense  in  which  the  term  was  introduced  by  Langley)  has  certain 
physiologic  and  anatomic  peculiarities.  Pkysiologkally,  it  includes  all  the 
functions  which  are  subject  to  involuntar>'  nervous  control — the  smooth 
and  cardiac  muscles  and  the  glands.  Their  relation  to  the  central  nervous, 
system  is  peculiar,  in  that  they  are  capable  of  functionating  automatically, 
and  by  local  neuro-muscular  reflexes,  when  all  connections  with  the  cerebro- 
spinal axis  are  severed  (hence  ** Autonomic").  On  the  other  hand,  their 
functions  are  normally  regulated,  augmented  or  inhibited,  by  central  tonic 
impulses  of  varying  inlensity. 

The  chief  aniilomic  peculiarity  of  these  automatic  nerves  b,  that  they 
all  pass  through  relay  ganglionic  cells,  situated  outside  of  the  central  ner- 
vous axis.  These  cells  are  partly  scattered  but  mostly  collected  into  the 
"sympathetic  ganglia."  A  given  nerve  fiber  has  but  a  single  relay  cell, 
although  it  may  pass  through  a  number  of  ganglia. 

Receptor^  Connector  and  Exiitor  Eicmcnls, — These  together  constitute  ever>'  reflex 
path  of  the  voluntary  system.  The  essential  anatomic  difference  between  the  tMro 
systems  is  that  the  cells  of  the  effector  neurons  of  the  involuntary  system  have  wandered 
from  the  central  nervous  system  to  the  periphery,  as  ganglion  relay  cells  (GaskcU,  1016K 

The  receptor  part  comprises  the  sensory  end-organ,  the  sensory  nerve  5bcr,  and  the 
cells  in  the  posterior  root  ganglion. 

The  connector  part  for  voluniary  muule,  is  entirely  within  the  central  nervous  system. 
Its  cells  lie  in  the  posterior  horn,  and  arc  connected  with  the  cxcitor  cells  of  the  pyra- 
midal  tract. 

The  connector  port  of  the  involuntory  system  also  has  its  cells  in  the  central  nervous 
system  (the  lateral  horn  of  the  cord);  but  the  connector  fitiers  run  out  by  the  anterior 
roots  as  fine  meduUatcd  "preganglionic"  sympathetic  (autonomic)  fibers. 

The  excilor  part  oj  the  voluntary  system  consists  of  the  motor  cells  in  the  anterior  horn^ 
and  their  libers,  constituting  the  motor  trunks. 

The  extUor  pari  of  the  involuntary  system  has  its  cells  always  outside  of  the  central 
ner\*ous  ?^ystcm,  as  the  "sympathetic  ganglia."     Its  fibers  are  non-medullated. 

The  sympathetic  ^anf^lia  (including  not  only  the  spinal  ganglionic  chain,  but  also  the 
peripheral  ganglionic  plexuses — the  cocliac,  .Auerbacn's,  etc.)  are  therefore  homologous 
to  tne  motor  cells  of  the  anterior  horn;  thev  are  simply  the  cells  of  the  cxcitor  neurons 
(Gaskell). 

The  *' autonomic  system"  consists  purely  of  connector  afid  cxcitor  nttirons.  It  does  not 
contain  any  receptor  neurons;  these  all  run  to  the  posterior  root  ganglia. 

CotuKctor  Elements. — These  can  not  properly  be  called  cither  sensor>'  or  motor 
(receptor  or  excitor).  They  are  not  confined  to  one  segment  of  the  cord,  but  may  com- 
municate with  other  segments,  near  or  distant.  They  need  not  communicatir  directly 
with  the  excitor  neuron,  but  may  connect  with  other  connector  neurons,  within  the 
central  ncr\'Ous  system,  thus  forming  a  scries  of  relays  between  the  receptor  and  cxcitor 
elements.  However,  such  relaj-s  do  not  occur  outside  of  the  central  nervous  sj-stem 
The  autonomic  nerves  therefore  do  not  have  rela)'s;  and  each  spinal  sympathetic 
ganglion  is  therefore  strictly  segmental.  However,  the  preganglionic  fibers  form  col- 
laterals, through  which  a  connector  cell  innervates  more  than  one  effector  neuron, 
when  important  for  securing  coordination. 


I 
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THE  PARASYMPATHETIC  AKD  SYMPATHETIC  SYSTEMS 

Physiologically,  and  especially  pharmacologically,  as  also  in  iu  embryologic  develop- 
ment, the  autonomic  system  as  u  whole  has  two  fairly  sharply  defined  divisions,  which 
correspond,  anatomically,  on  the  one  hand,  to  the  nerves  having  their  origin  in  the  rrtol* 
of  the  midbrain,  medulla  oblongata,  and  sacrul  cord  (the  craniosacral  or  parasympa- 
tkeJir  systera.  also  often  culled  the  autonomic  system  in  the  restricted  sense);  and  on  the 
other  hand,  those  arising  from  the  dorsal  and  down  to  the  foi|rth  or  fifth  lumbar  ncrvr 
roots  (tlie  sympaiheiic  nyslem). 

"Onfflirufs'*  of  Attlonomic  (Connector)  Filters. — These  leave  the  central  ncrvoi 
system  mairdy  in  three  regions  (being  interrupted  hy  the  outflows  of  the  volunta 
motor  fit>ers  of  the  extremities,  i.e.,  of  the  brachial  and  of  the  lumbar-sacral  plexus 
The  three  autonomic  outflows  are  the  bulbar,  the  thoraci co-lumbar,  and  the  sacraft 
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(ibcrt  arc  also  some  fibers  from  the  midbrain  (Lhtr  presomalic  system)  inncn-ating  the 
dtkry  f&nglion). 

Tht  Sympaihetic  SysUm  Proper. — This  corresponds  to  the  dorso-lumbar  outflow, 
Ihf  nerves  arising  from  the  second  dorsal  to  the  tliird  lumbar  division.  Their  excitor 
ctUi  constitute  the  entire  spinal  "ganglion  chain,"  including  also  the  cervical  and 
EpUodmic  ganglia. 

Thi  Paras ympatheiic  Systatt. — This  includes  the  cranio-bulbar  and  the  sacr&I  out- 
flows- The  connector  fibers  of  these  run  directly  to  the  periphery,  the  excitor  or  relay 
pQstion  cells  being  >iluttlcd  in  or  near  the  end  organs  (the  vagus  and  pelvic  trunks, 
tkrfforc,  are  considered  connector  fibers). 

Distribution  and  Functian. — The  two  divisions  are  usually  antagonistic,  a  given 
4^an  a«^  a  rule  receiving  its  innerv'ation  from  both  divisions,  one  being  augmentor^  the 
other  inhibitory. 

The  sypipdtheUc  division  is  generally  augmcntor  to  the  blood  vessels  and  to  the  organs 
dcfi\Td  from  the  ectoderm;  whereas  the  parasympatheiic  system  is  augmentor  to  the 
argftos  derived  from  the  endodemi.  Gaskell  therefore  calls  the  sympathetic  the 
wodfrmai  system,  and  the  bulbo  sacral  he  calls  the  ntdodcrmai  or  enteral  system.  The 
inbibiting  innervation  is  generally  just  the  converse.  (Circular  and  longitudinal  coat£ 
ilwa)"?  have  the  same — not  reciprocal — innervation;  Gaskell.) 

The  innervation  of  the  sweat  glands  occupies  a  peculiar  position;  anatomically,  it 
id  purely  sympathetic,  but  it  reacts  pharmacologically  as  if  it  were  purely  parasym- 

Klhctic,     The  uterus  is  also  exceptional;  its  sympathetic  innervation  responding  to 
til  classes  of  poisons.     It  must  be  remembered,  however,  that  the  anatomic  evidence 
of  the  origin  of  the  autonomic  nerves  is  in  some  respects  inconclusive. 
The  following  tabulations  are  adapted  mainly  from  Gaskell: 

AuifiKntory  Mot<n  Functions  of  the  Sympathetic  {VasodermaJ)  Division. — These  may 
be  grouped  as: 

Viiscular  System. — All  blood  vessels,  and  including  the  heart  and  the  spleen.  The 
exdtor  cells  are  in  the  lateral  sympathetic  chain. 

Invoivniary  Skin  Muscles. — Excitor  cells  also  in  the  lateral  sympathetic  chain; 
includes  the  sweat  glands,  pilomotor,  anus  and  vaginal  ori6ce,  retractor  penis,  extra- 
ocular, nictitating  membrane,  pupillodilator. 

St^mentat  Dm  t  (by  In'pogastric  nerves;  excitor  cells  in  organs).  Ureter,  uterus, 
ftllopian  ?ubcs,  prostate. 

tniatinal  Sphincters  (excitor  cells  in  mesenteric  ganglion). — Ileocolic  and  internal 
tell!,  perhaps  also  pyloric  sphincter;  vesical  sphincter,  trigone  (in  some  animals 
spreading  over  tlie  entire  bladaer  as  an  additional  coat),  and  urethra. 

iKgmcntory  Motor  Functions  of  I  he  Para-sympathetic  {EntcrnJ  or  Endermic)  System. — 
Tbe  Kius  supplies  the  lungs,  gail-bladdcr,  and  small  intestines;  the  pelric  supplies  the 
vloacal  region,  i.e.,  the  large  intestines,  rectum  and  bladder.  The  excitor  cells  are 
alUAtcd  at  the  periphery;  those  of  tlie  pelvic  nerves  form  the  pelvic  plexus  (formerly 
h>'pogastric  plexus)  on  the  surface  of  the  bladder  and  rectum.  Gaskell 
in  the  cells  of  .Vuerbach's  plexus  as  the  motor-cells  of  the  va^ua. 
'  Auxmentory  Motor  Functions  of  the  Presomalic  System. — The  excitor  cells  arc  in  the 
^^^'Wypaoglion.  and  supply  the  sphincter  of  the  iris  by  the  short  ciliary.  Thisinnerva- 
TV)ti  ilocs  not  properly  belong  to  the  sympathetic  or  paras>'mpalhetic.  The  structure 
;>hincter  is  also  unique,  being  intermediate  between  the  voluntary  and  involun- 
"tles.  The  dilator  of  the  pupil  is  strictly  s>'mpathetic. 
InhhiKrry  Xenes. — With  the  voluntary  system,  inhibition  occurs  within  the  cen- 
ira]  ncr\ous  s^-slem.  With  the  involuntary  system,  special  inhibitorv  fibers  exist,  both 
connector  and  excitor.  (It  is  conceivable  that,  in  addition,  a  single  exdtor  element 
^>  transmit  both  augmcntor>'  and  inhibitory  impulses). 


r 


Distribution  of  Augmentory  and  Inhibitory  Innervations, — The  most 
important  are: 

^'iso-dcrmal  System. — Augmentory  sympathetic;   inhibitory  (so    far 

they  exist),  sacral. 

Cmihil  System, — (Uterus  and  Ureter).  Augmentory  and  inhibitory, 
^  sympathetic. 

Inttstinat  Sphincters. — Augmentory,  sympathetic;  inhibitory,  sacral. 

Intestitial Muscic. — Augmentory,  vago-sacral;  inhibitory,  sympathetic. 

^pkci^us  and  Cardial  Spkinders. — Augmentory  and  inhibitorv;  both 


Heart  and  Vessels. — Augmentory,  sympathetic;  inhibitory,  parasynx- 
pathetic. 

Innervation  of  Glands. — This  correspoads  to  the  same  laws  as  the  muscular  iancn-a— 
tion;  the  glands  derived  from  the  epidermis  (sweat)  receive  their  augmentor  supply  frorr* 
the  sympathetic;  whereas  the  parasympathetic  augments  the  endodcrmal  glands 
(pancreas,  gastric,  mucus,  etc.).  The  salivar>*  glands  probably  have  cells  derived  and 
innervated  from  both  systems. 

Stripe4  MuscU. — It  has  been  suggested  that  the  sympathetic  controls  the  tone  c»f 
striped  muscle.  This  appears  to  i>c  incorrect,  for  S.  Cobb,  iqiS,  tinds  that  section  of  th^ 
abclominal  sympathetic  chain  in  cats  has  no  e0cct  of  decerebrate  rigidity,  «>n  hypo— 
tonicity  of  the  hind  legs  or  tail,  or  on  tendon  reflexes;  nor  does  stimulation  of 
chain  produce  tonic  contraction  of  the  ipsilatcral  hind  leg. 

PHARMACOLOGIC  REACTIONS  OF  THE  AUTONOMIC  SYSTEM 

Nicotin. — Pharmacologically,  the  most  prominent  characteristic  of  ll 
whole  autonomic  system  b  its  reaction  to  nicotin:  this  alkaloid  paralyz< 
all  the  ganglionic  synapses  of  both  the  parasympathetic  and  the  sympi 
thetic  nerves  (often  after  a  fleeting  primary  stimulation).  This  paralysis 
b  so  specific,  that  it  has  proved  of  great  value,  especially  in  the  hands  of 
Langley,  for  locating  the  site  of  these  synapses.  Nicotin,  whether  it  is 
applied  locally  or  systemically,  abolishes  the  response  to  stimulation  oi 
the  preganglionic  fibers,  whereas  the  post-ganglion ic  fibers  respond 
normally. 

Small  doses  of  Nicotin  at  first  stimulate  these  preganglionic  nerves. 

Curare,  Strychnin  and  Brucin. — These  also  depress  or  paralyze  all  preganglionic 
nerves,  analogous  to  nicotin;  and  they  are  antagonized  by  stimulant  doses  of  nicouc 
The  susceptibility  lo  paralysis  is  in  the  following  order:  First,  Cardoinhibitory.  Saenl. 
chorda-secretor>-,  sweat,  pilomotor,  pupil-dilator  and  constrictor,  probably  alw)  bulbar 
and  sacral  vasodilators;  Third,  nictitating  membrane  and  cutaneous  vasodilators. 
Fourth,  cpincphrin-secretors  and  abdominal  vasoconstrictors. 

Most  of  the  other  drugs  which  affect  the  autonomic  system  restrict 
their  action  exclusively  to  one  or  the  other  of  the  two  divisions:  Epim- 
pkrin,  ergoioxin  and  cotain  act  exclusively  on  the  sympathetic  divisions; 
atropin^  pihcarpin,  muscarine  cholin,  and  physostigmin  act  exclusively 
on  the  parasympathetic  division;  the  action  of  acetylcliolin  on  the  para- 
sympathetic system  being  almost  as  specific  as  that  of  cpinephrin  on  the 
sympathelic  (Gaskell). 

There  are  other  drugs  that  act  only  on  certain  parts  of  one  or  of 
both  divisions. 

Aniineuritic  vitamin  apparently  also  belongs  to  the  group  of  paras>'mpatheiic 
stimulants,  and  its  favorable  eEtect  on  nutrition  has  been  attributed  to  stimufation  of 
the  digestive  glands  (Uhlmann,  igiS). 

Drprivation  of  CaUium. — This  increases  the  excitability  of  both  divisions  to  aug- 
mentor impulses. 

Anisofonic  Hoitttions. — Hypertonic  solutigns^Ringer's)  inhibit  the  tone  of  smooth 
muscle,  increase  the  response  to  inhibil*f^*drugs.  and  lessen  the  response  lo  »Uin»- 
lants.     Hypotonic  solutions  have  the  op[K>site  effect  (Dale,  1913). 

PHARMACOLOGY  OF  THE  SYMPATHETIC  DIVISION 

Epiittphrin,  the  alkaloid  of  the  suprarenal  ^land,  produces  a  pure 
ripheral  stimulation,  restricted  exclusively  to  the  sympathetic  system. 
involving  the  entire  distribution  of  this  system  (with  the  exception 
the  sweat  glands).     In  other  words,  the  effects  of  typical  doses  of  epim 
phrin    on   a   given   organ   correspond   precisely    to    the    stimulatioi 
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of  its  sympathetic  nerve  supply  (Levandowsky,  1899;  Langley,  1901; 
Elliott,  1905).  This  has  been  aptly  described  by  the  term  **sympaiho- 
mimetic  action''  (Barger  and  Dale,  1910).  The  action  of  epinephrin  is 
therefore  augmentory  or  inhibitory,  according  to  whether  the  sympathetic 
impulses  are  augmentory  or  inhilntory,  as  follows: 

The  Principal  Sympathetic  Reactions  (e.f^.,  the  Effects  of  Epinephrin). 
The  augfnentory  reactions  consist  in  constriction  of  most  of  the  arteries 
and  consequent  rise  of  blood  pressure;  stimulation  of  the  cardiac  acceler- 
ator; dilation  of  the  pupil;  contraction  of  the  plain  muscle  of  the  orbit; 
flow  of  sympathetic  saliva  and  of  tears,  not  readily  abolished  by  atropin; 
erection  of  hair,  etc. 

Inhibitory  Reactions  concern  the  tone  and  rhythm  of  the  contractions 
of  the  stomach,  intestine,  biliary  and  urinary  bladder  (cat),  and  of  the 
virgin  uterus  of  the  cat. 

Peculiarities  of  Species. — Certain  of  the  sympathetic  reactions  vary  with  the  species 
of  animals,  being  augmentory  in  some,  ami  inhioilory  in  others  (urinary  bladder,  anal 
*I>hincter).  The  sympatlielic  rcacliuti  of  the  uterus  varies  according  lo  its  physiological 
state;  in  the  cat,  the  virgin  uterus  is  inhibited,  whilst  the  pregnant  uterus  is  stimulated. 

All  these  peculiarities  arc  reproduced  exactly  in  the  reaction  tti  epinephrin,  thus 
furnishing  the  mosl  striking  illuslraliuns  of  its  sympatlio  mime  tic  action. 

Other  Drugs  with  Sympathomimetic  Action. — Similar  actions  are  possessed  by  a 
1*.!^  number  of  primary  and  secondary  amins,  the  simplest  tKing  the  primary  fatty 
^.TmxBi,  amylamtn.  etc.).  There  are  quantitative  differences  t)etween  these.  The  reia- 
^vccflecl  on  Uie  different  sympathetic  distributions  does  not  go  parallel;  nor  is  there  any 
parallelism  between  augmentory  or  inhibitory  inner\'ations.  The  intensity  and  spcci- 
^citv  increase  as  the  amins  approach  the  structure  of  epinephrin  (Barger  and  Dale, 
»?>io). 

Cocain  increases  the  peripheral  excitability  of  the  sympathetic  system 
^^ihout  being  directly  stimulant. 

Peripheral  Sympathetic  Paralysis:  Ergotoxin. — The  active  alkaloid  of 
^x^goi  (in  large  closes)  destroys  the  response  of  the  augmentory  sympathetic 
inapulses,  but  does  not  affect  the  inhibitory  sympathetic  impulses  (Dale, 
^Qo6).  It  therefore  prevents,/./.,  the  vasoconstrictor  action  of  epinephrin, 
l^ut  does  not  abolish  the  inhibitory  action  of  epinephrin  on  the  intestine 
Or  uterus. 


PHARMACOLOGY  OF  THE  PARASYMPATHETIC  CRANIO-SACRAL  (OR 
RESTRICTED)  ADTONOMIC  DIVISION 

The  action  of  drugs  on  this  system  is  confined  mainly  to  its  augmen- 
tory functions  (with  the  important  exception  of  the  vagus).  These,  in 
'^eir  entire  peripheral  distribution,  arc  paralyzed  by  atropin;  and  stimu- 
lated by  pilocarpin,  muscarin,  cholin  and  anaphyloloxin.  Physosligmin 
heightens  their  irritability,  perhaps  without  being  directly  stimulant. 
(These  statements  must  be  restricted  to  ly]iical  doses.) 

Atropin  is  therefore  antagonistic  to  all  the  other  drugs  named.  If  a 
S4cro-cranial  function  is  exposed  simultaneously  to  the  depressant  action 
^Uropin  and  to  the  stimulant  action  of  one  of  the  other  drugs,  the  end 
^*^ult  depends  on  the  nature  and  quantity  of  the  drug,  and  upon  other 
^ndilions.  Physostigmin.  for  instance,  is  a  more  powerful  anlago- 
^^  of  atropin  than  is  pilocarpin;  however,  larger  doses  of  the  stimulants 
I'M  to  become  depressant,  so  that  the  atropin  action  tends  to  appear 
predominant. 

The  centers  of  the  parasympathetic  system  are  stimulated  by  picro- 
toxin, 


320 


MANUAL   OF   PHARMACOLOGY 


Principal  Results  of  Parasympathetic  Stimulation  (Pilocarpin,  etc.). 
These  consist  in:  slowing  of  the  heart;  constriction  of  the  pupil;  bronchia 
spasm;  contraction  of  intestine  and  uterus;  increase  of  practically  aJ 
centrally  innervated  secretions  (sweat,  saliva,  mucus,  gastric,  pancr^tic 
etc;  not  urine,  bile,  milk,  nor  the  internal  secretions).  These  are  the  mi 
effects  of  pilocarpin,  muscarin  and  physostigmin. 

Craniosacral  depression   (atropin)   produces  precisely  the  op| 
results. 

DRUGS  WITH  PARTIAL  AUTONOMIC  REACTIONS 

The  preceding  presentation  is  schematic,  and  includes  only  the  lypM 
effects,  as  they  are  currently  conceived.  When  the  doses  and  other  a 
ditions  are  varied,  many  of  these  drugs  depart  more  or  less  from  the  schci 
as  will  be  discussed  later.  This  indicates  that  the  physiological  divisic 
which  are  the  basis  of  the  pharmacologic  divisions,  are  not  as  absolute 
the  schema  would  imply.  In  accordance  with  this,  there  are  a  nuratia 
of  drugs  (for  instance,  apocodein  and  pituitary  extract;  the  latter,  h< 
ever,  is  probably  a  mixture),  which  do  not  fit  anywhere  in  the  schci 
but  whose  actions  involve  isolated  functions  of  one  or  both  divisii 

LOCATION  OF  ACTION 

The  precise  site  of  action  of  the  autonomic  drugs  is  not  yet  satisfactory 
decided.     It  is  currently  assumed  that  they  act  on  the  "myoneural  junc 
tion/*    or   upon   a    'deceptive   substance"   (Langley,    1905),   which    k 
believed  to  be  interpolated  between  the  anatomical  nerve-endings  and 
the  reactive  substance  of  the  cell  (the  contractile  elements  of  the  mus< 
or  the  secretory  elements  of  the  gland  cells).     It  would  perhaps  be  equj 
or  more  exact  to  say  that  they  act  upon  that  property  of  the  cells  whi 
excites  or  initiates  their  peculiar  functions. 

The  essential  evidence  for  this  view  is  the  fact  that  these  poisons  pre- 
serve their  action  after  severance  and  anatomic  degeneration  of  the  post- 
ganglionic ner\'c  fibers,  showing  that  their  action  is  peripheral  to  the  nen- 
ous  structure.  On  the  other  hand,  the  specificity  of  the  reactions,  am* 
their  corresp)ondence  with  the  ph>'siologic  innervation,  indicates  thai  tl 
action  is  not  directly  on  the  contractile  or  secretory  substance.  If  tp5 
nephrin,  for  instance,  acted  directly  upon  the  contractile  elements  of 
smooth  muscle,  it  would  be  difticult  to  understand  why  it  should  throw 
them  into  contraction  in  some  situations,  relax  them  in  others,  or  in  others 
again,  leave  them  entirely  unaffected.  Anatomically,  these  muscles  are 
all  alike;  their  physiologic  properties  are  also  identical,  they  resfx>nd  aliltf 
to  muscular  poisons,  such  as  barium;  the  only  difference  between  them  lic^ 
in  their  innervation.  This  difference  of  innervation  is  reproduced  exacdv 
by  epinephrin;  and  since  the  degeneration-experiments  show  that  tlM 
poison  does  not  act  upon  the  nervous  elements  themselves,  it  follows  tha^ 
both  the  nervous  impulse  and  epinephrin  must  act  upon  the  same  sub- 
stance or  property  of  the  muscle. 
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•    It  is  idle  to  speculate  upon  the  nature  of  this  receptive  substance,  or  receptive  pi 
erty.  until  wc  know  somewhat  more  of  the  real  naturt-  of  the  nervous  impulse,  uf  «iniu 
lation.  and  of  excitability.    The  term  "myoneural  junction"  has  the  advantage  lb»^ 
it  does  not  commit  one  to  any  unproven  hypothesis. 

Phenomena  observed  by  Kdmunds,  1920,  on  the  retractor  penis  muscle  of  the 
indicate  that  in  this  case,  and  probably  also  with  the  bladder,  tlie  action  of  the  dnii 
directly  on  the  muscle  substancx.  This  does  not  invalidate  the  conception  of  the  m 
neuml  junction  for  other  smooth  muscle  (bronchj,  uterus,  iris,  etc.);  but  it  cauti' 
against  unwarranted  generalizations. 
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Anatomic  Localization  of  Depressant  Effects. — The  anaiomic  methods 
of  localizalion  are  quite  simple,  since  ihe  problem  concerns  a  purely  effer- 
ent path.  The  nerve  would  be  stimulated  in  various  sites  in  its  course; 
ihc  paralysis  would  be  located  just  central  to  the  highest  point  which  gave 
a  positive  response. 

For  instance,  after  nicotin,  stimulation  of  the  preganglionic  fibers  of 
the  vagus  (say  in  the  neck),  does  not  slow  the  heart;  stimulation  of  the 
postganglionic  fibers  (in  the  sinus)  causes  slowing.  Nicotin  has  therefore 
paralyzed  the  ganglia. 

After  alropin,  stimulation  of  the  sinus  is  also  ineffective;  the  paralysis 
must  therefore  be  peripheral;  the  heart-muscle  is  evidently  not  paralyzed, 
since  il  is  beating  vigorously.  The  paralysis  must  therefore  be  just  cen- 
tral tu  the  muscle,  i.e.,  in  the  endings  or  myo-neural  jOnction.  It  must  be 
tememl>ered,  however,  that  this  does  not  exclude  the  possibility  of  an 
additional  more  centrally  located  paralysis;  for  instance,  so  far  as  this 
€\nclence  goes,  atropin  might  have  paralyzed  the  vagus  ganglia  in  addi- 
tion to  the  "myo-neural"  junction.  Further,  the  precaution  must  be 
taken  to  employ  a  sufficient  dose  of  the  poison,  for  a  slight  paralysis  may 
often  be  overcome  by  a  powerful  stimulation. 

Anatomic  Localization  of  Stimtilant  Effects.  ^This  would  also  he  very 
sunple,  involving  the  division  of  the  nerve  (or  its  equivalent,  the  appli- 
catioD  of  the  drug  to  excised  organs  or  structures).  For  instance, 
pilocarpin  and  muscarin  contract  the  pupil  of  the  e.xcised  eye,  and 
physosiigmin  increases  its  excitability  to  stimulation  of  the  postgang- 
lionic oculomotor.  Their  action  is  therefore  postganglionic.  It  is  again 
possible  that  the  drug  may  stimulate  an  additional,  more  centrally  located 
structure. 

To  distinguish  between  anatomic  endings ^  myo-neural  junction,  and 
muscle  sitbstance,  the  nerve  is  allowed  to  degenerate,  as  just  described. 

Pilocurpin,/.!,,  remains  cfTeclivc  after  the  anatomic  endings  are  degcnc ruled,  and 
vhtn  therefore  electric  stimulation  of  the  ncrvc  is  ineffective.  However,  if  a  still 
''^'w  lime  elapses  after  the  division  of  the  ner\'e,  pilocarpin  also  becomes  ineffective. 
ll  i»  therefore  generally  assumed  that  the  myo-neural  Junction  also  degenerates,  but 
^urc  slowly  than  the  anatomic  endings.  However,  it  is  also  conceivable  that  pilo- 
''>^in  acLi  on  the  anatomic  nen-e-endinRS.  and  that  the  dcgcneniling  endings  remain 
tin.  .1.1.  .,.  nilocarpin  longer  than  they  do  to  electric  stimulation.  This  proof  of  myo- 
l''f  i<  therefore  not  conclusive. 

ice  from  degeneration  may  also  mislead  if  the  drug,  instead  of  stimulating. 

the  excitability  of  the  reacting  cell.     In  this  case,  the  drug  would  produce  no  visi- 

ffftci  after  degeneration  of  the  endings,  for  this  would  exclude  extraneous  stimula- 

Kuid  the  increased  exciiabiliiy  would  therefore  not  be  apparent.     This  increased 

iubility  of  the  myo-neural  junction  is  supposed  lo  be  the  action  of  phjsostigmin  on 

oculomotor  mechanism. 

Localization  by  Antagonistic  Action. — The  anatomical  localization,  al- 
ttough  simple  in  theory,  is  often  technically  difficult,  and  it  is  beset  with 
limitations  which  have  jusi  been  pointed  out.     It  has  therefore  been 

lempted  to  supplement  and  extend  it  by  pharmacologic  evidence,  based 
*f  antagonistic  actions.  The  matter  was  at  first  conceived  as  very 
**ttple,  namely  as  strictly  analogous  to  anatomic  localization;  a  drug 
piralysis  being  considered  as  equivalent  to  anatomic  division  or  excision; 
*o<i  a  drug  stimulation  as  the  equivalent  of  electric  stimulation.  The 
*ction  of  a  few  drugs  having  been  localized  (with  more  or  less  probability) 

anatomic  means,  it  was  thought  that  the  actions  of  others  could  be 

ilized   by   simply   "matching"   them   against    these  standards.    In 
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localizing  action  by  antagonism,  a  stimulant  poison  was  paired  with  h 
depressant  poison  of  known  action,/.).,  atropin.  If  stimulation  resullea 
(as  with  physosligmin)  it  was  concluded  that  the  action  must  be  peripheral 
to  that  of  the  atropin;  if  there  was  no  stimulation  (as  with  pilocarpin), 
it  was  assumed  that  It  must  be  central  to  that  of  atropin. 

However^  there  has  tjeen  a  good  deal  of  cumulative  evidence  (well 
summarized  by  Magnus,  1908)  that  matters  are  not  so  simple,  and  that 
localization   by   antagonism   has  limitations  so  serious   that   it   can  txr 
utilized  only  in  relatively  few  cases.     The  difficulty  is  that  the  phar- 
macologic stimulation  and  paralysis  are  not  strictly  equivalent  to  the  ana- 
tomic.    In  pharmacologic  antagonism,  the  tissue  is  still  in  the  body  and 
exposed  to  both  poisons;  and  the  resultant  effect  is  rarely,  if  ever,  the  sim- 
ple algebraic  sum  of  their  separate  actions.     One  drug  may  modify  the 
effects  of  another  qualitatively,  as  well  as  quantitatively.     Moreover,  a 
drug  paralysb  is  not  an  irreversible  process,  as  is  anatomic  division  or  exd- 
sion.    The  numerous  instances  of  mutual  antagonism  prove  that  a  func- 
tion which  has  been  completely  abolished  (paralyzed)  by  one  drug  maybe 
revived  by  another.     For  instance  atropin  can  abolish  the  physostigmin 
miosis;  but   physostigmin  can  also  remove   an  atropin   mydriasis— the 
result  depending  upon  the  relative  dosage. 

Localization  by  antagonism  is  therefore  conclusive  only  if  the  antago- 
nism is  not  mutual  and  if  it  involves  absolutely  distinct  structures;  for 
instance,  atropin  abolishes  the  action  of  cevadin  (veratrin)  on  the  cardiac 
vagus;  while  cevadin  does  not  interfere  with  the  atropin  action.  Evi- 
dently, the  cevadin  action  must  be  centra!  to  that  of  atropin. 

Mutual  Antagonisni. — When  two  drugs  are  mutually  antagonistic,  it 
b  natural  to  assume  that  they  act  on  the  same  structure.  This  is  doubt- 
less often  the  case;  but  there  arc  instances  in  which  this  simple  assumption 
oflers  difficulties;  for  in  some  cases,  the  point  of  attack  of  a  drug  appears 
to  be  different  in  the  presence  of  an  antagonist.  This  is  practically  im- 
portant; for  it  is  probable  that  disease  may  produce  similar  modifications- 
The  follow^jng  instances  are  adduced  mainly  by  Magnus,  1908: 

Atropin -Pilocarpin -Physostigmin  on  the  Pupil. — When  the  pupil  ba>] 
been  dilated  by  atropin,  stimulation  of  the  short  ciliary,  i,€.,  of  the  post- 
ganglionic fil>ers  of  the  oculomotor  nerve,  is  ineffective,  while  dirccl 
electric  stimulation  of  the  iris  sphincter  contracts  the  pupil.  Atropia 
therefore  paralyzes  either  the  nerve-endings  or  the  myoneural  junction- 
Pilocarpin  and  physostigmin  both  constrict  the  normal  pupil,  \^^lcn  lbe| 
endings  of  the  short  ciliary  are  made  to  degenerate,  pilocarpin  is  siil 
effective  (Anderson),  but  physostigmin  is  now  ineffective.  The  pilocarpil 
therefore  acts  on  the  receptive  substance  or  muscle;  the  physosiigmit 
would  be  supposed  Lo  act  on  the  extracellular  nerve-endings. 

From  this,  one  might  suppose  that  pilocarpin  should  be  a  more  poi 
ful  antagonist  of  atropin  than  is  physostigmin.     In  fact,  however* 
opposite  is  the  case,  so  that  the  point  of  attack  of  atropin  seems  to 
shifted  more  centrally  by  the  physostigmin,  as  if  it  were  determined  by 
antagonist. 

However,   another  explanation   is  passible,  i>erhaps  more  probabl 
The  weak  point  in  the  argument  is  the  localization  of  the  physostij 
action.     There   is  some  evidence  that  physostigmin  acts  by  incn 
the  excitability  of  the  oculomotor  mechanism,  and  not  by  direct  sti 
laiion;   for  it  lowers   the   threshold   for  stimulation  when  it  docs 
stimulate  directly.     If   this  be   true,   the  failure  of  physostigmin  s 
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nerve  degeneration  would  not  argue  against  its  action  being  on  the 
receptive  substance;  for  degeneration  of  the  nerve  endings  might  interfere 
with  the  physostigmin  action  simply  by  eliminating  the  possibility  of 
extraneous  stimulation.  (If  this  view  is  correct,  physostigmin  should  be 
rendered  active  through  the  presence  of  pilocarpin  even  after  nerve  degen- 
eration; but  the  experiment  has  not  been  tried.) 

Conflict  of  Sympathetic  and  Parasympathetic  Actions. — Langley  and  Dickinson, 
1890,  showed  that  ihe  effects  of  nicotin  on  the  pupil  and  nictitating  membrane  are  the 
mulUnt  uf  simultaneous  stimulation  of  the  sympathetic  and  cranial  innervation.  In 
cws.  the  sympathetic  usually  predominates  (dilation  of  pupil  and  retraction  of  mem- 
bmncK  Pilocarpin,  on  the  other  hand,  causes  constricUon  (oculomotor  stimulation), 
wtuch  is  also  unaffected  by  complete  denervation  (Anderson).  However,  it  acts  also 
OB  ihe  sympathetic,  for  the  nictitating  membrane  retracts.  Both  drugs  therefore  act 
on  both  systems. 

Both  drugs  act  after  degeneration  of  the  nerves^  in  the  body;  but  with  the  excised 
iriB,ordy  the  augmcntor  (oculomotor)  response  persists.  To  explain  this  contradiction, 
Diit  uid  Laidlaw.  1913,  assume  that  the  sympathetic  stimulation  in  dcnerv'aied  ani- 
raib  is  brought  about  by  increased  secretion  uf  epinephrin,  to  which  the  deacrvated 
svrapathetic  endings  are  especially  susceptible. 

Pilocarpin  and  Atropin  on  Intestine.^ — Magnus  worked  out  an  anatomic 
method  for  localizing  the  action  of  poisons  on  the  intestinal  movements, 
as  will  be  explained  presently.  He  could  thus  show  that  the  ordinary 
airopin  action  is  located  in  Auerbach's  plexus,  while  the  pilocarpin  stimu- 
iaiion  is  peripheral  to  this  plexus.  Nevertheless,  the  two  drugs  are 
mutual  antagonists.  Moreover,  the  pilocarpin  stimulation  is  prevented 
by  doses  of  atropin  but  one-hundredth  as  large  as  the  minimum  dose  which 
has  any  effect  on  the  unpoisoncd  gut. 

Apparently,  therefore,  the  point  of  attack  of  atropin  is  shifted  by  the 
presence  of  pilocarpin.  There  is  another  possibility,  however;  for  it  is 
conceivable  that  atropin  might  inhibit  the  pilocarpin  action,  not  by  depres- 
ihe  cells,  but  by  preventing  ihcir  combination  with  pilocarpin  in 

le  way.  This  seems  to  be  nearer  the  truth,  for  Bayliss  and  Starling, 
t^oi.  showed  that  atropin,  while  it  completely  inhibits  the  pilocarpin 
stimulation,  does  not  prevent  the  response  to  stimulation  of  the  extrinsic 
■notor  or  inhibitory  nerves  of  the  intestine,  or  to  the  pinching  reflex. 

Tkreshhold  of  Sympathetic  Stimulation.— It  is  also  possible,  however,  that  the  differ- 
«ca  arc  only  quanliUtive;  for  there  exist  considerable  differences  in  the  threshold 
"'thediflerent  tunclional  fibers  of  sympathetic  nerves  (Grubcr,  1015). 

Pkyiostigmin  A^ainsl  Curare,  Elr.,  Antagonism  on  Excised  Intrs-tinr. — Physostigmin 
pnxnts  a  mutual  antagonism  with  curare,  nicotin,  spurtcin  and  gelseminin;  i.e.,  the 
pljrsMtismin  contractions  are  rchixed  by  these  drugs;  and  further  addition  of  ph>-v>&tig- 
icstopcs  the  periodic  contractions  flkreda,  1916). 

Atropia  and  PUocarpin  on  the  Vasomotor  Mechanism. — This  furnishes  an  analogous 

»ple:  Brodie  and  Dixon  found  that  atropin  removes  the  pilocaipin  vasoconstriction, 

It  impairing  the  response  to  electric  or  other  stimulation  of  the  vasoconstrictor 

BitrMfii  Aaaimt  Curare  and  Nicotin  Antagonism  on  ArUrial  Musdc. — Rarium  pro- 

'iKtt  1  rise  of  blood  pressure;  this  is  inhibited  by  nicotin.  but  is  restored  by  curare. 

D\»  ..,..,.,....  that  barium  docs  not  act  directly  on  the  contractile  substance,  as  is 

>[iosed;  but  on  a  receptor  mechanism  distinct  from  that  of  epinephrin 

'  i  Clark,  1915). 

in  these  experiments,  curare  removes  a  nicotin  paralysis.  Conversely,  the  per- 
9lvnd  vasomotor  paralysis  of  large  doses  nf  curare,  strychnin  and  brucin  is  located  in 
""cells  thai  are  stimulated  by  nicotin  (Langley,  IQ18). 

Kky(kmi<  Coniradions  of  Arlerits. —  These  may  occur  in  isolated  mbbils*  ear,  in 
Imiii.  coronoT}'  vessels.  vS^U,  etc.  Thtyie  are  not  markedly  altered  by  drugs  that  act 
oatrterial  muKle.     Their  function  is  probably  unimportant  (Kravkov,  igx?). 
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Pbysostigmin,  Curare  and  Nicotin  on  Striped  Voluntary  Muscle. — Physostii 
produces  hbrillary  twitchings  of  the  voluntary  muscles.  These  persist  after  secliun  o 
the  motor  nerve  (sciatic).  They  arc  therefore  peripheral  (Harnack  and  WitkoviAki 
1S76).  They  are  suppressed  by  curare,  which  paralyzes  the  endings;  on  the  other  hand 
pfaysosligmin  removes  the  curare  paralysis  fPal  and  Rothbcrgeri. 

Magnus,  and  Langlcy  and  Kato,  igi5,  found  that  the  physostigmin  fihriUationscar 
not  be  produced  when  the  motor  nerve  has  been  cut  and  allowed  to  degenerate  com 
plelcly  ^bul  while  the  muscle  fibers  still  respond  to  direct  stimulation).  This  would 
seem  to  localize  the  physostigmin  action  strictly  in  the  endings;  and  the  case  would  he 
a  typical  instance  of  mutual  antagonism,  both  poisons  acting  on  the  ner\'e-ending5. 

This  conclusion  appeared  to  be  opposed  by  the  tint<if*onism  of  nicotin  and  rurart  vix^ 
striped  muscle.  I>angley,  1906,  showed  that  certain  muscles  of  the  fowl  are  ihrowTJ  into 
tonic  contraction  by  nicotin,  and  that  this  is  removed  by  curare.  This  peculiar  nicotin 
action,  however,  persists  after  degeneration  of  the  nerve;  hence  nicotin,  and  therckirc 
also  rurarc,  must  act  unon  the  intramuscular  "receptive  substance,"  But  if 
paralyzes  an  intramuscular  structure,  its  action  could  not  be  removed  by  phN'Sostiftr 
which  stimubitcs  an  extramuscular  structure. 

The  two  phenomena  arc  reconcilable  by  the  assumption  that  the  curare  attack!( 
receptive  substance  in  the  presence  of  nicotin,  and  that  it  attacks  the  nerve  endings i 
the  presence  of  physostigmin;  in  other  words,  that  the  point  of  attack  of  curare  isder 
mined  by  its  antagonist;  so  that  we  would  be  dealing  with  two  distinct  and  pert 
unrelated  paralytic  actions  of  curare,  manifested  under  different  conditions,  one  on 
extramuscular.  the  other  on   the  intramuscular  strurture.     The  nicotio-tunus  clfe 
appears  to  be  a  distinctive  reaction,  which  has  probably  nothing  in  do  with  orrlir 
muscular  contraction;  so  that  the  curare  block,/ i.,  with  ordinary  sciatic  stimuUtioB. 
probably  the  same  in  all  animals  it./:.,  in  the  nerve-endings). 

Langley,  igi3  and  10^4.  investigated  the  nicotin  effects  on  frogs'  muscle      He  foul 
the  nicolin-tonus  action  quite  distinct  from  the  nicotin-twitchings.     The  twiichir 
/.!.,  arc  prevented  by  a  definite  concentration  of  curare,  whatever  the  concentration  1 
the  nicotin;  whereas,  to  prevent  the  nicotin  tonus,  the  concentrations  of  the  two  d nip 
must  be  kept  proportional, 

Pefidiarili^i  of  Fouls'   Muscle. — The  tonus  action  is  parlicularlv  characteristic 
fowls'  muscle,  which  also  shows  other  related  peculiarities  (Kdrauncfsand  Roth,  i< 
In  these  animals,  not  only  the  nicotin,  but  also  the  physotigmin  actions  persist  x't 
deptcneration  of  Iht  nerve;  the  physostigmin  action  is  not  removed  by  atropin,  «W 
it  IS  so  removed  tn  mammals.     Barium  produces  only  an  increase  of  muscular  lonciBJ 
normal  fowl's  leg;  but  in  a  denervatcd  leg,  or  after  nicotin.  barium  causes  a 
contraction. 

MUSCLES  OF  GENITO-URINARY  TRACT 

The  responses  of  these  to  autonomic  poisons  present  some  interest! 

anomalies. 

Responses  of  Uterus. — They  show  peculiarities  of  innervation 
response  thai  are  of  scientific  anrl  practical  importnnce. 

Nerve  Supply  oj  Uterus. — Tht-  uterus  is  innervated  from  the  sytn| 
thetic.  chicQy  through  the  hypogastric;  and  from  the  parasympathel 
through  the  pelvic  nerve.  Of  these,  the  hypogastric  is  by  far  the  in< 
impfirlant. 

Variation  of  Response  According  to  Species  and  Functional  State. 
response  to  hypogastric  stimulation  and  to  drugs  differs  according  to 
animal  and  pregnancy.  Rabbits  respond  by  contraction;  so  also  do  pi 
nam  or  recently  pregnant  cats;  in  non-pregnant  cats,  the  same  siimulatioo 
inhiliils  contraction  and  lessens  the  muscular  tone.  There  are  occasional 
exceptions  to  this;  but  in  any  case,  ii  may  be  assumed  that  the  aug-; 
mentor  or  inhibitory  response  is  due  to  the  different  functional  condil 
of  the  muscle. 


Quagliariello,  tQifi,  attributes  the  difference  in  the  reaction  of  virgin  and  pi 

uteri  to  the  development  of  new  muscular  fibers  with  predomituint  motor  inncrv« 

Spontaneous  Movements  qJ  Excised  Uterus. — These  present  interest 
problems  of  antagonism,  especially  in    the  cat  (Cushny,   1910). 


J 
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ateriis,  when  placed  in  oxygenated  Ringer's  fluid,  continues 
rm  rhythmic  movements  for  hours  (Kehrer,  1908).  These  vary 
i  physiologic  condition  of  the  organ,  being  most  lively  in  early 
Cy.  In  advanced  pregnancy  they  are  slower  and  separated  by 
ftuses;  but  they  are  extensive.  They  can  be  influenced  through 
jne  ner\'es  and  by  the  drugs  which  act  upon  these  (Cushny,  1906). 

I  Uutnan  Uterus. — This  reapomls  to  female  remedies  exactly  as  that  of  guinea 
tt  that  more  concentrated  solutions  are  required  for  equivalent  effects  i  Pilcher, 

#w  Excised  Uterus. — VocgtUn  and  Lake,  tg  17,  state  that  the  addition  of  4  per 

rater  to  the  Ringer's  solution  in  which  an  excised  uterus  is  suspended  causes 

Imulation,  probably  osmotic.     Therefore,  to  avoid  confusion,  drugs,  etc.,  to  be 

(he  excised  uterus,  must  be  dissolved  in  Ringer's  fluid. 

I  Control  of  the  Uterus.— This  is  relatively  unimportant.     The  motor  center 

ibar  cord  is  stimulated  by  anemia  and  asphyxia. 

Increase  of  Uterine  \favrmenSs. — This  is  secured  by  irritation  of  the  intestine 

fgiol,  especially  by  drastic  cathartics  and  irritant  volatile  oils.     These  should 

be  avoided  in  pregnancy.     They  are  reputatc<l  abortifacieni,  but  are  highly 


b  of  Autonomic  Poisons  on  the  Uterus.  PUocarpin,  Nicotin,  and 
pn. — These  always  produce  the  same  effect  on  the  cat's  uterus 
pslric  stimulation:  augmentation  in  the  pregnant:  inhibition  in 

f regnant.     They  would  therefore  seem  to  act  on  the  .same  neuro- 
path.    Their  reaction  to  alropin,  however,  is  different: 

It  by  itself  stimulates  the  movements  in  small  doses;  while  larger  doses 
It.  Its  main  interest  lies  in  the  antagonisms:  Atropin  abolishes  the  pilocarpin 
^ther  this  be  augmcntory  or  inhibitory;  but  it  docs  not  alter  the  reaction  to 
I  epinephrin.  or  to  electric  stimulation  of  the  h>'pogastric  nerve.  This  is 
Mr  with  the  specific  predilection  of  atropin  against  pnocarptn,  of  which  several 
pave  just  been  given. 

tin,  on  the  other  hand,  abolishes  the  augmentory  effects,  both  of  pilocarpin 
iiephrin;  it  therefore  appears  to  differentiate  between  the  effects,  rather  than 
kc  drugs. 

lolher  phenomenon  is  presented  by  the  physostigmin  and  atropin  antagonism: 
ptA  has  .1  purely  augmentor  action,  whatever  the  state  of  the  muscle;  this  is 
l)y  atropin,  but  the  antagonism  is  one-sided  (contrary  to  the  experience  in 
fesV  further  quantities  of  physostigmin  remain  ineffective. 

Uterus  is  an  instance  in  which  physostigmin,  pilocarpin.  and 
icl  on  the  same  nervous  (sympathetic)  path  as  epinephrin,  and  is 
uisition  to  ihc  sweat  glands  in  which  the  sympathetic  innervation 
to  the  craniosacral  poisons,  and  apparently  not  to  the  sym- 
netic  epinephrin. 

m  of  Different  Uteri  to  Epinephrin. — The  response  to  this  drug,  and  to  sym- 
mulation,  varies  in  different  animals  and  functinnal  >lates,  as  shown  in  the 
ble  (adapted  from  C'lunn  and  Gunn,  rQi4^: 

L'terus  Responds 
By  contraction  By  relaxation 

Pregnant  or  non-pregnant 
Pregnant  Non-prcRnant 

*  Pregnant  or  nonpregnant 

Non-pregnant. , 
L  Non-pregnant.  , 

p ,      Mon-pregnant  (also  tubes). 

feregnant  guinea  pig  uterus  may  respond  by  contraction  (QuagUariello,  iqi6). 

[Drugs  Acting  Peripherally  on  the  Uterus. — Injundibutar  cxtrait  produces 
intraclion  (Frankl  Hochwart  and  l*'roehlich,  1909),  in  all  animals,  pregnant 


pifT  and  rat 
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or  non-pregnant;  also  in  human  uterus,  but  not  in  the  tubes  (although  these 
traded  oy  eptnephrin  (Gunn,  1914). 

Ouinin    increases    the    contractions    (Kurdinowski-Kehrer.     1906).    Cinch 
dQcnonidin  and  quinidin  contract  even  more  powerfully  than  quinin  (Hale.  19x5). 

Morpkin  in  small  doses  is  stimulant,  in  larger  doses  depressant  (Kchrcr). 

Scopolamin  has  no  effect. 

Biitamitt  or  bda-imidazolylcthyiainin  (a  constituent  of  ergot,  also  formed  by 
action  of  bacteria  on  histindin)  is  powerfully  stimulant  (Barger  and  Dale,  igio).     0€ 
related  amins,  peptone,  and  anaphyiatoxin  aft  similarly.     Hydrastin,  hydrastinin   am 
cotarnin  are  stimulant  (Kchrcr,  1907).     The  actions  of  a  number  of  other  drugs 
described  by  Pilchcr,  1916. 

Colloids  on  Uterus  and  Intestine. — The  following  responses  were  found  by  Han«] 

IQ30: 

Stimulation:  "peptone."  rabbit's  scrum,  congo  red. 

Depression:  acacia,  dextrin,  gelatin,  glycogen,  starch,  numan  and  hoxse  scrufl 
nuclcin. 

No  effect:  Agar. 

Bronchi  gave  the  same  responses,  except  to  congo  red. 

Proslalic  Extrai^J. — This  stimulates  all  excised  go  ni  to -urinary  muscle,  the  uteil 
being  especially  sensitive  (Macht,  192a). 

Purified  Or^an  Extracts. — Fawcctt,  ct  al.,  1915,  examined  aqueous  extracts,  ofB 
removal  of  the  nucleo-proteins  and  coagulabic  proteins.  Pituitary,  pineal,  thyioi 
parathyroid,  thymus,  adrenal  glands,  pancreas  and  spleen  were  found  to  contain 
stances  that  stimulate  cat's  uierus.  The  stimulation  was  inhibited  by  epineph 
The  effects  on  intestinal  muscle  differed;  when  stimulated,  it  was  also  inhibited 
epinephrin. 

Correspondence  of  Utenis  and  Intestines — There  is  a  general  correspondence  in 
the  responses  to  most  poisons  (Sugimoto,  191 3;  Dclzcll  et  al.,  1916),  but  the  correspond- 
ence is  not  universal;  for  instance  it  docs  not  apiily  to  llie  contractor  effect  of  epinephrin. 

Difference  between  Uterus  in  Situ  and  Excised. — With  non-pregnant  cats,  dit 
uterus  in  situ  is  inhibited  by  nicotin,  cytisin,  hydraslinin,  indnlethylnmin  and 
crarpin.     Excised  uteri,  on  the  other  liand,  are  generally  stimulated  by  the&e 
It  seems  from  this  that  there  is  both  sympathetic  (inhibitory)  and  para?ympath 
(augmcntor>')  stimulation.     The  sympathetic  effect  predominates  dunng  life,  but  c 
not  survive  excision.     Dale  andLaidlaw,  1912,  believe  that  the  sympathetic  stimuli 
is  not  direct,  but  through  increased  epinephrin  secretion. 

Practical  Importance  of  the  Uterine  Actions. — The  stimtilaiion  of 

uterine  contractions  is  useful  far  arresting  postpartum  hemoirhage. 
Ergot  particularly  is  employed  for  this  purpose;  Hydrastis  and  coiamin 
have  also  been  used,  but  Lhey  seem  to  be  less  effective.  Pituitary  extract 
is  used  to  initiate  or  strengthen  uterine  contraction. 

Nicotin  (tobacco  infusion),  pilocarpin  and  quinin  are  sometimes  U5«fi 
by  the  laity  as  abortifacicnts;  effective  doses,  however,  are  dangcf*!^^' 

Vagina. — Waddell,  1917,  found  that  both  the  circular  and  longiturfin^ 
muscular  coats  of  various  animals  make  spontaneous  rhythmic  conlrs':- 
tions,  when  excised.  Both  respond  to  autonomic  drugs,  generally  like 
the  uierus  of  the  same  animals. 

Male  Genital  Organs. — The  smooth  muscle  has  motor  sympathetic  and  parasynp*' 
tbctic  innervation,  and  the  excised  organs  behave  generally  like  the  uter\is. 

Uterus  MascultHus. — In  rabbits  the  tone  of  this  organ  is  increased  by  cpiiw'pliri*' 
nicotin,  pituitary,  pilocarpin,  arccolin,  ergot,  hydrastin  and  barium.  This  i&  a»cui*' 
panied  by  decreased  amphludc  in  the  case  of  epinephrin,  nicotin,  pituitary  and  bariuio 
(Waddell,  1916). 

prostate. — This  also  reacts  generally  in  the  same  manner  as  the  uterus  fWsil^^ 
1916). 

Vas  Deferens. — The  movements  arc  stimulated  by  epinephrin,  ergot,  hydnstiai'^ 
pilocarpin,  nicotin  and  barium.  Pituitar>'  is  not  effective.  Atropin  antagonijes  t)* 
pilocarpin  stimulation.     Ergotoxin  reverses  the  epinephrin  stimulation. 

Strychnin,  cocain  and  quinin  stimulate,  even  when  the  nervous  apparatus  has  bK* 
paralyzed  by  atropin  and  ergotoxin.  Their  action  is  presumably  directly  on  the  mn^ 
rular  substance  (Waddell,  1916  and  1917). 
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irork  of  Macht  is  dmcussed  under  Morphin. 

nai  Vessels. — These  also  behave  similarly  to  ihe  vas  deferens  (Waddell,  igi6). 
|Wi)f  P^nis  MuxcU  0^  Dog. — In  this  pilocarpin,  physostigmin.  morphin,  nicodn 
:t  directly 


in  appear  to  acl 
YlCdrounds,  1920), 


[y  on  the  muscle  substance,  and  not  on  the  myoneural 


This  receives  augmenlor  impulses  from  both  the  sympathetic 
ivmpathetic  systems.  Accordingly,  its  contractions  are  aug- 
both  by  epinephrin  and  by  physostigmin,  etc.;  and  these  are 
lized  respectively  by  ergoioxin  and  airopin;  hut  epinephrin  con- 
are  not  removed  by  airopin,  nor  physostigmin  contractions  by 
Both  are  antagonized  by  papavcrin^  benzyl  benzoaU  or  cheli- 
tr  these  depress  the  smooth  muscle  directly.  With  unpoisoned 
these  drugs  relax  the  tone,  without  inhibiting  the  peristalsis 
19 1 6),  They  have  therefore  been  suggested  for  the  treatment  of 
calculus. 

tioD  of  the  splanchnic  and  pelvic  nerves  both  start  ureteral  contractions. 

thetic  innervation  is  more  active  in  the  upper  portion  of  the  ureter^  and  the 

thetic  in  the  lower  (Satani,  iqiq). 

— The  contractions  of  the  excised  ureter  are  first  stimulated,  then  arrested 

,  ^o  that  they  probably  depend  un  the  intactness  of  the  ganglion  cells  (SataniJ. 

"ccts  of  other  substances  on  the  contractions  of  the  excised  ureter  are  as 

oth,  1917): 

m:  stimulates  tonus,  rate  and  amplitude,  similar  to  epinephrin. 

kdein;  first  stimulates,   then  depresses.     Counteracts  epinephrin,  but  not 

D  and  Procain:  stimulate.  , 

^:  depresses, 
mity:  stimulates. 

\m  Alkaloids. — Phenanthren  derivatives  (morphin,  etc)  increase 
iciions  and  tonus.  Isoquinolin  derivatives  (papaverin,  narcoiin, 
hydrastin  and  emetin,  inhibit  contractions  and  relax  tonus. 
1916,  1917,  believes  that  the  inhibitory  action  of  the  papaverin 
due  to  the  benzyl  radicle;  the  stimulation  of  the  morphins 
piperidin.  Piperidin,  arecolin  and  coniin  all  increase  the 
jon.s  and  tonus  of  the  ureter. 

;al  Is&mcrs, — In  general,  the  levo-alkaloids  are  stimulant,  the 
and  inhibitory  or  indifferent.  This  has  been  ascertained  for 
lins,  hyoscins,  epinephrin  and  camphor  (Macht,  1918). 
»Kes  also  to  the  bladder. 

Bladder. — This  also  has  complicated  innervations  and  responses  to  the 

poisons  jLanglcy,  191^;  Edmunds  and  Roth,  1920).     In  cats,  sympathetic 

astricj  produces  rapid  contraction,  followed  by  marked  relaxation, 

j^  imulatiun  (crigcntes)  produces  contraction.     Epinephrin  acts  like 

isi..     -iiLLulation,  i.^.,  it   is  mainly  inhibitory.     With  the  atropin-pUocarpin 

t  localiziition  is  confusing  (Kdmunds  and  Roth).     Probably  the«:  poisons  act 

HuscIl-   directly   (Edmunds,    iq2o).     Pituitary   stimulates   very    powerfully; 

ID  said  not  to  stimulate  (Abelin,  iqiq). 

tUdder. — Lieb  and  McWhorter,  1915,  found  that  this  is  augmented  by  vagus 
itcd  by  "ij-mpathelic  stimulation.  Epinephrin  therefore  relaxes,  while  physoo- 
I  pilocarpin  stimulate,  and  this  stimulation  is  removed  by  atropin.  It  is 
llatcd  by  strophanthJn  and  barium;  relaxed  by  bile  salL^  and  nitrites, 
tin  and  its  esters  either  have  no  effect  on  the  tonus  and  contractions,  or  else 
timuliite.  Papaverin  and  other  isoquinolin  alkaloids  tend  to  decrease  the 
1  contractions.  This  inhibitory  effect  predominates  in  opium.  Atropin  in 
rapeutic  doses  does  not  relax  the  gall-bladder  (Macht,  1917). 
9»S,  states  that  the  normal  rhythmic  movements  are  greatly  increased 
n,  and  by  the  introduction  of  acid  into  the  duodenum. 
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Melaaophores. —  Barbour  und  Spaeth,   1917   Eound  that  the  pigment  cells  of 
respond  to  autoaomic  drugs  like  smooth  muscle.     They  are  generally  constricted  by 
sympathetic    stimulants    (epinephrin).     This    reaction    is  "  reversed "    by    ergoioxi 

Atropin  relaxes;  pilocarpin  and  ph>'&osLigTnin  also  apparently  relax. 

Autonomic  PoisoQS  on  White  Cells. — The  proportion  of  these  cells  is  changed,  t 
significance  being  obscure.     Pilocarpin  and  chnlin  increase,  atropin  diminishes   the 
eosinophiles  and  lymphocytes.     Epinephrin  increases  the  lymphocytes  but  dimini'^hes 
the  cosinonhilef*.     Ilistamin  also  aiminishes  the  eosinophiles  (Port  and  Brunow,  1914.) 

Yeast  Formation. — This  is  affected  by  some  of  the  autonomic  drugs,  although  not 
in  accordance  with  their  autonomic  afBnities  (SomoKRi,  igi6]: 

Atropin  and  auinin:  small  quantities  accelerate;  larRcr  inhibit. 

Pilocarpin  and  cocain:  small  quantities  inhibit;  larger  accelerate. 

Ba»c  ayes  (methylen  blue);  dilute  solutions  stimulate;  moderate  concentrations 
inhibit. 

Add  dyes:  very  UtUc  effect. 


1 


AUTONOMIC  PHENOMENA  OF  INTESTINES 

Peri pherai  Ganglion  Cells  of  Aiterbach' sand  Met ssncr's PUxus.—Thc^t 
cells  have  been  interpreted  in  two  very  tiifferenl  ways.  Gaskell  believes 
that  the  intestines  conform  completely  to  the  ordinary  type  of  involunian' 
innervation,  the  Auerbach  cells  being  merely  the  ganglion  (excitor)  tells 
of  the  vagus. 

Enteric  SysUm, — On  the  other  hand,  Langley,  TQ13,  and  many  others 
believe  that  these  ganglion  cells  constitute  an  additional  link,  interpolated 
between  the  ordinary  (extrinsic)  innervation  and  the  muscle.  They 
suppose  that  the  .\uerbach  ganglia  are  independent  local  nerve-cenlers, 
presiding  directly  over  peripheral  reflexes,  viz.,  segmentation  and  perisul- 
sis;  but  that  the  extrinsic  nerves  can  also  initiate,  augment  and  abolish 
these  movements.  .As  this  plan  is  quite  different  from  the  general  plan 
of  the  autonomic  system,  Langley  distinguished  the  intestines  as  the  "en- 
teric system." 

These  peripheral  nerve  centers  and  their  connections  react  to  the  usual 
autonomic  poisons;  but  the  nature  of  the  reaction  is  distinctive  and  can 
not  be  deduced  from  the  ordinary  schema.  The  extrinsic  nerve  ganglia 
responds  to  nicotin  in  the  usual  manner.  The  effects  on  the  Auerbach 
ganglia  can  also  be  located;  these  are  stimulated  by  atropin  and  nicotin; 
these  and  the  other  autonomic  poisons  also  act  more  peripherally. 

Peripheral  Reflexes  in  Other  Organs. — The  intestines  are  the  most  promineDi' 
but  by  no  means  the  only,  example  of  reflex  response  in  the  absence  of  central  inner- 
vation. In  6shcs  and  amphibians,  for  insumce.  the  iri.s  of  the  excised  eye  responds  t'> 
light,  even  after  removal  of  the  retina  (Sleinach,  1892);  blood  vessels  regain  toeir  too* 
when  their  nervous  connections  have  degenerated,  etc.  These  reflexes  do  Dol  tvtO 
involve  the  presence  of  jicriphcral  nerve  celU.  They  may  be  considered  as  survivals  0' 
the  reflex  mechanism  of  the  lower  invertebrates  (Parker,  iqoq).  This  conception  ni»y 
help  to  elucidate  some  obscure  pharmacologic  phenomena. 

Extrinsic  Innervation  of  the  IntestinB.— .S"ymf(jV//WiV  nerves,  ninning  through  ll>* 
superior  and  inferior  splanchnic  and  mesenteric  ganglia,  supply  the  whole  tract,  froB^ 
the  cardia  to  the  anus,  mainly  with  inhibitory  hbers. 

The  parasymfiaihetk  supply  consists  of  the  augmentory  erigens  and  pelvic  nerves 
the  anus,  rectum  and  colon;  and  the  vagus  fibers,  distributed  from  the  esophagus 
the  end  of  the  ileum.     The  vagus  innrrixilion  causes  a  short  primar>'  inhibition,  folloi 
by  marked  stimulation.     It  is  not  known  whether  the  extrinsic  nerves  connect  with 
local  nerve  cells;  or  whether  they  act  independently  on  the  muscle;  or  both.     The  bull 
sacral  inner\'ation  seems  useful  mainly  for  initiating  tone,  which  is  then  maintainedi 
the  local  mechanism.    The  initial  inhibition  favors  the  ingress  of  the  chyme  (Caonoc 
IQ11).     The  "roll  movements"  which  propel  the  contents  for  long  distances,  arc 
extrinsic  origin,  due  to  A-agus  stimulation  with  simultaneous  depression  of  sytnpathrt 
inhibitign  (Meltzer  and  Auer,  1907). 
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Differences  of  Rhythm  at  Various  Levels. — In  intact  animals,  the  rhythm  is  faster 
^wrard  the  two  ends  of  the  intestine  than  toward  the  middle.  In  excised  intestine,  the 
txte  decreases  with  the  distance  from  the  pylorus;  the  rate  of  the  duodenum  in  rabbits 
being  about  50  per  cent,  faster  tlian  in  the  lower  ilBum.  The  oral  end  is  more  irritable 
md  therefore  acts  as  pacemaker.  It  is  also  less  subject  to  cinncphrin  relaxation  and 
its  lone  is  higher.  On  the  other  hand,  the  slower  rate  of  the  uoorol  end  is  accompanied 
by  RTealer  excursions  (Alvarez,  1914,  iQis). 

The  different  rates  arc  perhaps  based  on  intrinac  differences  in  the  intensity  of 
metabolism.  Cyanid,  for  instance,  or  shutting  off  the  oxygen  supply,  interferes  more 
irith  segments  from  the  higher  portions  of  the  intestine  (.Vlvarez,  iqi8). 

.Mvarez  and  Starkweather,  iQif*.  believe  that  this  gradient  of  excitability  is  mainly 
concerned  in  regulating  the  physiologic  rate  of  propulsion  of  the  food  through  the  various 
Itveb  of  the  intestinal  tract.  They  point  out  that  there  is  really  no  good  evidence  that 
ihc  Starling-BaylissLaw  or  Cannon's  n^cnteric  reflex  arc  concerned  in  the  normal 
propulsion  of  food. 

Drugs  OH  Intestinal  Rhythm. — The  -effects  have  been  studied  by  AIva.rez,  1918. 
The  changes  in  rhythm  are  not  necessarily  parallel  to  those  of  the  tone  and  amplitude 
otftiic  contractions.     This  has  also  been  found  by  Pikher  for  the  uterus. 

The  Intrinsic  N  euro -muscular  Mechanism, — The  scgmcnlntioTi  (pendulum)  move- 
ments and  the  ordinarj'  peristaltic  movements  arc  entirely  of  peripheral  origin,  since 
Ibeyare  obscr\*ed  also  in  the  excised  intestine  even  when  the  mucosa  and  submucosa  are 
feraovcd.  They  are  originated  periplieral  to  the  ganglia;  for  they  persist,  under  suitable 
conditions,  for  live  days  after  death,  when  the  ganglia  must  be  dead;  and  they  can  also 
be  evoked  in  preparations  from  which  the  ganglia  have  been  removed  anatomically 
(Gunn  and  Underbill.  IQ16).  The  rhythmic  segmentation  movements  are  automatic; 
the  peristaltic  movement<i  are  evoked  reflexly  (as  in  the  Bayliss-Starling  rctlcx;  a  pinch 
causes  the  intestine  to  constrict  for  i  or  2  cm.  above,  and  to  relax  for  some  ^o  cm.  below 
Ihc  stimulus).  The  local  nerve-muscle  mechanism  for  these  reflexes  consists  of  the 
longitudinal  and  circular  muscular  coals,  innen-ated  by  .Auerbach's  plexus  of  nerve 
odk  and  fibers,  which  lies  between  them.  This  communicates  also  with  Meissner's 
plexus  in  the  submurosa,  which  innervates  the  glands,  muscuJaris  mucosae,  etc.,  but 
which  is  not  concerned  in  the  intestinal  movements. 

Isolation  of  Intestinal  Coats. — Magnus,  1904,  found  that  the  muscular  coats  of  the 
ttt's  intestine  could  be  separated  into  layers^  so  as  either  to  retain  or  eliminate  Auer- 
bach's pIcxTis. 

The  "plexus  preparations"  contain  the  peripheral  ner\e  cells,  and  respond  to  con- 
tinued stimulation  by  rhythmic  contractions. 

The  plcxus-frce  preparations  (which  contain  only  the  nene-endings  and  muscle) 
Odtinaxily  respond  to  continued  stimulation  by  a  single  tetanic  contraction,  like  ordi- 
■uy  smooth  muscle;  but  if  the  preparations  are  carefully  protected  against  injury,  they 
ibo  resume  spontaneous  rhythmic  movements  after  a  time  (Gunn  and  Underhill, 

With  the  disappearance  of  spontaneous  movements  by  exposure,  the  reaction  to  all 

'Inijs,  even  barium,  is  abolished.     The  response  to  pilocarpm  and  alropin  disappears 

li   More  that  for  epinephrin  or  barium,  indicating  that  the  parasympathetic  innervation 

Pore  the  sympathetic  (Gunn  and  Underbill). 
mmcHlaris  mucostr  also  contracts,  especially  in  ihc  diagonal  direction.     Its 
is  slow,  rather  similar  to  that  of  the  spleen.     Its  tone  and  rhythm  are  increased 
cpbrin.     Barium  causes  marked  tonic  contraction,  abolishing  the  rhythm  (Gunn 
derhiin. 

I      Localization  of  the  Action  of  Poisons  on  the  Intestine. — The  use  of 

;|  acised  intestine,  and  of  plexus  and  plexus-free  preparations,  aids  in  the 
I  it'aliiaiion  of  the  action  of  poisons. 

If  a  given  action  occurs  in  the  excised  inlestine,  llie  point  of  attack 
must  be  local.  If  the  action  occurs  in  plexus  preparations,  and  not  in 
plexus-free  strips,  it  is  probably  on  the  j^anglion  cells.  If  it  occurs  in  the 
plocu^frce  preparations,  il  must  be  on  the  endings  or  muscle.  No  reli- 
*bk  method  has  been  found  to  disiinRuish  between  ihe  nerve-endings  and 
:ie;  or  belweeen  the  endings  of  the  extrinsic  and  intrinsic  system,  if  the 
be  distinct.  All  conclusions  as  to  these  are  based  on  the  insecure 
tnd  of  analof^. 
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This  general  method  as  ouUmed  only  discover  the  most  peripheral  point  of  att 
which  is  practically  the  moat  important ;  but  it  does  not  exclude  that  the  poi!»on  may 
affect  more  central  structures  at  thc.same  lime.  This  possibility  is  not  merely  theor 
ical;  Eor  even  this  method  shows  that  the  same  drug  may  attack  different  structui 
according  to  the  dose  and  other  conditions.  The  conditions  have  not  been  fully 
lyzed,  and  until  this  has  been  done,  the  localization  of  the  intestinal  phenomena 
be  rather  unsatisfactory.  The  following  exposition  is  mainly  along  the  lines  laid  do 
by  Magnus  (Ergebnisse  der  Ph>'*iolopie,  vol.  7,  igo8,  and  vol.  3,  1903),  and  by  Hi 
Meyer  (Meyer  and  Gottlieb's  Lehrbuch). 

Nicoiin  Group. — The  effects  of  nicoiin  are  complex.     With  excia 
intestines,  small  doses  stimulate  the  muscle  and  produce  a  slight  incre 
of  lone.     With  larger  doses,   the  stimulation  is  violent,  proceeding 
intense  spasmodic  contracture,  but  soon  followed  by  inhibition  of 
movements  and  relaxation  of  the  tone  (Ikeda,  1916). 

The  stimulation  is  probably  ganglionic,  for  it  occurs  with  excised  intestines,  but 
with  plexus-free  preparations.  The  inhibition  has  also  been  attributed  to  stimulal 
of  the  ganglia  (Ikeda). 

The  paralvMs  of  the  ganglia  renders  stimulation  of  the  extrinsic  nerves,  both  of 
vagus  and  sympathetic,  ineffective. 

Curare  and  coniin  also  stimulate  the  muscle  and  produce  slight  Increase  of  t 
Spartein  and  ^elseminin  lower  the  tone  and  gradually  diminish  the  movements  (Tk 

These  four  drugs  and  nicoUn  are  mutually  antagonistic  with  pbysostigmin  (Ike 

Parasympatheiic    Siimulanis. — Physostigmin ,    Pilocarpine    Muscat 
Cholin   and  Colchicifi  produce  violent   irregular  contractions,  and  a! 
tetanic  contraction  of  plexus-free  preparations.     Their  action  must 
postganglionic;  presumably  stimulation  of  the  vagus  endings. 

The  stimulation  of  these  drugs  is  abolished  by  small  doses  of  atropi 
pilocarpin  is  antagonized  by  extremely  minute  doses;  physostigzn 
requires  relatively  the  largest  amount. 

Pilocarpin-airopxH  Ratio. — The  antagonism  of  these  drugs  on  the  excised  intestU 
is  not  in  simple  ratio  to  their  concentration;  for  while  the  pilocarpin,  physostigmiD  ^ 
muscarin  stimulation  depends  on  the  concentration  of  the  drug  in  the  fluid,  the  atropi 
inhibition  depends  on  the  absolute  dosage.  The  antagonism  is  not  materially  influent 
by  temperature  or  U>ion  concentration  (van  Lidth  dc  Jendc,  :qi8). 

Cholin  as  Peristaltic  Ilorntone. — Watery  or  saline  extracts  from  the  serous  sidf 
surviving  intestines  contain  u  substance  that  slimuUtes  the  movements  of  ejd« 
stomach  and  intestines  (Weiland).     This  consists  mainly  of  cholin,  which  is  evident 
present  in  the  intestinal  wall?,  and  is  perhaps  essential  for  the  automatic  func 
of  the  Auerbach  plexus  (Le  Heux,  191S). 

Airopin. — The  eflfects  and  their  localization  differ  according  to  cM 
ditions:  Very  small  doses  have  no  effect  on  the  normal  intestine,  but  ti 
move  intestinal  spasm,  due  to  peripheral  vagus  stimulation  (physostigmi 
pilocarpin,  etc.;  lead  colic,  anemia  of  intestine,  etc.).  The  mot 
response  to  stimulation  of  the  vagus  trunk  is  lessened,  but  not  abolishe 
This  dosage  does  not  affect  the  contraction  on  direct  muscular  irritati* 
(barium,  strophanthin,  cathartics). 

The  action  consists  presumably  in  depression  of  the  augmentory  vagi 
endings. 

Intermtdiaie  doses  of  atropin  (from  therapeutic  to  fatal)  seem  to  1 
differently,  according  to  conditions  and  species.  In  man  (Kaisch.  lOJ 
in  rabbits,  and  in  some  cats  (Hirz,  1913),  they  cause  further  depression  n 
relaxation  of  the  intestinal  tone. 

In  typical  cats  (Magnus)  they  increase  the  movements  of  the  norrt 
intestines  (i,«.,  unless  there  is  vagus-spasm).    This  occurs  also  in 
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excised  intestine,  but  not  in  plexus-free  preparations.  The  segmentation 
movements  also  become  more  regular.  The  action  consists  apparently 
in  stimulation  of  the  Auerbach  ganglion  cells.  Larger  doses  also  paralyze 
ihe  inhibitory  splanchnic  endings. 

Extreme  dosrs  of  air 0 pin  (so  large  that  they  can  not  be  brought  into  action  by  sys- 
temic application,  but  only  locally  and  in  the  excised  intestine)  paralyze  successively 
tbc ganglion  cells,  the  endings,  and  the  muscle,  thus  destro>'ing  the  response  to  the  mus- 
cular poisons  such  as  barium. 

Id  the  excised  intestine,  the  relative  doses  of  atropin  are  as  follows:  o.i  per  cent,  is 
Kquired  to  produce  depression;  0.025  to  produce  slimulation;  and  0.0005  t^  antagonize 
pilocarpln. 

CkoUn  Infiuenct  on  Atropin  Response. — The  variable  and  contradictory  responses 
to  atropin  depend  perhaps  largely  on  the  choUn  content  of  the  intestines.  Small  and 
BMdhiin  doses  of  atropin  are  always  inhibitory  to  freshly  excised  intestines,  in  which  the 
cbolin  content  is  relatively  high.  After  the  intestine  has  been  soaked  in  saline  solutions 
for  some  time,  the  cholin  graoually  leaches  out.  Medium  doses  of  atropin  then  become 
stiniutant;  and  smalt  doses  arc  ineffective  (Le  Hcux,  1920). 

The  optical  isomers  of  atropin  act  quantitatively  alike  on  excised  intestine  (Lilge- 
stnuid,  iqiq). 

SympaUhetic  Stimulants.— K pine phr in  inhibits  the  normal  intestinal  movements;  as 
Also  those  produced  by  atropin.  nicotin,  pilocarpin,  and  strophanthin,  but  not  those  of 
binuHL  This  inhibition  occurs  in  plexus-free  preparations,  and  after  degeneration  of 
the  postganglionic  fibers,  and  is  therefore  located  in  the  myoneural  junction. 

Uusiular  Stimuiant.s. — Barium  suits  provoke  very  violent  contraction;  the  effect 
DCtan  in  plcxus-frcc  preparations  and  is  presumably  (from  analogy)  exerted  directly 
fio  tbe  contractile  substance.  It  is  abolished  only  by  the  very  large  doses  of  atropin 
vbich  paralyze  the  muscle  substance. 

Siropkanthin  (and  presumably  the  other  di^taloid  drugs)  stimulate  in  small  doses 
■uid  inhibit  in  large  doses.  The  effects  occur  m  plexus-free  preparations,  and  hence 
involve  tbe  endings  or  muscle,  presumably  the  latter.  The  stimulation  is  abolished 
only  by  the  extreme  doses  of  atropin. 

Idisctilaneous  Poisons. — Apocodein  paralyzes  the  sympathetic  ganglia,  thus  abolish- 
ing the  inhibition  on  splanchnic  stimulation.  In  the  isolatedintestine,  it  first  stimulates 
the  Auerbach  cells,  and  then  paralyzes  the  endings  or  muscle. 

Amino-a^ids. — Glutamic  acid,  aspartic  acid,  histidin,  glycocoU,  tyrosin  and  cystin 

«CR  tried  in  —  soLutbn  on  excised  intestines  of  cats  and  rabbits,  without  effect. 

too 

Aipamgin  appeared  to  produce  slight  stimulation  (Hirechfelder  and  Cantwell,  IQ18). 

Bydrogcn  Frroxid. — Very  weak  concentrations  (sometimes  i :  1,000,000)  increase  the 

tone  of  excised  intestine  tem[>orarily.     Shortly  this  returns  to  normal,  and  further 

g:rorid  is  then  ineffective.    Larger  doses  inhibit  the  movements  (H.  J.  Hamburger  and 
nuwer). 
¥emaU  Rtmtdics  on  Excised  Intestines. — Delzell,  Burman  and  Pilcher,  1916,  found 
thf  ejects  on  rabbit's  intestine  practically  the  same  as  on  the  guinea-pig  uterus.    Caulo- 
ptiyilum,  however,  leaves  the  tone  almost  unchanged,  while  the  amplitude  is  lowered. 
Viierian  loil)  depresses  the  contractions.     The  viburnums  arc  inactive. 

StDDUich. — Preparations  of  excised  mammalian  stomach  were  found  by  M.  Smith, 
>U*.  to  rc;ict  as  follows: 
^iiocarpin:  Contraction  of  all  regions. 
Airopin:  Counteracts  pilocarpin  and  produces  relaxation. 
Nicotin:  Contraction  with  most  species;  relaxation  with  a  few. 
Epinephrin:  Relaxes  with  most  species;  contraction  with  some.     Sphincters  are 
f»w  contracted. 

ErtiitoTtn:  Relaxes  epinenhrin  contractions. 

UoD-cotic  Sphincter. — Elliott,  1904,  showed  that  this  differs  from  ordinary  intestine, 

fpUocbnic  stimulation  and  epinephrin  produce  contraction.     No  inhibitor)'  nerve  is 

Ruroda,  igi6,  confirms  this  on  excised  intestine;  but  finds  further  that  the 

ipathetic  poisons  (pilocarpin  and  atropin)  as  also  nicotin  and  cocain,  produce  the 

effects  as  on  small  intestine.     This  sphincter  therefore  belongs  to  the  same  class 

the  ikin  and  the  uterus. 

dcum. — Excised  segments  have  Utile  tendency  to  rhythmic  contraction.     This 
mds  to  their  normal  inertia  in  the  body  (/Vlvarez  and  Starkweather,  1918). 
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Colon  Peristalsis. — In  dogs  and  cats  .\lvarcz  and  Slarkwealhcr,  igtB,  often  foti 
the  gradient  of  irritability  reversed.  This  probably  protects  against  too  frcqucn^^ 
defecation.  They  suggest  that  excessively  reversed  gradient  may  be  a  cause  o^^ 
constipation. 

THE  WATURE  OF  ANTAGONISM 

Until  there  is  a  clearer  underslandiriR  of  the  chemical  and  physicaM. 
changes  which  condition  the  actions  of  ihc  antagonistic  poisons,  we  car^. 
conceive  the  nature  of  their  antagonism  only  in  terms  of  crude  analogies  -^ 

I.  We  may  suppose  that  the  stimulant  and  depressant  drugs  each  act  upon  diffcren  -^ 
chcmic  constituents.  In  this  case,  the  combined  effect  would  he  a  sumple  summatio-^r^ 
of  their  separate  actious.  This  might  be  the  explanation  of  the  action  of  atropin  nn^cj 
physostigmin  on  the  oculomotor  junction. 

i.  Both  poisons  may  act  upon  the  same  conslicuent.  In  this  case  the  end  resu^.  ^ 
would  depend  u[M)n  the  relative  afQnity  of  the  two  poisons  for  this  constituent.  Th.i_s 
offers  several  possibilities. 

(fl)  The  two  drugs  may  have  approximately  the  same  affinity — in  this  case  the  erk^ 
effect  would  depend  purely  u]>on  the  relative  quantity. 

(A)  One  drug  may  have  a  much  greater  affinity  than  the  other;  this  might  appl.v, 
for  instiince.  in  the  case  of  atropin  and  pilocarpin  on  the  pupil,  where  a  small  quantity 
of  atropin  suffices  to  abolish  the  effects  of  a  large  quantity  of  pilocarpin;  while  a  Urge 
quantity  of  pilocarpin  is  needed  to  overcome  even  a  trace  of  atropin.     The  case  may  be 
somewhat  analogous  to  the  combination  of  oxygen  and  carbon  monoxid  with  hemo- 
globin. 

if)  The  efficiency  of  the  one  ma^  be  so  much  greater  than  that  of  the  other,  that  tfie 
antagonism  is  pracdcally  irreversible.  Atropin,/.!..  completely  prevents  the  »ctiofl 
of  physostigmin  on  the  uterus. 

,j.  One  poison  might  infiucnce  the  penetration  of  another,  and  in  this  way  alter  Its 
distribution,  and  tlius  again  entirely  change  its  point  of  attack.  This  has  been  shown  by 
Rbrlich  for  certain  dyes;  and  similar  conditions  have  been  shown  to  prevail  for  iniu- 
carin  and  atropin,  hy  Straub;  and  for  morphin  and  chloroform  by  Fucnner. 

With  these  possit)iliLies  in  mind  and  remembering  that  they  are  based 
merely  on  cru<lc  analogies,  it  is  clear,  at  least,  that  antagonism  is  a  highly 
complex  subject.  We  must  be  content,  for  the  present,  with  the  empiric 
facts:  That  the  point  of  attack  of  the  poisons  is  not  absolutely  specific; 
that  it  may  shift  according  io  conditions,  dose,  time  of  action,  etc.;  thai 
the  effect  of  the  same  drug  on  difTerent  structures,  and  even  on  the  same 
structure,  may  be  augmentnry  nr  inhibitory,  or  both;  that  a  poison  may 
present  mutual  antagonism  to  two  poisons  which  act  on  different  slrtic- 
tures;  that  the  antagonistic  dose  may  be  much  smaller  than  the  mininul 
effective  dose  under  ordinary  conditions;  that  the  removal  of  a  drug  (pilo- 
carpin) stimulation  by  a  depressant  (atropin!  need  not  be  accompaniwl 
by  paralysis  to  electric  stimulation,  while  in  other  cases  they  go  hand  in 
hand.  The  schematic  presentation  which  has  been  given  may  serve  as 
ihc  thread  of  Ariadne  through  this  labyrinth;  hut  after  all.  it  is  still  mott 
imiK>rtanL  to  grasp  the  individual  facts  which  have  a  practical  application. 

Quantitative  Antagonism  of  Atropin  and  Pilocarpin  on  Salivary  Secretion. — This  htki 
been  investigated  by  Cushny,  1915.  on  dugs  with  salivary  fistulas.     It  was  found  iha 
the  antagonistic  dose  was  the  same  for  different  dogs.     The  ratio  also  remained 
same  (about  i  part  of  atropin  to  p. 5  of  pilocarpin)  whether  the  two  drugs  were  ini 
simultaneously  or  some  time  apart;  and  it  remained  unaltered  whatever  total 
was  injected.     This  agrees  with  the  laws  of  mass  action,  rather  than  with  those 
chemical  combination. 

Relation  of  Action  to  Intracellular  Penetration,  Storage,  and  Destructioa 
cording  to  W.  iitraub.  1907,   the   effect  of  most  alkaloids  is  proportional    to 
concentration  within  the  cell.     With  muscarin,  however,  he  found  the  relation  oui' 
different :  Here  the  effect  appears  to  depend  upon  the  concentration  outside  the  c«l 
rather,  on  there  being  a  higner  concentration  outside  than  inside  the  cell. 

The  experiments  were  made  by  placing  the  frog's  heart  into  a  muscarin  sohi 
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Tleqaantity  of  poison  remaining  in  solution,  and  the  quantity  which  could  b«  extracted 

froBi  the  heart  were  then  tested  on  a plysia- hearts.     Hearts  Laid  in  a  muscarian  solution 

abow  a  prima r>"  diastolic  standstill,  followed  by  spontaneous  recovery  in  a  few  bourB. 

The  maximal  diastolic  action  occurs  when  very  little  muscarin  has  passed  into   the 

njusde;  while  at  the  time  of  "recovery."  all  the  muscarin  has  passed  into  the  heart. 

If  now  the  recovered  heart  is  placed  into  a  fresh  muscarin  solution,  it  is  again  arrested. 

with  spontaneous  recovery.     This  may  he  done  repeiitedly;  but  the  action  becomes 

shorter  and  shorter,  and  finally  nil.     That  is.  the  heart  becomes  completely  refractory 

to  even  the  hiKhest  conccntnitions  of  muscarin.     If  the  muscarin  conccntraliuii  is 

increased  very  slowly,  the  heart  docs  not  respond.     The  presence  of  atropin  appears 

to  delay  the  pcnelrulion  sonicwhat.     Any  explanation  of  these  phenomena  would  have 

lobe  too  h>'pothetical.     (O.  Loewi,  igu,  considers  the  resumption  of  the  beat  under 

muscariii  as  analogous  to  escape  from  vagus  stimulation,  and  attributes  both  to  increased 

excitability  of  the  cardiac  muscle.) 

Incidentally,  this  furnishes  an  interesting  example  of  antagonism.  The  effects 
of  muscarin  arc  exactly  the  same  in  animals  which  have  no  vagus  mechanism;  but 
*tropia  ii  only  antagonistic  in  animals  in  which  a  vagus  mechanism  is  developed. 

Willi  Epinephnn  the  action  is  also  proportional  to  the  concentration  outside  the 
cejk.  A  still  more  striking  example  is  described  by  Trendelenburg,  igii,  for  bronchial 
*nu\clr.  This  constricts  strongly  in  solutions  of  muscarin,  pilocarpin  or  arecolin. 
Washing  the  poisoned  solution  with  pure  Ringer's  fluid  docs  not  remove  the  constric- 
tion; on  the  contrary,  this  often  causes  a  further  contraction.  The  same  phenomenon 
waiobserved  by  Kuyer  and  Wijenbeck,  ipi^,  on  excised  intestine  and  uterus.  Trans- 
ferring the  poisoned  tissues  into  pure  saline  again  brought  on  the  t>'pical  aupmentory 
or  inhibitory  effect  of  the  poison;  while  transfer  from  the  old  to  a  fresh  solution  of  the 
poiwn  prixiuced  no  result.  This  is  taken  to  indicate  that  the  effect  occurs  only  during 
lhc^nj.;i;r-  «t(  the  poison  through  the  cell  membrane,  into  or  out  of  the  cell. 

Cell  Penneability. — Asher  and  Gannus,  iq".  found  thcit  the  gland  ceils  of  the  nicti- 
tating membrane  of  frogs  take  up  much  more  of  vital  stains  when  they  are  stimulated 
by  pilocarpin  than  when  depressed  by  atropin. 

OPTICAL  ISOMERS 

Most  if  not  all  the  autonomic  poisons  are  optically  active  (or  racemic); 
*nd  the  chcmic  reactions  which  determine  their  specificity  depend  largely 
On  their  sterei>chcmic  configuration.  The  stereoisomers  have  an  identical 
imposition  and  radicals;  but  owing  to  the  presence  of  one  or  more  asym- 
toctric  carbon  atoms,  these  groups  are  arranged  differently  in  space 
iVan'i  Hofi"  and  Le  Bel,  1S74).  This  is  indicated  by  the  optical  activity, 
wthat  these  isomers  are  levorolary,  dexlrorotary,  or  by  the  combination 
of  the  two.  racemic.  Our  knowledge  of  these  phenomena  dales  from  the 
dassic  discovery  of  Pasteur,  that  racemic  tartaric  acid  is  separated  into 
iti  uplical  constituent^  by  mould  funj^.  Since  then,  very  numerous 
instances  have  been  worked  out  on  higher  animals;  such  as  atropin  and 
V'^cyamin;  atroscin  and  scopobtmin;  the  epincphrins,  muscarins,  nico- 
l^s  eocains,  cinchona  alkaloids,  camphors,  etc.  (Fraenkel»  Arineimittel- 
s^Tiihese).  Cells  and  ferments  distinguish  sharply  betw^een  these  stereo- 
™rners,  so  that  they  invariably  differ,  at  least  quantitatively,  in  their 
rnacologic  effects,  the  racemic  being  intermediate  between  the  active 
■'i  \  This  indicates  that  the  reactive  substance  of  the  cells  must  also  be 
ly  active;  and  it  is  suggestive  that  the  effects  of  the  1-active  hyos- 
n  and  l-epinephrin  are  antagonistic  to  those  of  the  d-pilocarpin  and 
'  i"xin  (Cushny,  1908).  In  higher  animals,  the  1-alkaloids  usually 
'  more  powerful  peripheral  effects.  It  is  probable  that  the  cells  can 
iiir  attack  or  destroy  the  one  isomer  more  readily  than  the  other 
in,  1910).  The  asymmetric  nitrogen  atom  also  modifies  the  phar- 
ic  actions,  as  shown  l)y  Hildebrandi,  1905.  for  coniins;  andLaid- 
^*.  i<)t5,  for  canadins.  The  curare  action  of  the  ammonium  bases 
I^Brown  and  Fraser,  1860^  also  depends  upon  the  peculiar  orientation  of  the 
penta\*alent  atom  of  nitrogen  or  similar  elements. 


334  MANUAL   OF  PHARMACOLOGY 


ATROPIN 

Summary  of  Actions, — Atropin  and  other  closely  related  alkaloit 
(hyoscyamin,  scopolamin,  etc.)  produce  a  variety  of  peripheral  and  centr 
effects,  namely: 

1.  Complete  paralysis  of  the  peripheral  distribution  (myoneural  jim 
tion)  of  the  parasympathetic  (cranio-sacral  autonomic)  nerves  (oculomotc 
secretory,  bronchial  musculature,  cardiac  and  intestinal  vagus,  uteru 
etc.). 

2.  Consequently,  antagonism  to  pOocarpin,  muscarin,  physostigmi 
etc 

3.  Slight  stimulation  and,  in  large  doses,  subsequent  paralysis  of  smooi 
and  cardiac  muscle  and  other  cells. 

4.  Slight  peripheral  sensory  paralysis,  on  local  application. 

5.  Excitation  and  then  paralysis  of  certain  cerebral  ^nd  medullai 
centers. 

These  actions  find  varied  application  in  therapeutics,  and  are  of  gre; 
scientific  interest. 

Specificity  of  tiie  Autonomic  Actions. — The  peripheral  actions  of  attopin  are  co 
fined  mainly  to  the  augmentory  nerves  of  the  cranio-sacral  division  of  the  autonon 
system.  To  this  there  are  a  few  exceptions;  for  it  affects  also  inhibitory  cranial  nerv 
(cardiac  vagus)  and  a  few  augmentory  and  inhibitory  sympathetic  nerves  (uterus  ai 
sweat  glands)  (Cushny,  1910). 

Occurrence. — Atropin  occurs  in  a  number  of  drugs  (BeUadonn 
Stramonium,  Hyoscyamus,  Scopola,  Mandragora,  Duboisia,  etc.)  derive 
from  plants  belonging  to  the  order  Solanacese  (the  potato  family).  The 
also  contain  varying  proportions  of  other  alkaloids  (hyoscyamin,  scop 
lamin,  etc.)  which  are  closely  related  to  atropin  in  structure  and  in  actio: 

The  alkaloids,  as  first  isolated,  were  mixtures;  consequenUy,  iht 
properties  appeared  to  vary  with  the  origin,  and  these  mixtures  were  giv< 
specific  names  (Daturin,  Duboisin,  etc.).  The  pretended  differem 
between  scopolamin  and  "hyoscin"  is  a  survival  of  this  tradition. 

HistoricaL — Belladonna  received  but  little  medical  notice,  and  seems  to  have  bei 
first  introduced  into  practice^  as  an  anodyne,  about  i860. 

The  first  indubitable  notice  of  belladonna  occurs  in  1504^  but  it  then  came  qmdk 
into  use  for  poisoning  and  cosmetic  purposes.  The  name  Atropos,  which  Linn6  gave 
the  plant,  is  from  the  oldest  of  the  Three  Fates,  who  cuts  the  thread  of  life.  Belladoni 
comes  from  the  Italian  "handsome  woman,"  as  it  was  used  to  give  luster  to  the  eyi 
On  account  of  the  slow  course  and  the  obscure  symptoms,  belladonna  was  a  favozi 
with  professional  poisoners  in  the  middle  ages,  and  this  abuse  in  regard  to  several  speci 
of  Datura  (Stramonium)  has  existed  in  India  since  remote  ages.  The  name  itsdf 
Sanskrit  (Dhatoora). 

Hyoscyamus  was  mentioned  by  Dioscorides  in  the  first  century,  and  has  been  a» 
continuously  in  domestic  medicine.  It  was  introduced  into  practice  by  Stoerck  in  ti 
middle  of  the  eighteenth  century.  He  also  introduced  Stramonium.  Mandragoi 
(Mandrake)  was  Uie  subject  of  some  interesting  medieval  myths.  The  "herbariuin 
of  Apuleius  (eleventh  century)  quotes  its  use,  externally,  for  headache  and  inaomnii 
and  mternally  for  mania. 

Chemical  Structure  and  Relations. — These  alkaloids  are  ester-lik 
combinations  of  certain  bases  with  organic  acids  of  the  aromatic  series. 

Atropin,  (CnHjsNOa),  is  the  tropeic  acid  ester  of  a  base,  tropin,  and i 
isomeric  with  Hyoscyamin;  hyoscyamin  being  levorotary,  while  atro|a 
is  racemic.    The  esters  of  tropin  are  called  tropeins.    Homatrofin  is  tb 
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mandclic  ester  of  tropin;  and  other  tropeins  occur  naturally  or  may  be 
prepared  synthetically.     Tropin  itself  is  closely  related  to  Ecgonin.  the 
basic  constituent    of   cocain.     The    osccitis   are   analogous    esters   of 
the  base  oscin.    The  tropeic  acid  ester  constitutes  the  important  alkaloid 
Scopolamin  or  hyoscin,  (Ci7H2»NO<).     This  also  occurs  in  isomeric  forms: 
Atroscin   (racemic,   corresponding   to   Atropin);  and  Scopolamin  proper 
flevorotary,  corresponding  to  Hyoscyamin).     Atropin  and  Atroscin  arc 
^e  more  stable  products:  Alkalies  and  many  other  agents  convert  hyos- 
cyamin into  atropin,  scopolamin  into  atroscin. 


I  Chei 


Chemic  Constitutioii. — Tropin  has  the  formula 

-CH,  (a) 


CH/ CI^- 

N.CH,       CHOH  (6) 

1  1*1 

CH, CH cn, 


£cfi(min  (the  base  of  cocain)  is  the  beta  carbo-acid  of  tropin,  one  H  at  {a)  being 
replaced  by  COOH. 

Atropin  is  the  tropeic  ester  of  tropin,  the  H  at  (b)  being  replaced  by  the  radical 

— CflHt 


The  sulphuric  ester  of  atropin  is  nearly  devoid  of  peripheral  actions,  while  the  central 
effects,  especially  the  respiratory  stimulation,  are  preserved.  Scopolamin -sulphuric 
'^tcrdoc*  not  share  this  respiratory  action  (Trendelenburg.  1913). 

ReWidonHin  and  Alropamin  are  isomeric  alkaloids  (beUadonnic  acid  tropeins). 
^eir  formub  differs  from  atropin  by  the  absence  of  a  molecule  of  HjO.  They  are 
present  in  the  plants  in  very  small  amount,  and  it  is  possible  that  they  are  only  formed 
"Juring  the  extraction. 

ComtUution  and  Action. — The  relation  between  these  has  been  investigsted  by 
Cusbny,  igiQ,  ig^o;  using  as  criterion  the  antagonism  of  the  pilocarpin  salivation.  The 
•tropin  effect  is  absent  from  tropin  itself;  but  is  produced  by  many  of  its  compounds, 
*»peciaUy  those  with  the  benzene  nucleus.  It  is  greatly  intensified  by  the  presence 
of  Kydrojtyl  and  of  asymetric  carbon  in  the  side-chains.  The  greatest  activity  is  only 
f*»ched  when  these  are  in  the  form  of  an  aromatic  acid. 

The  asymetric  carbon  is  very  important.  The  1-hyoscyamia  is  40  times  more  active 
^n  the  d-hyoscyamin;  but  even  tliis  is  more  active  than  the  nearest  homologucs  that 
'fc  W)|  nontain  asymetric  carbon.  ThLs  is  not  indispensable,  however,  for  some  activity 
**ttt*  in  tropins  without  asymetric  carbon  and  without  hydroxyls.  These  therefore 
PwUbly  do  not  act  as  anchoring  groups;  but  more  likely  by  affecting  some  physical 
P'operty. 

Oistibutioii  of  Alkaloids. — Beliadonna  and  Stramonium  contain  mainly  atropin  and 
'iy(>*ryamin;  one  or  the  other  alkaloid  may  predominate.  The  hyoscyamin  is  the  most 
■iistributed  of  these  alkaloids,  and  is  especially  abundant  in  young  parts  of  the 
vhcrcas  older  parts  contain  mure  atropin.  It  appear*  therefore  that  the  hyos- 
"^•inin  is  the  original  alkaloid,  and  that  it  is  partly  transformed  into  atropin  in  the 
pl^fjt  itself,  and  also  during  extraction.  These  plants  also  contain  small  traces  of  scopo- 
hnunand  atroscin,  but  the  latter  alkaloids  are  relatively  more  abundant  in  Ifyoscyamus 
^fAScofcla,  talking  the  principal  part  in  the  actions  of  these  plants.  The  distribution 
•■dvanalion  of  the  alkaloids  in  individual  plant?  has  been  studied  by  Sicvers,  IQ13  and 
■vi4-  Thiii  suggests  the  feasibility  of  improving  the  alkaloidal  content  by  selective 
trtnling  (Sievcrs,  1015)- 

Effects  on  Psychic  Functions. — Therapeutic  doses  of  atropin  have  no 
rccptible  effects  on  the  psychic  functions;  but  overdoses  produce  symp- 
15  (see  ''Toxicology")  superficially  resembling  alcoholic  inebriation. 
Howe\*er,  the  exaltation  and  stimulation  are  more  prominent,  "passing 
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from  mere  restlessness  to  hallucinations  and  delirium,  and  even  mani 
and  the  effects  are  much  more  lasting.    Similar  symptoms  are  seen 
animals.     With  toxic  doses  the  stimulation  passes  into  coma,  convulsioi 
and  asphyxia. 

The  convulsions  are  not  entirely  asphyxial,  for  they  are  not  abolished  by  artific 
respiration. 

The  vision  is  disturbed  more  than  can  be  explained  by  loss  of  accommodation. 

The  motor  areas  in  dogs  are  stated  by  some  observers  to  be  more  excitable,  but  oth« 
deny  this. 

In  frogs,  atropin  first  increases  the  reflexes;  this  is  followed  by  general  paralysis,  a 
this  again  by  late  tetanus. 

Respiration. — Therapeutic  doses,  in  man  (i  mg.  hypodermicallj 
stimulate  respiration,  increasing  somewhat  the  rate  and  minute  volum 
and  sometimes  the  depth  of  the  respiration.  The  excitability  of  t^ 
respiratory  center  is  not  increased  directly,  however;  for  the  alveol 
CO2  tension  is  unchanged,  whereas  it  would  be  found  lower  if  the  thresho 
of  the  center  were  lowered.  The  stimulation  is  therefore  indirect;  beii 
due  partly  to  increased  CO2  production  (increased  gaseous  metabolism 
partly  to  increased  "  dead  space  "  in  the  lungs  by  bronchial  dilation  (Eds: 
and  Means,  1914;  Higgins  and  Means,  1915).  Toxic  doses  produce 
late  depression  of  the  center  (Binz,  1896),  which  is  the  usual  cause 
death  in  atropin  poisoning. 

Respiration  in  Animal  Experiments. — The  results  have  been  rather  contradictor 
Heinz,  1S90,  found  no  appreciable  change  in  the  respiratory  volume  of  rabbits;  Wo( 
and  Cerna,  1892,  increased  rate  and  minute  volume  in  dogs.  According  to]  most  o 
servers  atropin  counteracts  respiratory  depression  from  chloral  (Husemann,  1877) 
morphin  (Henbach,  1878;  Binz,  1S87;  Vollmer,  1893) ;  but  others  found  that  it  augmen 
the  morphin  depression  (Oriowski,  1891;  Unverricht,  1892  and  1896). 

Voegtlin  ana  Wiggers,  1918,  usin^  an  improved  method  on  unanestfaetized  dog 
find  that  moderate  doses  of  atropin  stimulate  slightly  after  morphin. 

Atropin  was  ineffective  against  depression  of  the  respiration  by  cerebral  compressi* 
(Loevennart  et  a/.,  1918). 

With  larger  dosesy  the  psychic  excitement  and  muscular  activity  would  increase  t 
respiration  indirectly.     Toxic  doses  depress  respiration,  producing  slowing,  CbtyM 
Stokes  type,  and  finally  cessation.     Artificial  respiration  may  enable  an  animu 
survive  six  times  the  ordinary  fatal  dose. 

Therapeutic  Uses  of  Re^iratory  Stimulation.— The  mechanism  of  this  rcspiratc 
action  in  man  would  render  its  usefulness  doubtful.  On  the  basis  of  the  animal  eipc 
ments  (which,  however,  involve  larger  doses)  it  has  been  used  against  poisoning  by  ni' 
phin,  and  as  a  preliminary  to  anesthesia,  or  even  as  a  restorative  in  anesthetic  fataHt 
(Webster,  1908).  It  is  also  often  used  in  whooping  cough,  but  is  of  doubtful  effiden 
(child  of  one  year,  H2  to  Ho  pr.  of  Extr.  Belladonna,  or  8  to  10  drops  of  Tr.  BellJ 
three  times  daily,  doubling  the  dose  in  a  week  if  tolerance  is  acquired  (A.  Jacobi,  190: 

BRONCHIAL   MUSCLES   AND   GLANDS 

Atropin  paralyzes  the  innervation  of  these  structures,  and  therefor 
dilates  and  dries  the  bronchial  tubes.  The  dilation  is  obtained  in  exdsw 
rings  of  bronchial  musculature  (Trendelenburg,  191 2),  and  is  thercfon 
peripheral.  These  effects  are  especially  important  for  relieving  attacfc 
of  bronchia!  asthma. 

Pharmacology  of  Bronchial  Muscle. — This  also  has  an  important  bearing  osth 
explanation  and  treatment  of  asthma.  The  bronchi  are  innervated  by  the  vagi,  whid 
carry  mainly  constrictor,  but  also  dilator  fibers.  The  response  to  drugs  has  been  studie 
in  intact  animals  by  Dixon  and  Brodie,  1903,  and  by  Sanoz,  1914,  by  recording  tb 
excursions  of  the  lungs  under  uniform  artificial  respiration.     D.  E.  Jackson,  1915,  hi 
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controUcd  their  work  with  the  extra  precaution  of  keeping  the  blood  pressure  level. 
Trendelenburg.  1912,  Baehr  and  Pick,  igijt,  and  Titonc,  191,^.  have  also  checked  it  on 
excised  bronchial  muscle. 

Bronchial  Constriction  is  produced  by  the  drugs  which  stimulate  the  vagus  endings, 
such  as  physoatigmin.  pilocarpin,  muscarin.  cholin,  anaphylatoxin,  peptone,  ergotoxin, 
tyratnin,  histamin,  pituitary,  aspidospcrmin.  etc.;  by  those  which  stimulate  smooth 
muscle,  such  as  barium,  vcratrin,  the  salts  of  many  metals  (vanadium),  quinin  and  sev- 
eral other  alkaloids,  bromin  vapor,  etc.     It  may  also  be  produced  by  direct  stimulation 
of  the  medullary  centers,  as  by  carlwn  dioxid;  or  reflexly  by  Irritation  of  the  mucosa  of 
the  nose,  larynx  or  bronchioles.     Nicotin,  lobelia,  and  curare  and  small  doses  of  pilo- 
carpin produce  an  initial  constriction,  followed  by  dilation.     Jackson  attributes  this 
Kcondar>'  dilation  to  stimulation  of  the  suprarenals.     Muscarin  and  pilocarpin  also 
contract  the  excised  muscle;  ph>'sostigmin  and  vcratrin  do  not.     (E.  Weber,   19x4, 
claims  that  the  bronchoconstrictor  action  of  muscarin,  histamin,  etc..  is  largely  central.) 
Ai^ar  solutions  jierfuscd   through  the  lungs  of  guinea  pigs  produce  prompt  and 
fnarked  distention  of  the  lung  and  arrest  of  perfusion  flow.     The  effect  is  antagonized  by 
paptvcrin  or  atropin,  and  is  due  to  agar  emboli  in  the  pulmonary  vessels.     These  arrest 
the  circulation  and  shut  off  the  bronchi  by  mechanical  compression   fllanzlik  and 
KaRner,  iq3o). 

Bronchial  Dilation. — This  is  produceo  by  drugs  which  paralyze  the  vagus  endings, 
especially  atropin  and  its  related  alkaloids  (Urcser,  1890;  Kinthovcn,  1802;  Beer,  1892) 
'urge dows  of  atropin  also  depress  the  dilator  endings);  by  epinephrin,  which  stimulates 
^e  dilator  endings;  and  by  cholin,  agaricin.  chloroform  and  ether.  Morphin  dilates 
ia  small  doses  but  constricts  in  large  doses.  The  excised  musck*  is  also  rcla.xed  by  atro- 
pin falter  a  brief  constriction^  and  by  epinephrin.  The  vapors  of  ether  and  chloroform, 
>n  concentrations  even  smaller  than  those  used  in  anesthesia,  affect  the  excised  bronchial 
muscle,  ether  (o..^  per  cent.)  producing  dilation,  and  chloroform  (0.6  per  cent.)  constric- 
tion. Amyl  nitrite  and  sodium  nitrite  give  a  temporary  dilation;  ammonium  salts 
produce  a  slight  dilation.  Sodium  iodid  and  camphoric  acid  have  no  effect  in  living 
uiimals.  In  man,  nith  i  mR.  of  atropin,  the  increase  of  dead  space  amounts  to  7  to 
1)  per  cent.  (Higgins  and  Means.  1915). 

Pulmonary  Serves  in  Turtles. — These  respond  to  drugs  somewhat  differently  than 
if)  raammaU.  Nicotin.  pituitary,  lobeltn  and  vcratrin  produce  strong  contraction  of 
^lie  turtle  lungs,  which  is  not  observed  in  dogs.  Codcin  and  pilocarpin  act  as  in  mam- 
n*U  (D.  E.  Jackson  and  Feb,  1918). 

Therapeutic  Application  to  Asthma.  -Bronchial  asthma  is  commonly 
due  to  spasmodic  Lonslriction  of  the  bronchioles,  produced  in  some  cases 
reflexly,  in  others  probably  analogous  to  anaphylactic  reaction.  The 
lumen  of  the  bronchi  may  be  further  narrowed  by  catarrhal  swelling  of 
^eir  mucosa. 

The  constricted  passages  offer  an  insurmountable  resistance  to  expira- 
^n.  This  is  easily  overcome  by  inspiration,  (Cloetla,  1913),  so  that  the 
lungs  become  overdistcnded ;  but  the  respiratory  exchange  is  greatly 
hindered. 

Such  cases  mav  be  promptly  relieved  by  atropin  or  epinephrin.  The 
^tropin  acts  on  both  the  constriction  and  the  hypersecretion.  It  is  also 
cflttlive  against  experimental  bronchial  constriction  (Dixon  and  Lcc, 
*9ii);  and  with  proper  dosage  against  anaphylaxis  (Auer.  1912;  Kersner 
'Od  Xutl,  1911).  It  could  not  be  effective  in  cardiac,  renal,  or  emphyse- 
matous "asthma."  Unfortunately,  it  seems  to  lose  its  effects,  even  in 
^at  would  appear  to  be  suitable  cases.  Epinephrin  is  often  much  more 
active. 

Administration. — Atropin  (M  to  i  mg.,  '{20  to  Ho  gr.)  or  the  drugs 
fOQiaining  it  may  l)c  administered  by  any  channel;  but  inhalation  is  most 
effective  since  it  brings  the  drug  directly  to  the  site  of  its  action.     This  is 

>mplished  by  inhaling  the  smoke  of  burning  stramonium  leaves. 

Atdtma  Powders  consist  of  atropin-containing  drugs,  mixed  with  sufficient  saltpeter 
insure  their  combusLiooi  «.{.,  Powdered  Stramuaium,  3  Gm.^  Lobelia,  i;  Anise,  2; 
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Potos.  Nitrate.  2.  This  dose  is  burned  on  a  plate,  and  the  smoke  inhaled.  Stramonium 
cigarettes  are  also  used;  the  smoke  of  i  to  1.35  Gm.  of  stramoniuni  contains  0.3  to  0.$ 
mg.  atropin  (Gucnther,  1911). 

dRCULATION  ■ 

Single  thetapetUic  doses  of  atropin  do  not  usually  affect  the  pulse  rate  " 
materially;  but  ordinary  experimental  doses  greatly  increase  the  heart  rate 
by  paralyzing  the  vagus  endings.     All  vagus  inhibitions  are  thus  abolished.^ 
The  blood  pressure  rises  moderately,  mainly  through  the  quickened  rate,^ 
but  partly  through  central  vasomotor  stimulation.     If  the  blood  pressure 
has  been  abnormally  lowered  by  excessive  vagus  stimulation,  the  atropin 
rise  will  appear  correspondingly  greater.     The  cutaneous  vessels  are  ac- 
tively dilated  by  atropin,  the  skin  assuming  a  more  or  less  scarlet  color. 
Toxic  doses  F>aralyze  the  vasomotor  center  and  eventually  also  the  arterial 
and  cardiac  muscle,  so  that  the  blood  pressure  falls  profoimdly. 

Action  on  the  Vagus. — Atropin  slimulaies  the  vagus  center  in  common  with  the  other 
medullary  centers.     It  may  thcrcfure  cau^e  a  slight  primary  siowing;  but  this  i£  soon 
overcome  by  the  peripheral  paralysis.    This  vagus  paralysis  results  in  quickened  heart 
rate  in  all  animuU  in  which  tlic  vtigus  is  tonically  active  (in  man,  the  cat,  dog.  etc.)>     la^H 
completely  atropinized  dogs  and  cats,  the  rate  is  about  140  to  340  per  minute.     lli^H 
Mtagus  tone  being  small  in  mbbits  and  in  frogs,  these  animals  show  little  or  no  quick-^^ 
ening;butin  these  the  vagus  is  also  paralyzed,  for  its  stimulation  does  not  slow  the  heart— 
In  man,  the  vagus  tone  is  greatest  in  middle  life,  less  in  uld  age,  and  least  in  infancy^ 
and  the  response  of  the  heart  rate  to  atropin  varies  accordingly. 

The  inotropic  as  well  as  the  chronotropic  functions  of  the  vagus  are  paralyzed  ii^- 
frogs  (Ransom.  1917). 

In  the  auricles  of  terrapin,  atropin  is  said  to  increase  the  tonus,  without  affecting 
the  periodic  tonus  waves  (Gruber  and  Markel,  1918). 

Tlie  duration  of  the  paralysis  varies  with  the  dose,  and  also  with  the  species.     IC- 
lasts  only  a  few  minutes  in  rabbits  (Rossbach,  1874);  longer  in  goiierous  rabbits  (Fleisch- 
mann,   igii).    In  dogs  and  cats,  a  partial  effect  perelsts  for  hours   (Pilcber  an' 
SoUmann). 

The  dosage  required  to  paralyze  the  vagus  has  been  studied  by  Pilchcr  and  Soil 

mann,  19x4.  It  is  always  small,  but  varies  somewhat  in  different  animals,  even  of  th^^ 
same  species,  and  even  for  the  two  vagi  of  the  same  animals;  the  left  vagus  being  moi« — 
susceptible.  Low  blood  pressure  also  increases  the  susceptibility.  In  every  respect .» 
the  susceptibility  to  atropin  is  inverse  to  the  natural  excitability  of  the  vagi.  In  th^^ 
dog,  about  0.01  mg.  per  kilogramlcssens  the  response  to  vagus  stimulation  pcrccplibh-  ? 
and  about  two  or  four  times  this  dose  abolishes  the  response  completely.  When  th^^ 
paralysis  is  incomplete,  a  slight  further  slowing  may  be  secured  by  strengthening  th^s 
stimulus;  but  with  the  larger  dosage  even  the  strongest  stimulus  remains  ine0ecti\'e. 

The  vagus  paralysis  is  located  in  the  termination  of  the  vagus  (or  in  th.  ^ 
receptive  substance);  for  stimulation  of  the  postganglionic  fibers  (at  ih.^ 
sinus-auricular  junction  of  the  frog)  fails  to  slovTlhe  heart. 

Atropin  abolishes  cardiac  inhibition  by  all  drugs  which  act  through  tb  « 
vagus  mechanism,  whether  they  stimulate  this  reflexly  (ammonia  or  chloro- 
form inhalation);  centrally  (picrotoxin  or  veratrum),  or  peripherally  in  the 
ganglia  (nicotin),  or  in  the  endings  (pilocarpin,  muscarin,  ph\'sostigmii»^- 

Results  of  Vagus  Stimulation  After  Atropin. — In  dogs,  when  the  atropin  action  ha< 
gone  just  so  far  that  stimtilation  of  the  divided  vagus  trunk  causes  no  perceptible  slowini?> 
this  still  produces  a  slight  fall  of  blood  pressure;  larger  doses  abolish  this  response  also, 
so  that  tne  inotropic  properties  of  the  vagus  terminations  seem  to  be  somewhat  more 
resistant  then  the  chronotropic. 

Wlien  the  intact  va^us  is  stimulated  in  atropinized  mammals,  the  blood  pressure  may 
fall  or  rise  by  stimulation  of  the  afferent  vasodilator  or  constrictor  fibers  which  run  in 
the  vagus. 

In  atropinized /rog5,  stimulation  of  the  vagus  trunk  quickens  the  heart,  since  thi* 
carries  the  accelerator  fibers,  which  arc  not  affected  by  atropin. 

A  trio- ventricular  Rhythm. — This  may  occur  in  man  from  doses  of  i  mg.  It  sets  11 
within  8  to  10  minutes,  and  soon  reaches  a  maximum,  and  then  disappears.     WiboD> 
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1915,  assumes  that  atroptn  releases  the  A  V  tissue  from  vagus  control  somewhat  before 
it  releases  the  sinus. 

EUcirofardiogram. — In  dogs,  small  doses  of  atropin  usually  produce  auriculo- 
ventricular  block.  With  larger  doses,  this  is  followed  by  increased  sinus  rate.  At  the 
same  lime,  it  abolishes  any  existing  blocks,  sinus  arrhythmias  or  ectopic  beats  (as  with 
digitalis).     In  this  last  respect,  atropin  is  more  efficient  than  nitrite. 

The  A-V  conduction  is  usually  slowed  by  small  and  quickened  by  targe  doses.  The 
P  wave  at  first  tends  to  negative,  then  to  more  positive  (Halsey,  iqi?). 

Perfusion  of  Turtle's  Medulla. — Atropin,  o.oa  per  cent-,  has  practically  no  effect  on 
the  heart  rate  or  rhythm  (Bush.  1019). 

Influence  of  Heart  Rate  oq  the  Output  of  the  Heart. — The  output  of  the  heart  for  a 
given  time  is  the  pmduct  of  the  amplitude  and  rate  of  it.'i  excursions.  The  removal  of 
the  normal  vagus  inhibition  greatly  increases  the  rate;  but  when  the  rate  exceeds  80 
per  minute,  this  tends  to  lessen  the  amplitude  of  the  excursions;  for  a  faster  rate  does  not 
permit  time  for  the  complete  diastolic  filling  of  the  heart.  The  output  is  therefore  not 
proportional  to  the  rate,  if  this  exceeds  80  per  minute  (Y.  Henderson,  1909).  If  the 
minute-volume  nnth  the  rate  of  90  be  taken  as  100,  it  would  be  about  40  per  cent,  at 
the  rate  of  jto;  75  per  cent,  at  60  beats;  120  to  140  per  cent,  between  120  to  240  beats; 
and  100  per  cent,  at  .;oo  beats.  The  approximate  influence  of  the  atropin  quickening 
on  the  output,  and  through  it  on  the  blood-pressure,  can  be  easily  deduced  from  these 
data,  but  it  must  not  be  for);;otten  that  atropin  also  has  other  actions  on  the  circulation. 

Therapeutic  Use  of  Vagus  Actioa. — The  paralysis  of  the  vagus  endings 
indicates  alropin  (i  to  2  mg.,  ,^o  *-o  ^30  gr-*  hypotiermicaLly,  repeated 
as  needed)  in  conditions  of  excessive  vagus  stimulation,  such  as  cerebral 
pressure;  the  reflex  vagus  inhibition  of  colic;  of  angina;  of  chloroform 
anesthesia;  operations  about  the  vagus  trunks,  etc.  Atropin  also  abolishes 
such  cardiac  irre^larities  as  are  due  to  heightened  vagus  excitability 
Cpulsus  respiratorius),  and  it  may  be  used  to  diagnose  whether  a  cardiac 
slowing  is  due  to  vagus  stimulation. 

In  fact,  however,  response  to  atropin  (or  amyl  nitrite)  merely  shows 
that  the  heart  is  still  under  vagus  tone — not  that  the  bradycardia  was  of 
va-gus  origin  (Fredericq,  1916). 

In  partial  heart-block,  the  rate  responds  to  atropin  or  nitrite  (Fredericq, 
^916).  It  has  been  found  clinically  efTeclive  in  sino-atrial  block  (N.  W. 
^rown,  1919,  0.5  to  I  mg.).  It  has  no  effect  in  complete  heart-block  (van 
£gmond,  1913). 

Atropin  Test  for  Typhoid  Fever. — In  fever,  when  the  vagus  control  is 
^eak,  atropin  does  not  produce  much  further  quickening.  This  was 
suggested  as  a  test  for  typhoid  fever,  but  of  course  is  not  specific. 

The  "test"  was  introduced  by  F.  A.  Marris,  1916.  It  consists  in  injecdng  a  mg. 
<4  atropin  bypodermically  into  the  upper  arm.  In  normal  subjects  this  gives  in  ic  to 
>2  minutes  a  maximal  increase  of  20  to  40  beats  per  minute  (often  preceded  by  a  slight 
'lowing  of  2  to  4  beats  per  minute).  This  returns  to  normal  in  about  2  hours  (Fried- 
lander  and  McCord,  I9i8>. 

In  t>phoid  patients,  between  the  loth  and  jxst  day,  the  increase  is  not  more  thaa 
^S  per  minute. 

Marris,  1916,  and  L.  H.  Mason,  IQ18,  considered  this  speci6c  for  typhoid,  occurring 
^tbout  qS  per  cent,  of  the  cases,  independently  of  initial  heart  rate,  and  absent  in  non- 

L     typhoid  fevers.     However,  Frieillander  and  McCord  found  the  test  "positive"  in  & 

I     third  of  patients  with  miscellaneous  non-typhoid  conditions. 

f         Matsua  and  Murnkani,  1018,  have  expanded  the  test  to  comprise  other  drugs,  as 

1     WQncd  under  vagotonia  and  sympathicotonia. 

T  y<xioicnia  and  Symptilhifolonui. —  ICppinger  and  Hess,  iqoq,  assumed  a  normal  equili- 

wium  between  the  svTnpathctic  and  parasympathetic  innervation  of  organs.     In  disease 

i      ^IW system  could  acquire  an  abnormal  tone;  so  as  to  become  hypersen.«;itive,  either  to 

\     'Iwpin  and  pilocarpin  in  vagotonia;  or  to  epinephrin  in  sympatheticotonia.    Later  it 

I     "wiound  that  botn  conditions  may  co-exist  in  one  patient. 

■         ^ppinger  and  Hess  conceived  vagotonia  as  a  manifestation  of  "disturbed  hormoDB 

W     ^yflibrium."    This  conception  is  purely  speculative  (Vincent,  191 7). 
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These  tests  were  applied  systematically  to  typhoid  patients  by  Matsua  and  Mural 
ami,  1918,  with  the  following  results:  1 

Atrophiy  I  mg.  h>'podermically,  acted  strongly  in  bradycardia,  but  was  almost  U| 
active  in  its  absence.  The  most  marked  feature  was  the  increase  of  pulse  rate;  thel 
thirst;  and  lastly  palpitation.  \ 

Ephtfpftrin,  i  mg.  hypodcrmically;  many  patients  responded  with  increased  pul* 
rate,  rise  of  blood  pressure,  increased  respiratory  rate;  rise  of  temperature;  some  als« 
with  tremor  and  glycosuria,  | 

PilocarpJn,  1  mg.  hypodcrmically;  most  patients  responded  with  salivation,  sweati 
nausea,  vomiline:.  singultus;  slowing  of  pulse  was  exceptional. 

Altogether,  those  l>'phoid  patients  with  bradycardia  generally  were  hypersensiti 
to  the  vagus  poisons;  those  without   bradycardia   were  generally  hypersensitive 
epinephrin.     Tnese  latter  presented  a  larger  mortality. 

Alropin-responze  in  "  E^ort  Syndrome"  icith  IrriiaMr  Beari, — The  pulse  rate  respo 
A-ith  the  normal  incipient  slowing,  followed  by  an  increase  which  is  generally  grea< 
than  normal,  i.e.,  6  to  30  per  minute.     The  respiratory  quotient  is  slightly  lowe 
The  basal  metabolism  remains  unaffected  (Sturgis  et  al.,  igig). 

Action  on  Cardiac  Muscles. — Atropin  has  a  slight  direct  cfiect  on  the  cardiac  m$ts 
which  can  be  observed  in  the  isolated  heart,  and  also  on  the  m;rve-frcc  heart  of 
embryonal  chick.     Small  doses  stimulate  the  muscle,  causing  an  increased  tonus,  g 
excursions,  and  some  slowing.     An  exhausted  frog's  heart  may  be  made  to  beat  ai 
Large  doses  diminish  the  tonus  and  may  slow  or  quicken  the  rate.     Finally  the  heart  i 
paralyzed,  but  only  after  Uie  vasomotor  center.     Indeed,  the  cfiecls  on  the  heart  mus<:l 
are  not  of  any  importance  in  the  sytemic  action  of  the  drug,  being  overshadowed  te 
the  other  tfTecls.  J 

In  the  excised  mammalian  heart  (Lani^endorff  method)  atropin  provokes  rhythil4 
contractions  of  the  apex  after  the  base  is  clamped.  This  requires  larger  doses thM 
are  needed  for  paralyzing  the  vagus.  These  large  doses  may  also  restore  the  beat  wm 
it  has  been  arrested  by  muscular  poisons  (Luchsinger,  1881).  J 

In  iniaet  >3nimali,  atropin  increases  the  auricular,  but  decreases  the  ventricum 
efficiency  (Wiggcrs.,  1Q16), 

Vasomotor  Center. — Sollmann  and  Pilchcr,  iqio,  have  shown  by  their  perfusioi 
method,  that  this  is  moderately  stimulated.  The  stimulation  is  not  sufficiently  market 
to  produce  a  rise  of  pressure  when  ordinary  doses  are  injected  after  diWding  the  vagi 

Chotin-Antationism. — Large  doses  of  atropin  prevent  the  vasodilor  effect  of  chol: 
Since  atropin  does  not  counteract  other  vasodilator  reactions,  this  must  be  a  pecu 
mechanism,  probably  peripheral  (Hunt,  iqi8). 

Pulmonary  Vessels. — .\tropin  lias  no  effect  on  the  normal  vessels,  but  removes 
constriction  of  pilocarpin  or  histamin  (Here  in,  igi4J- 

Cerebral  Vessels. — These  are  dilated  (Berezin,  1916). 

Cutaneous  Circulation  and  Skin  Eruptions. — Atropin  produces  intei 
scarlet  flushing  of  Ike  skin,  particularly  of  the  face  and  chest,  occurring 
extensive  erylhemalous  spots,  or  as  a  continuous  erythema  which  has  sot 
times  been  mistaken  for  scarlatina.  This  effect  is  much  greater 
some  patient  than  in  others;  it  may  occur  with  therapeutic  doses.  It 
due  10  dilatation  of  the  cutaneous  vessels  (vasodilator  slimulatioi 
with  increased  general  blood  pressure.  This  hyperemia  may  be  so  iniei 
as  to  lead  to  desquamation. 

TEMPERATURE 

Atropin  suppresses  perspiration,  and  thus  causes  a  rise  of  temperature  with  moden 
doses,  notwithstanding  the  cutaneous  vasodilatation.     Animals  which  do  not 
sweat  glands  (dog)  do  not  show  this  rise.    Larger  doses  produce  a  fall  of  temperati 
from  lessened  heat  production,  the  result  of  the  general  depression.     The  &nai 
vulsions  may  again  cause  a  rise. 
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igi 


This  is  increased  by  therapeutic  doses  (1  mg.)  in  man  (Edsall  and  Means 
Higgins  and  Means.  1925). 

In  dogs,  the  intravenous  administration  of  atropin  diminished  the  respiratory  mei 
holism  and  the  COi  of  the  blood.     This  effect  is  mutually  antagonized  1:^  pilooa 
(Kiemcn,  1918). 
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ACTIONS  ON  THE  EYE 

^tropin  dilates  the  pupil  (mydriasis)  and  renders  it  insensitive  to  light" 
II  a-lso  paralyzes  accommodation  (cycloplegia).  the  lens  being  adjusted 
oaly  for  far  vision.  These  actions  are  entirely  peripheral  and  consist 
in  i^aralysis  of  the  oculomotor  endings.  The  intraocular  tension  in  glau- 
coma is  increased  through  the  mydriasis. 

The  atropin  effects  may  be  removed  by  drugs  which  stimulate  the  ocu- 
looQotor  endings  (pilocarpin,  physostigmin,  muscarin);  and  vice  versa. 

The  atropin  mydriasis  and  cycloplegia  are  very  persistent;  the  mydria- 
sis especially  may  last  for  several  days.  The  ocular  actions  are  pro- 
duced to  a  varying  degree  by  all  the  atropinoid  alkaloids. 

Localization  of  Actions  on  the  Pupil. — To  understand  the  pharmacology  of  the 
interesting  pupillar>'  reactions,  it  is  necessary  to  recall  the  anatomical  reJaiions  of  the 
•Wr  Huckanism  (see  Fig.  10). 

The  iris  contains  two  sets  of  smooth  muscle  fibers,  the  sphincters  and  dilators. 

The  sphincters  arc  innervated  by  fibers  contained  in  the  oculomotor.  These  ter- 
nunate  around  the  cells  of  the  ciliary  ganglia.  From  here  the  fibers  pass  as  the  short 
^icry  nerve. 

Gascct'iaH-G- 


•^'t;.  10, — Innervation  oC  iris  (adnpud  from  P.  Scbults)t  Solid  line  -  tympatttetic  (dilator);  fin« 
dotted  line  *  oculomotor  (eonstrictor) ;  coarse  dotted  line  -•  trigetninal. 

The  nerve  fibers  for  the  dilators  run  in  the  cervical  sympatheii<  and  terminate  In 
">e  mp^ior  cervuol  ganglioM.  The  fibers  which  arise  from  here  go  directly  to  the  dilator 
*usclc  wiihoui  passing  through  any  otlicr  cells.  They  run  to  the  Casscrian  ganglion, 
^^'crr  ihcy  join  the  first  branch  of  the  trigeminal,  and  go  from  here  as  the  long  ciliary 
**'  the  muscle. 

Stimulation  of  the  Sympathetic  Mechanism,  in  any  of  its  parts,  results  in  (sub- 
'^aiimalj  dilation  of  the  pupil,  with  little  disturbance  of  accommodation;  in  Cxophthal- 
**iosand  separation  of  the  eyelids;  and  in  constriction  of  tiie  ocular  vessels.  These  are 
J|*t  effects  produced  by  the  drugs  which  stimulate  the  sj-mpalhelic  division;  t>-picaUy 
°y  cfxain,  less  typically  by  tpinfphrin,  for  this  can  produce  mydriofiis only  if  the  oculo- 
^lor  tone  is  low.  or  if  the  sympathetic  endings  are  h ypc re xci table. 

Stimulation  of  the  Oculomotor  Mechanism,  in  any  of  its  parts,  results  in  constriction 
^the  pupil  I'miosis),  spasm  of  accommodation,  and  lowcnng  of  intraocular  pressure. 
n»ese  are  ihc  typical  cffccl*  of  the  drugs  which  stimulate  the  cranio-sacral  division — 
f^^Qrpin  and  physostigmin.  etc. 

Ptnilysis  of  .the  Oculomotor  Mechanism  has  the  opposite  effect;  namely 
™oe«  just  described  for  **.\tropin."  (The  asphyxiai  dilation  of  the  pupils  is  perhaps 
"^I'to  paralysis  of  the  oculomotor  center.) 

Oculomotor  Tone. — The  iris  appears  to  be  normally  controlled  chiefly  by  variutiona 
*thf  oculomotor  tone,  the  sympatnctic  playing  mainly  the  part  of  a  reciprocal  antago* 
**t— ihjii  is^  it  is  stimulated  when  the  oculomotor  is  inhibited,  and  viic  vena.  The 
^'wig  oculomotor  (constrictor)  tone  is  normally  held  in  check  by  a  great  variety  of 
•J^ry  and  psychic  impulses.  When  these  inhibitory  impulses  are  abolished  (/.».,  by 
"f^,  Qarcosis,  and  in  a  specific  manner  by  morphin),  the  pupils  are  constricted  by  the 
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unchecked  oculomotor  tone.    On  the  other  hand,  when  the  inhibitory  impulses  are 
reinforced,  the  pupils  dilate.    This  occurs  in  excitement. 

Causes  of  Mydriasis. — Mydriasis  can  be  due  to  any  of  the  following 
causes: 

Stimulation  of  the  sympathetic  mechanism  (cocain). 

Paralysis  of  the  oculomotor  mechanism,  peripheral  (atropin)  or  central 
(asphyxia). 

Increased  inhibition  of  the  oculomotor  center  (excitement). 

Causes  of  Miosis. — These  may  consist  in: 

Stimulation  of  the  oculomotor  mechanism,  peripheral  (pilocarpine 
physostigmin),  or  central  (picrotoxin). 

Lessened  inhibition  of  the  oculomotor  center  (sleep,  narcosis,  mor— 
phin). 

Paralysis  of  the  sympathetic  mechanism   (practically  unimportant.^ 

Experimental  Localizatioii  of  ihe  Atropin  Mydriasis. — Atropm  dilates 
the  pupil  on  local,  as  well  as  on  systemic  application.  The  mydriasis 
remains  confined  to  the  eye,  and  even  to  that  side  of  the  eye,  to  which  it  is 
applied.  The  dilation  is  produced  in  the  excised  eye  of  the  frog,  and  even 
in  the  isolated  iris.^    Its  action  must  therefore  be  peripheral. 

The  constrictor  response  to  stimulation  of  the  oculomotor  nerve    is 
abolished  by  atropin.    Stimulation  of   the  postganglionic  fiber  (short 
ciliary)   is  also   ine£fective.    The   oculomotor   mechanism   is    therefore 
paralyzed  peripheraUy  to  its  ganglia.    The  iris,  however,  still  contracts 
to  direct  electric  stimulation,  so  that  the  musde  fibers  are  shown  to  be 
unaffected.    The  paralysis  must  therefore  be  located  in  the  oculomotor 
endings  or  in    the  receptive  substance.    This  is  as  far  as  the  analysis  can 
be  safely  carried. 

The  Behavior  of  the  Sympathetic  Mechanism. — There  has  been  considerable 
discussion  as  to  whether  atropin  in  addition  to  paralyzing  the  oculomotor,  also  stimu- 
lates the  sympathetic  mechanism.  The  question  may  now  be  safely  answered  in  the 
sense  that  there  is  no  direct  sympathetic  stimulation  by  atropin;  for  stimulation  of 
the  sympathetic,  electrically  or  by  cocain,  causes  a  further  dilation  of  the  pup3,  even 
after  maximal  doses  of  atropin.  The  atropinlzed  pupil  constricts  somewhat  when  the 
sympathetic  is  divided;  but  this  is  the  natural  result  oi  cutting  off  the  tonic  s^patbetic 
impulses.  It  has  been  argued  that  the  atropin  dilation  can  not  be  a  passive  process, 
since  it  is  of  sufficient  force  to  tear  firm  adhesions  of  the  iris.  This  merely  shows  that 
the  dilator  muscles  contract  actively;  but  their  contraction  is  simply  the  result  of  the 
withdrawal  of  the  constrictor  tone,  and  need  not  involve  a  direct  stimulation  of  the 
sympathetic  mechanism.  It  is  quite  probable,  however,  that  the  natural  sympathetic 
tone  is  heightened  when  the  constrictor  tone  is  withdrawn,  for  this  would  haxmonixe 
with  the  general  law  of  reciprocal  innervation. 

Direct  Actions  on  the  Iris  Muscle  and  CUiaiy  GaiigUa. — The  statement  that  the     ^ 
muscular  fibers  are  not  affected  by  atropin  must  be  limited  to  moderate  doses.    I> 
greater  concentration  (according  to  most  observers)  it  at  first  stimulates  them,  produc-     j 
ing  a  temporary  narrowing  of  the  pupil;  later  it  paralyzes  them.  ^^     j 

Direct  application  of  very  strong  solutions  to  the  ciliary  ganglion  also  depresiei 
this  structure.  . 

The  iris  of  birds  is  not  dilated  by  atropin,  but  by  curare,  since  it  consists  of  striped 
muscle. 

Changes  in  Intraocular  Tension. — All  mydriatics  tend  to  increase 
intraocular  tension  in  glaucoma,  although  not  in  the  same  degree.  Coft- 
versely,  the  tension  is  lowered  by  miotics.  Neither  has  much  effect  oft 
the  normal  intraocular  tension  (Wessely,  1905;  Bollet  and  Curtil,  1911; 
Luebs,  1913;  Myashita,  1913). 

» SliRht  effects  may  be  obtained  from  atropin  and  pbysostiKmin  for  three  or  foar  boun  ift* 
death,  in  the  humao  eye  (Groenow.  1910}. 
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■^  SlediAiiism  of  the  Change  in  Tension. — It  is  commonly  assumed  that  the  rise  of 

pressure  in  mydriasis  is  produced  mainly  by  lessened  titration  of  the  aqueous  humor 

into  the  venous  sinuses  of  the  channels  of  Fontana  and  canal  of  Schlemra.     'Ilicsc  lie 

in  the  angle  of  attachment  of  the  iris,  and  would  be  compressed  by  the  contraction  of 

the  cilicary  muscle,  and  by  the  crowding  back  of  the  iris.     Miosis  would  have   the 

opposite  effect  (especially  in  glaucoma;  in  the  normal  eye  miotics  are  said  to  lower  the 

pressure  very  little).     The  intraocular  tension  is  also  controlled  by  the  blood  pressure, 

ui  the  \'essefs  of  the  iris  (Leber),  and  would  be  lowered  whenever  these  are  ischemic 

either  through  fall  of  the  general  blood  pressure  (relatively  little  influence;  Kochmann 

•Jid  Roemer,  1914);  or  through  local  vasoconstriction.     The  vasocnnstricUng  cocain 

therefore,  generally  lowers  intraocular  tension,  although  it  produces  mydriasis;  and  it  is 

claimed  that  alropin  also  tends  to  lower  tlie  pressure  in  the  normal  eye.     Kxceplionully, 

hoMre\'er,  glaucoma  has  been  reported  after  cocain,  holocain,  and  even  after  cpinephnn 

(Gifford,  tQi6). 

Glaucoma. — The  phenomena  of  this  very  serious  eye  disease  depend 
tnaiiUy  upon  excessive  intraocular  tension:  due,  presumably,  to  blocked 
drainage  (Schoenberg,  1913).  It  is  therefore  treated  by  miotics  (sec  physo- 
stigmin);  and  it  contraindicates  the  emplo^Tncnt  of  mydriatics.  If  their 
use  is  indispensable,  the  choice  should  fall  upon  cocain;  and  if  cycloplegia 
is  necessary,  the  briefly  acting  homatropin  would  be  preferred  to  atropin. 
Practical  Application  of  Atropin  to  the  Eye.— The  effects  of  airopin 
are  utilized  mainly  for  paralyzing  the  ciliary  muscle  to  facilitate  ophthal- 
moscopic examination;  and  in  the  treatment  of  iritis. 

For  diagnostic  work,  the  persistent  cylcoplegia  is  often  objectionable, 
but  in  other  cases  the  enforced  rest  of  the  eye  may  be  desirable.     The 
atropin  can  be  temporarily  antagonized  by  physostigmin;  but  if  a  short 
:tion  vs  preferred  the  less  f>ersistent  homatropin  may  be  substituted. 
'his  is  also  much  less  liable  to  provoke  glaucoma.     However,  homatropin 
lould  be  used  as  dilute  as  possible  (i  or  2  per  cent.),  and  followed  by 
lysosligmin,  0.2  per  cent.,  a  drop  three  times  daily  until  the  pupil  and 
accommodation  have  returned  to  normal  (Gifford,  1916). 

In  iritis,  the  atropin  mydriasis  is  used  to  secure  rest,  to  prevent  adhe- 
sions of  the  iris  to  the  lens,  or  break  them  if  already  formed;  and  to  effect 
sumed  favorable  changes  in  the  circulation  of  the  iris.     It  is  also  a  weak 
lesthetic.     The  more  prolonged  action  of  atropin  causes  it  to  be  preferred 
ir  this  purpose. 

Administration  to  Eye, — The  atropin  is  always  applied  locally,  by 

'iropping  an  aqueous  solution  of  the  sulphate,  or  an  oily  solution  of  the 

_frw  alkaloid,  on  the  cornea;  or  by  placing  impregnated  gelatin  discs 

"' Jmellct  Atropine,  B.P.,  l^.ooo  gr.)  in  the  conjunctival  sac.     Watery 

)iulions  tend  to  flow  into  lachr\'mal  duct,  thereby  lessening  the  local 

:tion,  and  tending  to  systemic  poisoning.    To  avoid  this,  but  a  single 

ropof  1  per  cent,  solution  should  be  applied  at  a  time,  and  the  lachrymal 

<  should  be  compressed  with  the  finger.     For  continued  use,  in  iritis. 

Iter  dilutions  may  be  employed,  down  to  ^f  0  per  cent,  (even  i :  100,000 

somewhat  effective).     The  effect  is  increased  by  the  addition  of  cocain. 

Dontioo  of  Action  of  Atropin. — With  a  single  drop  of  x  per  cent,  solution,  the 

_%J'driasis  reaches  its  maxinmm  in  about  twenty-five  minutes,  tne  cycloplegia  in  about 

hour*,     The  cycloplcj^ia  disappears  in  two  or  three  days  (seven  to  nine  days  if 

application  has  been  continuous) ;  the  mydriasis  endures  even  longer,  ten  to  twelve 

Side  Actions. — Besides  the  increase  of  tension,  atropin  causes  photo 
»bia  (because  of  the  irresponsive  pupil);  and  micropia,  from  the  1 
accommodation. 
In  sensitive  individuals,  atropin  prodtices  some  conjunctivitis,  and 
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rarely  edema  of  the  eyelids.    If  it  is  used  carelessly,  it  may  give  rise 
systemic  poisoning,  headache,  dryness  of  the  mouth,  palpitation,  etc. 
species  of  chronic  poisoning  may  occur  in  this  way  (Tyrrell,  1906). 

If  atropin  causes  local  irritation,  scopolamin  should  be  substitute 
since  this  may  be  used  in  one-fifth  the  concentration. 

Substitutes  for  Atropin. — These  fall  into  two  classes:  (i)  Those  whi« 
produce  mydriasis  without  cycloplegia  (Euphthalmin,  Ephedrin);  ai 
(2)  those  which  produce  both  mydriasis  and  cycloplegia  (Atropin,  Hy 
scyamin,  Scopolamin,  Eumydrin,  and  Homatropin — in  the  order  of  t] 
persistence  of  the  cycloplegia).  Of  these,  atropin  is  the  standard,  tl 
others  being  used  only  when  it  is  contraindicated. 

The  action  of  hyoscyamin  is  similar  to  atropin,  but  it  is  effective  in  about  one-fai 
the  concentration.     Scopolamin  is  effective  in  one-fifth  the  concentration. 

Quantitative  measurements  of  the  relative  efficiency  of  mydriatics  and  mioti 
alone  and  combined,  are  given  by  Jackson,  1895;  by  Grube,  1905;  by  Horovitz,  191 
and  by  Joachimoglu,  1915. 

The  following  table  shows  the  strength  of  solutions  usually  employed  for  cphthaln 
scopic  examinations;  and  the  ordinary  duration  of  their  actions. 


Drug 


Percentage 
used 


Action 

complete, 

hours 


Atropin i 

■Scopolamin |         ^i 

Eumydrin i  to  s 

Homatropin i  2 

Eupththalmin 5  to  10 


Mydriasis 


Recovery 

complete, 

days 


Cydopleg 
Paralyiis  | 
complete,  i    Recover! 
hours  complete 

I        daya 


S  to  7 

5 

2 

I  toH 

I 


3  t04 
3 

2 
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PREPARATIONS — SYNTHETIC   MYDRIATICS 

*Homatropina  Hydrobromidum  (Homotrop.  Hydrobr.),  U.S.P.,  B.P.;  CisHsiC 
N.HBr. — Mandelic  ester  of  tropin.  Freely  sol.  in  water  (1:6):  sol.  in  ale.  (1:4 
Instilled  as  i  to  2  per  cent,  solution.  Dose,  0.5  mg.,3^20gT-)U.S.P.;  1  to  2  mg.,  H4 
>^2    gr.,    B.P.     Maximum  dose,  2  nig.,  Ho  gr- 

Systemic  actions  similar  to  atropin,  less  toxic.  Its  action  on  the  vagus  is  pur* 
paralytic,  but  weaker  than  atropin  (!Zulik,  1915). 

Lam.  Homotrop.,  B.P. — 0.65  mg.,  Hoo  g'- 

Eumydrin,  N.N.R.  (Methyla tropin  Nitrate.) — Readily  sol.  in  water.  ^  It  agr 
very  closely  with  atropin  in  systemic  actions,  and  may  be  substituted  for  it,  in  the  sa. 
dosage;  in  eye,  H  P«f  cent.  Its  toxicity  is  about  one-fiftieth,  and  its  mydriatic  strenj 
one-tenth  that  of  atropin.  Cushny,  1920,  found  it  i  >^  times  more  active  than  atrt>] 
in  the  salivary  pilocarpin  antagonism.  Continued  use  often  leads  to  tolerance  (Self 
Nebenwirk.,  1915,  p.  66). 

EupfUkalmin  HydrocfUorid,  N.N.R. — Closely  related  to  betaeucain  in  compositi< 
It  is  readily  soluble  in  water;  2  to  3  drops  of  5  to  xo  per  cent,  solution  are  instilled. 
Side  actions,  Seifert,  Nebenwirk.,  1915,  p.  66. 


PARALYSIS  OF  SECRETIONS 

Atropin  and  the  related  alkaloids  arrest  all  secretions  which  depeo 
upon  central  innervation:  This  Includes  the  sweat,  saliva,  tears,  mucu! 
gastric  juice  and  ordinary  pancreatic  secretion;  but  not  the  uxine,  mfli 
bile  or  secretin  pancreatic  secretion.  The  action  is  localized  in  .the  nerve 
endings  or  receptive  substance,  and  is  mutally  antagonistic  with  the  pilo 
carpin  action. 
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Suppression  of  Saliva  (Antisialogogue  Action).— The  submaxillary 
glands  furnish  a  classical  object  for  localizing  the  action  of  Airopin. 
This  suppresses  ihe  secretory  response  to  chorda- tympanic  stimulation, 
even  when  this  is  applied  at  the  hilus  of  the  gland,  f.c.,  to  the  postgangli- 
onic fibers.  The  j)aralysis  must  therefore  be  peripheral  to  these.  The 
cells,  however,  still  respond  to  sympathetic  stimulation,  so  that  the  paraly- 
sis must  be  in  an  intermediary  substance,  in  the  nerve-endings. 

piis  argument  involve*  the  assumption  that  the  chorda  tyropani  and  the  sympa- 
thetic act  upon  the  same  cells  in  the  salivary  gland.  This  is  doubted  by  A.  P.  Mathews, 
*n<l  by  Gasketl,  1916.  The  evidence  is.  therefore,  not  as  conclusive  as  in  the  case  of 
Mnooth  and  cardiac  muscle,  where  the  excitability  of  the  contractile  substance  can  be 
confinned  by  direct  stimulation;  but  Uie  analogy  is  otherwise  so  complete,  that  the  con- 
clusion is  fairly  safe. 

Large  doses  of  atropin  inhibit  the  response  so  sympathetic  stimulation  (Cannon 
*nd  Cattell,  1916);  perhaps  by  paralyzing  the  secretory  cells  directly. 

In  man,  Ewing,  iqi  1,  found  that  0.5  to  i  mg.,  by  mouth,  caused  a  marked  decrease 
in  the  volume  of  saliva  secreted.  The  percentage  of  organic  solids  was  somewhat 
diminished;  the  percentage  of  inorganic  solids  showed  only  a  trifling  decrease.  The 
percentage  of  ptyalin  fell  markedly,  hut  recovered,  or  was  even  somewhat  increased, 
long  before  the  volume  or  solids  had  relumed  to  normal. 

Vasodilator  Fibers  of  the  Chorda  Tympani  Nerve. — These  are  not  affected,  so  that 
stimulation  of  the  atroninizcd  nerve  still  dilates  the  vessels  and  produces  an  increased 
venous  outflow  from  tne  ^land.  (The  effects  of  atropin  and  pilocarpin  on  the  sub- 
maxillary circulation  are  discussed  by  Henderson  and  Locwi,  1905.) 

Antagonism. — Atropin  completely  suppresses  the  nicotin  salivation  (since  this 
*tiniulaies  the  ganglion  cells);  it  is  mutually  antagonistic  with  pilocarpin,  etc.,  but  the 
•tropin  action,  as  usual,  tends  to  be  the  stronger. 

The  quantitative  relations  have  been  studied  by  Cushny. 

Atropin  is  also  said  to  suppress  the  mercurial  salivation,  but  not  the  "paralytic 
•ecrttion"  which  sets  in  when  the  divided  norvc  dcRcherates. 

Paradoxic  Reflex  Secretion  in  Chronic  Poisoning.— Abundant  reflex  secretion  of 
s»Uva  occurs  in  cats  and  dogs  after  repeated  injections  of  atropin,  and  continues  for 
months  if  the  injections  are  continued.  The  chorda  nerve  may  be  excitable  or  not. 
The  i>'mpathetic  is  excitable.     The  action  is  referred  to  the  salivary  center  (Arima, 

Practical  Significance  of  the  Antisialogogue  Action. — This  is  mainly 
a-  rather  unpleasant  side  effect  in  the  therapeutic  use  of  the  drug.  Small 
doses  (0.5  mg.)  may  be  employed  to  suppress  practically  any  form  of 
p>lalism.  It  is  not  much  used,  since  the  benefits  scarcely  offset  the  in- 
conveniences attending  the  use  of  the  drug. 

Suppression  of  Mucous  Secretion. — This  may  be  employed  in  the 
tiypersccretion  of  coryza,  bronchorrhea,  ether  anesthesia,  etc  Minimal 
^oses  of  atropin  arc  used  to  al>ort  incipient  colds  (0.5  mg.,  *'i20  gf-  or  less, 
m  a  glass  of  water,  sipped  slowly  in  the  course  of  an  hour — Kohnstamm, 
1906).  The  cutaneous  vasodilation  may  play  a  part  in  this  abortive 
tction. 

Suppression  of  Sweat  (Anhydrotic  Action). — This  is  one  of  the  earliest 
Actions,  and  can  be  secureil  with  small  doses  (0.3  to  i  mg.,  !^oo  lo  *^o 
p.,  hypodermically).  It  is  the  most  effective  means  of  suppressing  the 
riighlswcals  of  phthisis,  but  the  relief  is  only  symptomatic,  and  scarcely 
I  juslities  the  inconveniences. 
fl  Other  Anhydrotics. — ^The  nightsweals  may  also  be  suppressed  by 
»  ifopolcmin  or  eumydrin.  Agaric  <uid  also  arrests  sweating  by  a  peri- 
r  pheral  action  of  the  sweat  glands,  but  is  uncertain.  Camphoric  acid  has 
W  f^tcn  employed,  but  it  does  not  act  upon  the  sweat  glands.  If  it  has  any 
|»fc  effect  (which  is  doubtful),  it  must  be  indirect,  through  improvement  of 
if      ^*ic  respiration. 
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Sodium  TcUuraU  appears  to  act  similarly,  to  atropin  but  is  objectionable  on  ai 
of  the  persistent  garlic  odor  which  it  gives  to  the  breath. 

Local  measures  are  often  preferred,  especially  for  local  h>^rhydrosi! 
Sponging  with  cold  lotions  containing  alcohol,  dilute  acids,  tannin,  salic} 
lie  acid,  formaldehyd,  etc.  Dusting- powders  are  likewise  useful  (talcui 
with  5  per  cent,  of  salicylic  acid  or  lo  per  cent,  of  boric  acid).  , 

Gastric  Actions. — The  secretion  of  gastric  juice,  and  especially  J 
hydrochloric  acid,  is  diminished  or  suppressed,  through  paralysis  of  n 
secretory  x'agus  endings  (Chiari,  191 5).  The  motor  activity  (pylol 
spasm,  etc.)  is  also  depressed  by  the  vagus  paralysis  (Auer  and  Me!t« 
1906).  Both  actions  make  alropin  useful  in  h.vperchlorhydria,  gastr 
tilcer,  tumors,  etc.  It  is  especially  indicated  (0.5  to  i  mg.,  Jf20  to  \i 
gr.,  before  meals)  in  acute  conditions  with  severe  pain  and  vomitin 
(Mathieu  and  Girard,  1913;  A,  Schmidt,  1914).  It  has  been  used  i 
seasickness  (atropin,  0.5  mg.;  strychnin,  i  mg.,  h\'podermically — Girar] 
1906).  The  sojourn  of  meat  in  the  stomach  is  delayed  by  large  d 
atropin  (Tysebaert,  191 2,  1913). 
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Excised  Stomach. — Atropin  counteracts  the  pilocarpin  contraction  and  prodi 
relaxation.    (M.  Smith.  1918). 

Infiutnce  on  Sormal  Gasirir  Se<:retum. — In  dogs,  intramuscular  injection  of  atrop: 
(0.0125  "ig-  pcf*  ^S)  completely  inhibits  secretion  in  response  to  food.    Smaller  dosag 
0.003  "^K-  pci*  ^Sm  diminishes  the  volume  and  the  peptic  activity.     The  acid-concentn 
tion  is  not  affected  until  a  dosage  is  reached  that  diminishes  the  volume  by  50  to  I 
per  cent.     There  is  a  mutual  antagonism  toward  histamin  and  gastrin,  extending 
nearly   fatal  doses  of  atropin.     With  large  doses,  the  atropin  and  gastrin  appeaS 
act  directly  on  the  gland-cells;  smaller  doses  probably  act  on  some  other  site  (Keel 
ct  al.,  1920). 

Influence  in  Hyperacidity. — Crohn.  1918,  distinguished  two  clinical  groups,  in  th 
response  to  t  mg.  of  airopin,  hypodrrmicftUy: 

(a)  Patients  vnth  Norma}  Secreiion  Period. — Atropin,  ^  hour  after  eating,  had  IH 
effect  at  first;  later  it  increased  the  acidity.    The  motility  was  not  affected. 

ib)  Patients  wilk  Continuous  SrcreUon— Atropin,  s^i  hours  after  eating,  arrested  I 
acid  secretion  within  an  hour,  while  in  the  controls,  the  secretion  would  last  ov 
hours  more.     The  degree  of  acidity  was,  however,  increased. 

Atropin  in  Carduyspasm. — According  to  the  fluoroscopic  studies,  the  response  to 
1.3  m^.  of  atropin.  hyiKMlermically,  is  uncertain.     Sometimes  it  produces  sudden 
tion;  in  other  cases  it  is  ineffective  (Barclay.  19x5). 

Atropin  in  Pytorospasm.— Only  large  doses  relax  this,  in  infants  (Ochsenius,  iQ 

Clinic^  Bent  fits. — Bastedo.  1920,  concludes  that  atropin  is  useless  in  byperad  ' 
In  cases  with  continuous  secretion,  this  may  be  checked,  but  only  by  impractical  d 
Large  doses  may  be  useful  in  pylorospasm. 

Antagonism  to  Emetics. — Eggleston.  1916,  finds  that  very  small  doses  of  a 
(o.oi  mg.  per  kilogram)  prevent  the  emetic  action  of  pilocarpin  and  nicotin.  but  do 
apomorphin,  morphin,  ouabain  or  emetln.     The  ant-emetic  dose  being  smaller  than  I 
required  against  peripheral  actions  of  pilocarpin,  suggests  that  atropin  depresses  ai 
emetic  center. 

Pancreatic  Juice. — Atropin  suppresses  the  increase  of  pancreatic  secretion  whicli 
ordinarily  follows  stimulation  of  the  vagus  or  the  administration  of  pilocarpin.  cholfOi 
etc.     Large  doses,  however,  provoke  a  pancreatic  6ow  in  the  dog  (Popiclski,  iM'i 
Modrakowski.  1906);  the  mechanism  of  this  peculiar  action  is  not  understood;  it  ml 
possibly  be  connected  with  Uie  actions  on  the  liver. 

On  the  secretin  flow,  atropin  has  no  direct  effect  (Chiari,  1915),  but  ante  it  diini 
ishcs  the  secretion  of  acid  in  the  stomach,  it  probably  lessens  tlic  production  of  seocl 
indirectly,  and  hence  interferes  with  the  physiologic  pancreatic  secretion. 

The  pancreatic  stimulants  which  are  antagonized  by  atropin  yield  active  jtiS 
whereas  those  which  are  not  affected  by  atropin  require  the  addition  of  erepsin  (Caifl 
and  Gley,  1905). 

Atropin  pre\'ents  the  pancreatic  secretory  response  to  vagus-stimulation  and  lo  q 
in  acute  experiments;  but  in  pennanent  6stula  experiments  Savicb,  1919,  found 
ineffective. 
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Uric  Acid. — Atropin  is  said  to  prevent  the  increase  of  uric  acid  that  normally 

follows  the  ingestion  of  fnod;  presumably  by  preventing  the  secretion  of  the  digestive 

juices  (Mendel  and  Stehle,  1915).    It  also  prevents  the  cinchophen  increase  (.Abl,  191  j). 

Lacteal  Secretion. — Ott  and  Scott,  191  a,  confirm  Roebng,  thai  this  is  somewhat 

dicninished  by  ntropin. 

G^ogenolysis.^The  old  statement  that  alropin  prevents  the  transformation  of  the 
hepatic  glycogen  into  sugar,  appears  to  be  erroneous.  It  originated  with  Moral,  1883, 
who  concluded  that  pilocarpin  stimulates,  and  atropin  inhibits,  the  conversion  of  gly- 
cogen into  sugar.  Cavazwini  and  Soldaini,  1S96,  also  staled  that  atropin  paralyzes 
iclycosecrctory  nerves  in  the  liver.  The  evidence,  however,  was  unsatisfactory  and 
hasbeendisproven  by  the  results  of  Mosenthal,  101.3,  and  of  Macleod,  tgoS.  The  latter 
showed  that  splanchnic  stimulation  produces  the  «amc  h>-perglycemia  after  atropin  as 
txormally.  McGuigan,  1916,  also  finds  no  direct  effect  of  atropin  or  pilocarpin.  Large 
doses  of  atropin  may  increase  the  blood  sugar  (also  observed  by  Pitini,  igcS).  This  is 
due  simply  to  the  excitement. 

On  tne  other  hand.  E.  L.  Ross,  1919,  claims  that  atropin  diminishes  ether  glycosuria 
materially.  The  mechanism  was  not  investigated.  Chloroform  hypcrglycemiaf  which 
ij probably  asphjTcial,  is  nnt  checked  by  atropin  (Ross,  1920). 

Atropin  in  Diabetes. — It  has  been  asserted  that  atropin  incn:asc3  the  tolerance  for 
ciibohydrates  (Rudisch,  Forchheimer);  but  the  statement  needs  confirmation  (Moseo- 
littl,  igi2). 

Hepatic  Actions  and  Coagulability  of  Blood. — The  secretion  of  bile  is  sometimes 
ilighlly  diminished  by  atropin  (Okada,  1915;  Vanagawa,  1916).  The  lymph-flow 
nuy  be  either  increased  or  unchanged  (Vanagawa). 

The  injection  of  large  doses  of  atropin  into  the  portal  vein  lowers  the  coaguiabiiUy 
rfi/florf.  first  that  of  tlie  hepatic  vein.  This  eflecl  can  not  be  produced  by  injection  into 
IM  jugular  vein,  nor  by  addition  of  atropin  to  shed  blood  f Doyon  and  Kareff,  IQ04  and 
i906i.  and  is  due  to  an  action  on  the  Uvcr.  The  anticoagulant  substance  is  also  pro- 
duced by  the  perfusion  of  atropinized  blood  through  an  excised  liver  (Doyon,  igio). 

The  Uucorytes  are  not  changed  by  ordinary  doses.  Toxic  doses,  especially  when 
«hen  repeated,  diminish  the  eosinophilcs.  The  action  is  probably  indirect  (Hcrrick, 
igu;  Port  and  Brunow,  1914).  The  emigration  of  leucocytes  in  exposed  roeaenter>'  is 
not  inhibited  by  atropin  or  scopolamin  (Ikeda,  1916). 

Yfost  Formation. — This  is  stimulated  by  small  quantities,  inhibited  by  large  doses 
^Stttnoggi,  1916). 

Actions  of  Atropin  on  Peristalsis.— These  vary  according  to  the  dose 
*nd  conditions:  Minimal  doses  quiet  excessive  peristalsis  provoked  by  toxic 
peripheral  vagus  stimulation,  as  by  pilocarpin,  cbolin,  pjiysostigmin,  etc. 
These  doses  do  not  affect  normal  peristalsis. 

Ordinary  therapeutic  doses  relax  the  intestines  in  man  and  rabbits 
(Kaisch,  1913;  Hirz,  1913).  In  cats,  they  may  increase  peristalsis 
(Mag:nus).  It  is  conceivable  that  this  also  occurs  in  man  in  some 
cooditions. 

Excessive  doses,  such  as  can  be  brought  into  play  only  by  local  applica- 
IJon,  paralyze  the  intestine.  All  these  actions  are  peripheral,  but  affect 
Cerent  structures  in  the  intestine.  The  details  are  described  in  the 
?coeral  section  on  autonomic  drups. 

Therapeutic  Use  of  the  Peristaltic  Actions.— The  inhibitory  action  of 
JUopm  is  utilized  against  toxic  spasms  of  the  intestine,  which  presumably 
nd  upon  peripheral  vagus  stimulation:  the  colic  pains  of  indigestion, 
colic,  ptomain  diarrhea,  etc.     The  dose  for  this  purpose  is  usually 

n»g('60  gr.). 

Il  also  lessens,  in  this  way,  the  ''gripping"  effect  of  purgatives.     The 
wienie  preparations  would   be  preferred,   to  prolong   the  local  action: 
'«  pills.  Exuactum  Belladonnas,  15  mg.  or  J^  gr.;  for  liquids,  Tr.  Bella- 
''fmmi',  0.5  c.c.  or  10  minims. 

Biliary  and  Renal  Colic. — Atropin  paralyzes  the  innervation  of  the 
^ttHKith  muscle  of  the  bile  ducts  and  ureters,  and  therefore  relaxes  the 
Painful  and  obstructive  spasm  which  rettulls  from  the  passage  of  calculi 
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through  these  tubes.  The  vagus  paralysis  is  also  useful  in  this  connectio 
by  preventing  the  dangerous  cardiac  reflex  which  sometimes  occurs,  Th 
atropin,  i  mg.,  3.^0  gr-t  is  given  hypodermically,  usually  combined  wit 
morphin,  15  mg.,  J4  gr. 

Gail  Bladder. — This  may  be  relaxed  (Lieb  and  McWhorter^  191 S);  hut  not  by  ord 
nary  therapeutic  doses  (Macht,  191 7). 

Excised  Ureter. — Small  doses  of  atropin  may  stimulate  the  tone  and  peristalt 
movements.  Stronger  solutions  (i  :  10,000)  inhibit  them,  as  also  the  stimulant  effec 
of  pilocarpin,  physostigmin  and  chotin  (Macht,  19x6). 

G.  B.  Roth,  19x7,  however,  found  nicotin,  pilocarpin  and  atropin  practically  ii 
effective. 

Byoscyamin  Isomers  on  Ureter. — The  levo  stimulates  the  contractions  and  slight 
raises  the  tonus;  very,  large  doses  depress.  The  dextio  inhibits  from  the  start,  withoi 
stimulation  (Macht,  xgxS). 

Urioaiy  Bladder  and  Incontinence  of  0rine. — Atropin  is  employed  to  relieve  L 
continence  of  the  urine,  due  to  overaction  of  the  bladder  muscle;  and  retention  of  urts 
from  overactivity  of  the  vesical  sphincter.    The  details  of  dosage  are  described  1 
Ruhraeh,  Am.  J.  Med.  Sc.,  February,  xpia.     A.  Jacobi  advised  for  children  H  ^• 
Belladonna  Extract  at  night,  increasmg  if  necessary,  to  flush  the  cheeks. 

The  location  of  the  atropin  action  on  the  bladder  has  not  been  definitely  determine 
(Edmunds  and  Roth,  1930). 

Urine  Flow. — Disordant  results  have  been  described  by  different  investigatoi 
They  are  summarized  by  Cow,  191a  and  19x3.  He  finds  that  atropin  has  no  cffe 
if  the  urine  is  collected  directly  from  the  pelvis  of  the  kidney;  but  that  it  merely  modifi 
the  flow  through  the  ureter,  by  lessening  its  tone. 

The  suppression  of  sweat  and  other  secretions  might  temporarily  increase  the  outpi 
of  urine. 

Uterus. — The  effects  of  atropin  correspond  to  its  actions  on  the  intestine:  Sou 
doses  increase,  lar^e  doses  abolish,  the  uterine  movements  (Kehrer,  xgoS).  Minimi 
doses  abolish  the  pilocarpin  and  physostigmin  spasms.  Even  large  doses  of  physostii 
min  are  ineffective  after  atropin. 

Atropin  in  Dysmenonfaea. — This  was  introduced  by  Drenkham,  19x0,  and  is  adyo 
cated  by  Novak,  X9X5;  especially  in  the  spasmodic,  colic  lyp^.  The  adzninistratioi 
is  started  two  days  b^ore  the  expected  menses,  and  continued  for  two  or  three  dayi 
during  menstruation;  usually  in  doses  of  0.6  mg.  (Hoo  Si*-)  hy  mouth,  three  or  moit 
times  daily.  If  diy  throat,  itching  skin  or  disturbed  accommodation  develop,  the  doc- 
age  is  reduced.  These  side-actions  interfere  greatly  with  its  therapeutic  availability 
(Litzenberg,    1919). 

Curare  Action. — In  fiogs,  large  doses  of  atropin  paralyze  the  motor  endings  ot 
striped  muscle  and  abolish  the  physostigmin  twitcnings,  after  the  maimer  of  canie< 
This  effect  would  not  occur  with  doses  which  can  be  used  in  mammals. 

Anodyne  Action. — ^The  local  application  of  atropin  dulls,  rather  than 
paralyzes,  sensory  nerves.  It  is  therefore  applied  in  the  form  of  bella- 
donna liniment  or  plaster,  for  the  relief  of  pain,  especially  neuralgic  and 
rheumatic.  Belladonna  suppositories  (extract,  0,1  Gm.,  ij^  gr.)  are  also 
used  in  painful  hemorrhoids. 

Dosimetric  Table. — The  following  (Schmiedeberg)  may  be  useful  in  the  therapeutic 
use  of  atropin: 

Mg.  Gr.  Symptoms 

0.5  to  I  H^o  to  Ho  Dryness  in  mouth,  often  with  thirst. 

2  )^  0  Pupil  dilated,  not  quite  immobile.     Increase  of  pulse 

rate. 
3  to  s     J^o  to  H2  Headache.    Dysphagia.    Alteration  of  voice.    Mus- 
cular weakness.    Restlessness. 

7  Ho  Considerable  dilatation  of  pupils.     Disturbance  of 

vision. 

8  y^  Excitement    and    muscular    incoordination    more 

marked. 
10  H  Apathy.     Hallucinations     or     delirium.     Uncon- 

sciousness. 
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^^^^^^"""^  ATROPIN  POISONING 

Atropin  is  very  readily  iibsorbcd,  somewhat  even  from  the  intact 
skin,  50  ihal  toxic  &vmploms  Ijave  been  observed  (though  rarely)  after  the 
use  of  belladonna  plasters  (Doland,  1906).  They  occur  rather  commonly 
in  ophthalmic  use,  through  the  lachrymal  ducts.  WTiere  the  plant  grows 
wild,  the  berries  are  often  eaten  by  children. 

Symptoms. — These  set  in  promptly,  but  usually  run  a  long  course; 
lasting  live  to  fifteen  hours,  or  even  several  days  in  fatal  cases.  The  first 
to  be  noticed  are  those  arising  from  dryness  of  the  mouth  and  throat: 
difficulty  of  deglutition  and  articulation,  great  thirst,  a  sense  of  burning 
and  constriction  in  the  throat.  On  the  eyes,  the  dilatation  of  the  pupils, 
impaired  \'ision,  absence  of  reaction  to  light  will  be  noticed.  There  is 
often  nausea  and  sometimes  vomiting.  ExciUmeftt,  passing  into  delirium, 
b  a  prominent  feature.  The  delirium  may  be  pleasing,  with  spectral 
illusions;  or  anxious  or  furious  (a  graphic  description  of  the  psychic 
experiences  is  given  by  L.  L.  Jepson.)  The  onset  of  the  paralytic  symptoms 
is  ushered  in  by  giddiness,  numbness  of  the  limbs,  and  staggering  gait, 
and  passes  into  drowsiness  and  stupor.  The  pidse  is  quick  (to  170)  and 
small.  The  respiration  is  stertorous,  fast  or  slowed.  The  face  is  flushed 
SQirlet.  In  fatal  cases  death  is  preceded  by  coldness  of  the  extremities, 
wpid  and  intermittent  pulse,  and  deep  coma.  Convulsions  are  rare. 
Glycosuria  is  sometimes  seen  and  may  be  attributed  to  the  asphyxia. 
The  postmortem  findings  are  those  of  asphyxia. 

A  fatal  ending  is,  however,  quite  rare  (12  per  cent.).  The  fatal  dose 
*>f  atropin  is  probably  o.i  Gm.  or  more  for  adults;  0.01  Gm.  for  chUdren. 
Tlifrapeutically,  children  bear  proportionately  larger  doses  than  adults, 
*od  this  holds  also  for  young  animals. 

Recovery  starts  within  two  days,  the  respiration,  pulse  and  pupils 
■^turning  gradually  to  normal.  Sometimes  violent  delirious  symptoms 
may  last  for  days,  and  it  has  happenetl  that  patients  have  been  consigned 
loihe  insane  asylum  on  a  mistaken  diagnosis. 

Apijxhic  "slowness,"  disturbance  of  vision,  and  some  otlier  symptoms,  may  persist 

Chronic  Atropin  Poisoning  has  been  reported,  especially  from  ophthalmic  use  (Tyr- 
^l  t'jo6).  However,  the  continued  use  of  small  doses  establishes  partial  ToUrance 
["J  the  toxic  action,  but  not  to  the  effects  on  the  vagus  or  oculomotor  (Anrep  and  Koss- 
a»ch.  1880;  aoetta,  igti). 

Treatment  of  Atropin  Poisoning. — This  is  usually  effective  since  the 

proionped  course  gives  ample  time  for  interference.     It   resolves  itself 
to  chemic  neutralization,  prompt  removal,  and  meeting  the  symptoms, 
delirium  is  l>esl  treated  by  the  ice-cap,  the  general  symptoms  by  pilo- 
.«n  (,10  mg.,  }-Q  gr.  hv'podermically.  rej>eated  until  mouth  is   moist). 
Jrphb  (10  mg.)  is  also  indicated  in  the  early  stages,  but  not  after  de- 
^ion  has  set  in.     The  latter  is  combated  by  the  usual  medullar\'  stimu- 
•nis  (cofTee,  etc.)     Artificial  respiration  should  be  kept  up  persistently, 
ll  necessary. 

The  effects  on  the  eye  may  be  abolished  by  the  local  application  of 
P^ywstij^in. 
Kwetion. — The  greater  part  of  the  atropin  disappears  rapidly  from 
Wood  (Cloetta.  1Q08).     It  is  excreted  mostly  unchanged,  entirely  by 
}p^\^,  mainly  within  thirty-six  hours. 

Llion  of  a  drop  of  ibis  fluid  to  the  eve  of  a  cat  is  the  most 
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convenient  lest  for  poisoning.     Mydriasis  occurs  with  a  single  drop 
1:150,000   solution,   equivalent    lo  0.000245  mg.  of  atropin.     Of  sco] 
lamin,   the  minimal   mydriatic  dose  is  0.00001855   mg,    (Joachimogli 
191 5).     The  human  pupil  is  about  equally  sensitive  (Metzaer,    igi2)J 
The  excretion  is  not  complete,  more  or  less  of  the  atropin  being  destroyed 
in  the  body. 

A  part  is  excreted  as  tropin  and  as  another  base  (Fickewirth  and 
Heffter,  191 2).  The  variations  in  this  destruction  and  in  the  rapidity  of 
excretion  explain  the  racial  and  individual  idiosyncrasies  and  acquired 
tolerance. 


Atropin  resists  putrefacticn  for  a  long  time,  and  may  be  found  in  the  cada\xr  ev<  „ 
months  after  burial.  Confusion  uith  ptomatropin  (a  putrefactive  alkaloidj  must  be 
guarded  against. 


RACIAL  AND  ACQUIRED  TOLERANCE 


Rodents  and  marsupiads  are  very  tolerant,  as  also,  to  a  less  exten' 
the  goat,  dog,  birds,  and  some  other  animals.     (The  dosage  for  differen 
animals  has  been  determined  by  Wilberg,  1914.)    The  immunity   is  in 
no  case  complete.     It  is  perhaps  greatest  in  the  case  nf  rabbits,  and  can 
be  increased  by  habituation.     In  rabbits,  it  is  due  mainly  to  destruction  o: 
the  atropin  by  the  serum  and  organs. 


be 
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Heckel,  1875,  found  tliat  rabbits  and  guinea  pigs  did  not  only  thrive  for  weeks  on  an 
exclusive  diet  of  atropin-containing  plants  (SchroflF.  1852),  but  that  this  exclusive  diet 
could  be  continued  for  several  generations.  A  further  degree  of  immunity  was  ih 
acquired,  su  that  the  mydriatic  eCTect  was  smaller  and  the  fatal  dose  (hypodcrmicali 
higher.  The  flesh  of  these  animals  contained  relatively  little  atropin,  although  the  meat 
of  ordinar>'  rabbits  poisoned  with  atropin  is  toxic  to  other  animals  and  man  (Roppr, 
1866;  Lewin,  1SQ4). 

Cause  of  the  Tolerance. — This  has  l>ccn  investigated  chiefly  in  rabbits.     It  is  not 
due  to  defective  absorption  or  superior  excretion,  for  the  tolerance  exists  also  for^ 
hypodermic  injection,  and  after  ligation  of  the  renal  vessels  (Hermann,  1874).    Tb^^f 
leucocvtic  theory  of  Calmcttc,  1899,  need  not  be  further  considered  since  it  was  d£^^| 
proved  by  Ellinger,  1901,     The  correct  explanation  was  furnished  by  Fleischmann,  1910 
and  zgii.     He  found  that  digestion  of  atropin  with  rabbit's  serum  gradually  weakeofti 
its  activity;  i  c.c.  of  the  scrum  may  thus  destroy  o.i  mg.  in  twenty  to  thirty  minutes 
The  serum  of  man,  dogs,  cats  and  rats  docs  not  have  this  action  (except  some  cases  of 
human  goiter:  DoebUn  and  Fleischmann,  1913).     These  observations  have  been  fully 
confirmed  by  indc]>cndcnt  workers.     Cloctta,  xqii.  and  Clark,  xQia,  find  that  the 
struction  is  also  effected  by  emulsions  of  rabbit's  liver.     In  frogs,  tie  heart  and  kidnr 
also  have  this  effect.     The  blood  corpuscles  are  not  concerned  in  the  reaction. 
the  property  is  destroyed  by  beating  to  55**  to  6o°C.,  it  is  probably  due  to  a  fenneat, 
formed  m  the  liver  (Metzncr,  1912;  Clark),    Doeblin  and  Fleischmann,  IQ13,  find  thit 
it  has  the  characters  of  the  albumin  fracdon.     Metzner  t>elicves  that  there  is  a  desv- 
age  of  tropeic  acid  and  tropin,  which  may  recombine  on  ver>'  prolonged   standiBg. 
Homatropm  and  sco{K)lamin  are  also  destroyed  (Doeblin  and  Fleischmann).     Fleisd^ 
mann  found  that  the  destructive  power  varies  greatly  in  diUerent  rabbits,  being  pric- 
tically  absent  in  some;  he  attributed  this  to  goiter.     Metzncr  and  Hcdingcr,  iQii,  con- 
firmed the  variation,  but  showed  that  it  bears  no  relation  to  the  thyroid;  nor  does  the 
injection  of  th>'Toid  confer  a  destructive  power  for  atropin  when  this  is  deficient.     Hfff- 
tcr  and  Fickewirth,  iqi  3  find  that  the  tolerance  of  rabbits  to  rapid  intravenous  injectioD 
is  relatively  small,  since  this  does  not  permit  time  for  the  destruction.     The  rapi<l 
passage  of  atropin  out  of  the  blood  indicates  that  its  destruction  must  take  place  mainly 
m  the  tissues  fliverl. 

Cause  of  Habituation;  Excretion  in  Animals. — Cloelta,  19]  1,  found  that  non-habit- 
uated rabbits  excrete  is  to  20  per  cent,  of  the  atropin.  the  excretion  being  completed 
In  two  to  three  days.  (Fickewirth  and  Heffter  find  that  the  total  excretion  of  all  bsstf 
is  about  50  per  cent,  of  the  administered  quantity.)  After  immunization,  the  excre- 
tion is  complete  in  one  day;  and  as  little  or  none  can  be  found  in  the  tissues,  it  appears 
that  the  rapidity  of  destruction  and  excretion  has  been  increased.    The  destructive 
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of  the  scrum,  however,  is  not  raised  (Docblin  and  FlcischmannJ.  Normal  cats 
eRTCte  very  little  oi  the  atropin;  but  by  habituaLion,  the  excretion  is  markedly  raised, 
•iiilst  the  capacity  for  destruction  is  not  increased.  With  these  therefore  the  toler- 
tDct  is  due  mainly  to  the  acquired  speed  of  excretion.  Dogs  excrete  about  one-third 
of  the  atropin,  within  two  days  (Wiechowski,  1901). 


r 


HYOSCYAMIN 


Actions  and  Uses.— This  is  the  levo-isomcr  of  the  racemic  atropin. 
Cushny,  190^5,  compared  these  two  alkaloids  and  the  dextro-isomer.  He 
inds  that  the  peripheral  actions  on  the  iris^  cardiac  vagus  and  glands  are 
[2  to  18  times  as  strong  with  the  l.-isomer  (orcHnary  hyoscyamin)  than 
*ith  the  d.-;  and  about  twice  as  strong  as  with  atropin.  Hyoscyamin, 
herefore,  has  some  advantage  when  the  peripheral  effects  ace  desired, 
specially  in  ophthalmic  work.  Internally,  it  has  no  advantage.  All  the 
wmers  act  practically  alike  on  the  central  nervous  system  of  mammals, 
fbed.-  has  a  greater  stimulant  cflFect  on  the  spinal  cord  of  frogs. 

n  the  intestine,  the  isomers  act  quantitatively  alike  (Lilgestrand, 


PROTOCATECHYL  TROPEIN 

has  been  investigated  by  Marshall,  igio.     It  paralyzes  the  vagus  endings,  but 
powerful  than  atropin  or  even  homatropin.     It  produces  a  curare  effect  on  striped 
RHde  and  a  temporary  central  paralysis  of  respiration.     There  is  also  an  independent 
it  fall  of  blood  pressure. 

PREPARATIONS — ATROPIN  GROUP 

trofinOf  U.S.P.,  B.P.;  Ci7HjiN0i."The  alkaloid  obtained  from  Belladonna   and 
plants  of  the  Solanacea:  family.     Slightly  sol.  in   water  (i  :4S5];    freely  sol. 
(i  :  2);  sol.  in  fat  solvents  and  oils.     Dose,  0,5  mg.,  V^  2  0  gr.,  U.S. P.;  0.3    to 
.,  Hao  to  H  00  gr.,  B.P. 
[tropina  Sulphas   {Atrop.  Sulph.).  U.S.P.,  B.P.  (CnH„N0a)j.H,S04  +  H,0.— 
crystalline  powder;  oaorless.     Very  sol.  in  water  (1:0.4);  freely  sol.  in    ale. 
or  glyc.  (x :  2.5).  IncomptUibU  with  alkalies,  tannin  and  mercuric  salts.    Atropin 
ins    deteriorate    rather  rapidly;    a    i;  1,000    solution    losing    considerably    in 
within  three  days  (I.  Simon,  1915).     Sterilized  solutions  in  ampoules,  however, 
their  full  activity  at  least  four  weeks  (Joachimoglu,  1915).    Dose^  o.<  mg., 
.,  U.S. P.;  0.3  to  06  mg.,  H  u'l  ^o  H  on  gr.,  BP.     Maximum  dose,  i  mg.,  ^  c  gr. 
»aunercial  atropin  is  usually  contaminated  with  varying  quantities  of  hyoscyamin 
Ktrand,  iqiq). 
I.  Atrop.,  B.P. — 0.013  rag.,  H.ooogr.,  B.P. 

Atrop.  Sulph.f  B.P. — I  per  cent.     Dose,  0.03  to  0.06  c.c,  )4  to  i  minim,  B.P. 
;,  Atrop.f  B.P. — 2  per  cent. 
lyoscyamtn.  Hydrobr.,  U.S. P.:  CirHnNOi.HBr.^ — Strongly  levorotary.     Very  sol. 
freely  sol.  in  ale.  (1:2.5).     Ooic,  0.3  mg.,  J^oo  gr. 
imercial  hyoscyamin  is  usually  contaminated  with  var>ing  quantities  of  atropin 
id,  191Q). 

\min.     Suipk.,   B.P.i   (C,THMN0,)t.H,S04  +   iHtO.— Very   sol.  in  waUr 
f,  0.3  to  0.6  mg.,  H  00  to  H  00  gr.,  B.P. 

Foiia,  U.S.P.,  B.P.;   Belladonna  Leaves  (Deadly  Nighuhade) .— The 
and  tops  of  Atropa  Belladonna,  yielding  not  less  than  0.3    per  cent,  of 
alkaloids.    Dose,  0.06  Gm.,  t  gr.,  tJ.S.P.     Maximum  dose,  0.2    Gm,,  3  gr. 
l^mntr  Radix,  U.S.P.,  B.P.;  Belladonna  Root. — The  dried  root  of  Atorpa  Bella- 
yielding  not  less  than  0.45  per  cent,  of  mydriatic  alkaloids.     Dose^  0.045  Gm., 

Imp.  BeUad.,  U.S. P.;  Belladonna  Plaster.— 30  per  cent,  of  Ext.  Bellad.  Fol.;   0.38 
it.  of  alkaloids. 

Bellad.,  B.P.— Prepared  from  Liq.  Ext.  Bellad.  Root.     0.25  per  cent,  of 
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rin.  of  leaves,  1.25  per  cent. 
Dose.  15  rog..  H  Rr-  CS.P 


Max] 

X><utf,  16  to  60  mg.,  V4  to 
Dostt  0.05  cc,  1  rnuuni, 


Do%t^  o.i 


B.P. 


*Ext.  BelUid.  FoL,  U.S.P.— i  Gm.  represents  4 
InidK.  Occurs  in  both  pilular  and  powdered  form, 
mum  dose,  50  mg.,  ^i  gr. 

•Exi.  Bellad.  FoL^  B.P.— i  per  cent,  of  alkaloids  of  leaf. 
I  gr..  B.P. 

Fldexi,  Bellad.  Rod.,  U.S.?. — 0.45  per  cent,  of  alkaloids. 
U.S.P. 

Ext.  Bellad.  Liq.,  B.P. — 0.75  per  cent,  of  alkaloids  of  the  root. 

Lin.  Bellad.,  U.S. P. — Fldcxt.  Bellad.  Fol.,  wilh  5  per  cent,  of  Camphor. 

Lin.  Bellad. J  B.P. — 50  per  cent,  of  Liq.  Ext.  Bellad.  (root);  5  per  cent,  of  Camphor*^ 

*Tr.  Bellad.  Fol.,  U.S.?. — 10  per  cent,  of  the  leaves,  0.03  per  cent,   of 
Dose^  0.75  c.c,  12  minims,  U.S.?,.     Maximum  dose,  1  c.c,  15  minims. 

*Tr.  Bellad.,  B.P. — 10  per  cent,  of  leaves,  0.035  pc^  ctnl.  alkaloids. 
I  c.c,  5  to  ig  minims,  B.P. 

Supp.  Bellad.,  B.P.— 1  mg.  of  the  alkaloids  of  the  root. 

Vn%  BeJlud.,  U.S.P.— 10  per  cent,  of  Ext.  Bellad.  Fol..  0.115  per  cent  of  ill 
alkaloids. 

Un^.  Bctlad.,  B.P. — 0.6  per  cent,  of  the  alkaloids  of  the  root. 

Ddtnne  Folia,  BP. — The  dried  leaves  of  l>ntura  fastuosa  and  Mete!. 

Dainr.  Setn.y  B.P. — The  seeds  of  Datura  fustuosa. 

Tt.  Datur.  Sent.,  B.P. — 25  per  cent.     Dose^  0.3  to  r  c.c,  5  to  15  minims, 

Hyoscvamus,  U.S. P.;  Hyoscy.  Fol.,  B.P. — The  dried  leaves  and  tops  of  Hyosqrain 
niger,  yielding  not  less  than  0.065  P^^  cent,  of  alkaloids,  chieily  hyoscyamin,  with  sol 
atropin  and  scopolamin.    Dose,  0.25  Gm.,  4  gr.,  U.S. P.     Maximum  dose,  0.4  GulJ 
6gr. 

Exi.  Hyoscy.y  U.S.P. — A  pilular  extract,  i  Gra.  representing  4  Gm.  of  drug.  o.»i 
percent,  of  alkaloids.     Dose,  0.06  Gm.,  i  gr.,  U.S.P.     Maximum  dose,  0.3  Gm,  ^i  gfi 

Exi.  Hyoscy.,  B.P.^A  dry  extract,  with  0.3  per  cent,  of  alkaloids.     /?««,   an 
0.5  Gm.,  3  to  8  gr. 

FUUxt.  Hyoscy.,  U.S.P. — About  0.065  P^r  cent,  of  alkaloids.    Dose,  0.2  c.c,  3  ■! 
ims,  U.S.P. 

Tinctura  Hyoscyami  (Tr.  Hyoscy.),  U.S.P.,  B.P. — 10  per  cent.     M  iscible  with  wit« 
or  ale.     Dose,  2  c.c,  30  minims,  U.S.P.;  2  to  4  c.c,  J^  to  i  dram,  B.P.     Mi 
dose,  4  c.c,  I  dram. 

*Stranumium,  U.S.P.;  Stramon.  Fol.,  B.P.;  Stramonium  (Jamestown  Weed,  fit 
son  Weed). — The  dried  leaves  of  Datura  Stramonium  (also  Patura  Talula.  V.-S.P.) 
Contains  not  less  than  0.25  per  cent,  of  alkaloids,  chiefly  hyoscyamin,  with  some  airt 
pin  and  scopolamin.    Dose,  0.06  Gm..  1  gr.,  U.S.P.     Maximum  dose,  o.,^  Gm.,  5 
Against  asthma,  10  to  20  grains  of  the  dried  leaf,  smoked  in  a  pipe;  hemorrhoids, 
and  painful  ulcers,  10  per  cent,  ointment. 

Exi.  Stramon.t  U.S.P. — A  pilular  or  powdered  extract,  1  Gm.  representing  4  On. 
drug,  I  per  cent,  of  alkaloids.     Dose,  10  mg.,  >fe  gr.,  U.S.P. 

Tr.  Stramon.,  U.S.P. — 10  per  cent.     Dose.  0.5  cc,  8  minims,  U.S.P. 

Tr.  Stramon.,  B.P. — 20  fwr  cent.     Dose,  0.3  to  1  cc,  5  to  15  minims,  BJ*. 

Ung.  Stramon.,  U.S.P. — 10  per  cent,  of  the  extract. 

AGARIC  ACm 

Acidum  AgaricuMt  N.N.R.,  and  the  impure  mixture  A^aricimtm,  is  derived  fron 
fungus  of  the  larch  tree.  It  is  a  white,  odorless  and  tasteless  crystklline  powder,  b 
slightly  soluble  in  cold  water  and  alcohol. 

The  anhydrotic  action  of  the  fungus  was  probably  known  for  some  cetttv 
Agaricin  was  introduced  against  the  night-sweats  of  phthisis  by  Young,  1882.  Tbec 
appears  onlv  after  some  hours  (if  at  all)  and  then  lasts  for  about  24  hours.  It  is  a 
irritant,  and  therefore  can  not  be  given  hypodermically.  Large  doses  produce  vomits 
diarrhea,  and  death  through  central  paralysis  (Hofmeister.  1888).  The  maxii 
single  do^e  should  not  exceed  0.03  Gm.  (^i  gr);  and  the  daily  dose  should  be  bel 
o.i  Gm.  (l^  gr.).  As  habituation  occurs,  it  is  better  to  start  with  0.5  mg.  (Hi* 
Clinical  opinions  differ  as  to  its  value. 

The  mechanism  of  its  action  has  not  been  satisfactorily  explained.     Ilofroe 
claimed  that  it  prevents  the  sweating  response  of  the  cat's  paw  to  sciatic  stimulation 
heat,  indicating  that  its  action  is  peripheral  and  similar  to  aln>pin.     Howc%-cr,  it  d 
not  arrest  the  saliva  or  tears.     McCartney,  19x7.  finds  that  it  has  a  digitalis  actMO.aM 
that  it  stimulates  smooth  muscle.     He  therefore  suggests  (but  without  direct  evi< 
that  it  arrests  perspiration  by  a  special  action  on  the  muscular  tissue  of  tbc 
glands. 


SCOPOLAMIN    GROUP 


353 


SCOPOLAMm  OR  HYOSCIN 

General  Statement. — The  commercial  samples  of  scopolamin  (also 
called  hyoscin)  arc  usually  indefinite,  and  often  rather  impure  mLxtures  of 
t-wo  isomeric  alkaloids  ( tropcic  esters  of  oscin) :  scopolamin  proper  (levoro- 
ta.r\'.  25.75*).  3^"*^'  alroscin  (optically  inactive).  They  occur  in  the  various 
atropin-containing  plants,  but  are  now  prepared  mainly  from  Scopola. 
The  U-S.P.  now  speci&es  the  optically  active  alkaloid  J,e,,  scopolamin 
proper. 

The  peripheral  actions  of  scopolamin  agree  qualitatively  with  those  of 
airopin;  but  there  are  quantitative  differences;  for  instance,  the  actions 
on  the  oculomotor  and  secretions  are  stronger,  while  the  vagus  action 
is  relatively  weak. 

The  central  actions  differ  quahtatively;  scopolamin  being  mainly 
sedative,  in  all  doses;  while  moderate  doses  of  airopin  are  excitant. 
However,  there  arc  great  individual  variations  In  the  response  to  scopola- 
min, and.  therefore,  in  its  toxicity.  The  variable  toxicity  is  due  mainly  to 
idiosyncrasy,  for  it  occurs  with  the  purest  samples;  although  the  uncertain 
composition  of  the  commercial  samples  probably  plays  a  part. 

Chemic  Differences  in  Scopolamin. — It  is  often  stated  that  there  are  specilic  diffcr- 
raifs  in  the  c5ecUi  according  to  the  origin  of  the  alkaloids;  and  that  "hyoscin"  derived 
ftom  byoscyamus  is  therapeutically  superior  to  the  "scopolamin"  of  scopola.  No 
■ch  difference  can  exist  if  the  pure  alkaloids  are  employed;  for  these  arc  identical, 
fhitcvcr  liieir  source  (K.  Schmidt,  i8g2  and  18^4).  Impure  mixtures  doubtless  pro- 
duce different  effects,  but  impurities  are  quite  as  likely  to  be  present  if  the  alkaloid  is 
frtpircd  from  hyoscyamus.  A  purified  "scopolamin"  is  much  more  reliable  llian  un 
BBptirc  *'hyosdn."  Moreover,  uicrc  is  no  way  of  determining  from  which  plant  the 
'•luloid  has  been  prepared  (J.A.M.A.,  xgo?,  49:2105).  It  13,  therefore,  useless  to 
oiAlct:  this  distinction  between  "scopolamin"  and  "hyoscin." 

Apaatropfn  (CirHjiNOg,  also  called  belladonnin  or  atropamin)  was  demonstrated  in 
» commercial  sample  by  Kobcrt.  1905,  and  has  been  held  responsible  for  the  occasional 
toxic  effects.  This  is  improbable.  It  is  a  rare  impurity  (Kionka,  i<>oS)  and  its  presence 
acisily  5hoMm,  by  reduction  (brown  color),  on  adding  a  few  drops  of  permanganate  solu- 
fco  (ResscI,  1Q06).  It  exists  preformed  in  the  plants  and  may  be  derived  chemically 
"301  atropin  hy  the  al>5traction  of  one  molecule  of  water.  It  causes,  in  rabbits^  a  rise 
of  bktod  pressure,  paralysis  of  cardiac  vagus  endings,  central  excitation,  and  death  with 
ftUtivcly  small  aoi^es.  by  paralysis  of  respiration.  The  oculomotor  and  secretory 
tndings  are  not  paralyzed  ''Marcacci,  r88^;  Kobcrt,  igos). 

Deterioration  of  Solutions. — This  has  l>een  suggested  as  a  cause  for  idiosyncrasy  {JA.^ 
^Gfttiss,  IQ07;  Langer,  igi3,  and  Sachs,  iqw);  but  according  to  the  seemingly  more 
wliiblc  experiments  of  Kionka.  1908;  Willstatter  and  Hug,  190;  and  Beck,  1914;  the 
"lutions  keep  unchanged  indcfmitely,  at  least  in  scaled  ampoules. 

Phammcologic  Differences  between  Scopolamin  and  Atroscin. — 
These  play  an  important  part  in  the  peripheral  actions,  but  not  in  the 
Iftore  importint  central  effects.  Cushny  and  Peebles,  1905,  found  that 
tHc  I.-  and  i.-alkaloids  act  alike  on  the  central  nervous  system  in  mammals, 
*ftdon  the  motor  endings;  hut  that  the  left-alkaloid  (scopolamin)  is  twice 
•saclive  on  the  salivary  and  vagus  endings  as  the  racemic  atroscin. 

Thi«  has  been  confirmed,  also  for  the  pupil,  by  Hug,  igi2.  Konigsderfcr,  1806., 
liu  ihat  there  is  no  difference  in  the  pupil  action.  Cloetta,  1013.  contends  tiiat 
'^ncemic  is  less  toxic  than  the  1-.  in  man,  but  without  good  evidence  (Cushny,  19x3). 
[faith,  1915.  found  the  fatal  dose  the  same  for  mice. 

Psychic  Actions. — In  man,  doses  of  i  to  3  mg.  (}^0  to  ^io  gr.)  gen- 
'WJiiy  produce,  within  ten  or  fifteen  minutes,  fatigue,  drowsiness,  and  a 
Mlural,  dreamless  sleep,  lasting  several  hours.    The  response,  however, 
23 
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is  variable.     In  some  the  sieep  is  preceded  by  hallucinations,  whicn  maj 
be  rather  pleasant  with  small  doses,  but  which  become  violent  if  the  dosa^ 
is  increased.     Animals  are  also  affected  differently  by  scopolamin  (K< 
mann,  1913). 

Dogs  react  similarly  Lo  man:  very  small  doses  produce  sleep  and   hallucinatioi 
larger  doses  cause  more  marked  hallucinations  and  restlessness,  ataxia,  and  often  emt 
The  excitability  of  the  motor  areas  is  said  to  be  lowered  (Sohrt,  1886;  Ramm,  1893] 
RabhUs  react  by  a  mixture  of  depression  and  stimulation  (Lilgcstrand  el  oi..  X919I 
Frogs  show  a  central  abolition  of  reflexes  (Wood,  1S83),  preceded  by  more  extensi^ 
spreading  of  the  reflexes  (Kocbmann). 

Therapeutic  Use  of  Sedative  and  Hypnotic  Action. — Scopolamin  is 
employed  especially  in  acute  maniacal  excitement,  delirium  tremens  a 
tetanus.     It  has  advantages  over  morphin,  by  quieting  the  reflexes  and 
avoiding  habit  formation;  and  over  chloral,  in  that  it  does  not   usuall' 
depress  the  medulla.    On  the  other  hand,  it  produces  the  unpleasant  s 
ejjecis  of  mydriasis,  cycloplegia,  and  excessive  dryness;  sometimes  muscul 
tremors;  and  occasionally  serious  delirium  (the  latter  is  said  to  be  promp 
controlled  by  small  doses  uf  morphin).     The  therapeutic  dose  lies  mu 
below  the  ordinary  fatal  dose;  but  small  doses  (0.2  to  0,75  mg.;  ^300  ^ 
Ms  Rf)  ^ave  produced  serious  poisoning,  with  cardiac  and  respiratory 
collapse.     On  the  other  hand,  l^o  3^d  even  ^i  gr.  (6.5  and  50  mg.)  hav 
been   taken  without   ill  effects.     Insane  patients  gencrallv  seem  to 
tolerant,  so  that  the  effective  doses  (i  to  3  mg.;  igo  to  J^o  P-)  ^^y 
given;  with  ordinary  individuals  it  is  not  safe  to  exceed  0.5  mg.  (Ji20  ^\ 
repeating  ihb  smaller  dose  every  six  to  eight  hoiu^,  if  necessary;  and  il 
would  be  safer  to  use  this  dosage  also  for  the  insane.     Smaller  doses  (o 
fng-I  ^^00  gr.)  may  be  used  to  enhance  the  hypnotic  effect  of  morphia*' 
The  use  in  drug  additions  has  been  described  under  **  Morphin." 

Respiration  and  Circulation. — Therapeutic  doses  ordinarily  do  not 
produce  any  inifwrtant  effects  (Kocbmann,  1903).  The  respiration  is 
practically  unchanged.  The  pulse  may  be  unchanged  or  considerably 
slowed  (central  vagus  stimulation).  The  blood  pressure  shows  no  change* 
or  with  somewhat  larger  doses  a  moderate  rise  (stimulation  of  vasomotor 
center).  To.xic  doses  depress  the  respiration,  the  heart,  and  the  blood 
pressure.     With  fatal  doses,  the  respiration  stops  before  the  heart. 

The  Eye. — The  effects  of  scopolamin  coVrespond  qualitatively  vi'^ 
those  of  atropin.  They  are  produced  more  quickly  and  by  doses  only 
one-fifth  or  one-tenth  as  large  (Joachimoglu,  191  s\  but  are  not  quite 
as  lasting.  The  intraocular  pressure  is  less  affected  (Bollet  and  Curiili 
191 1).  It  is  less  irritant  than  atropin.  and  patients  who  have  an  idiosvii- 
crasy  against  atropin  can  often  tolerate  scopolamin.  It  is  used  like  atro- 
pin (iritis,  etc..  o.r  per  cent.;  cycloplegic,  0.2  per  cent.). 

The  secretion  of  saliva,  sweat,  mucus,  etc.,  is  paralyzed  by  therapeutic 
doses  of  scopolamin,  more  actively  than  by  atropin. 

The  effects  on  the  intestine  correspond  to  those  of  atropin.     The  excised  atenis 
stimulated  (Kehrcr,  1907;  Barbour  and  Copenhavcr,  1015). 

/jffffKTi  on  Excised  Ureters. — The  levo  stimulates  the  contraclioits  and  slightlj* 
raises  the  tone.    Very  large  doses  depress.    The  dextro  inhibits  without  stimulation^] 
The  raccmic  is  also  inhibitory  (Macht,  IQ18). 

Scopolamin  Poisoning.^The  symptoms  resemble  those  of  atropia 
poisoning,  except  for  the  early  tendency  to  sleep,  coma,  collapse,  and 
the  less<;r  effect  on  the  pulse  rate  (Details,  Seifert,   Nebenwirk.,  191 5,  p. 
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87).    The  treatment  would  be  as  for  atropin.    The  excretion  occurs  by 
the  urine. 

Scopolamin-morphin  Narcosis. — The  combination  of  the  two  alka- 
loids results  in  a  deep  narcosis  that  may  permit  of  major  surgical  operations 
(Schciderlin.  1900;  Korfif,  1901  to  1902;  Bios,  1902).  Smaller  doses  pro- 
duce a  partial  anesthesia  ("Seminarcosis,**  "twilight  sleep  "or'*  Diimmer- 
schlaf,**  Gauss,  1906  and  1907)  which  has  been  used  in  obstetrics.  Still 
smaller  doses  quiet  the  patient,  and  may  be  employed  to  facilitate  the 
administration  of  the  ordinary  inhalation  anesthetics 


Scopolamin  alone  is  not  narcotic  (for  rabbits  or  mice),  even  in  large  doses;  nor  docs 
it  diminish  the  concentration  of  ether  or  chloroform  required  for  light  anesthesia;  but 
it  does  permit  a  deep  anesthesia  with  relatively  lower  concentrations.  It  alsti  deepens 
the  morphin  narcosis.  The  two  alkaloids  used  together  produce  a  deeper  anesthesia 
with  a  given  concentration  of  inhalation  anesthetic  (Ludewig,  1Q13). 

The  earlier  investigators  believed  that  ihe  mixed  alkaloids  produce  a  deeper  narcosis 
than  would  correspond  to  the  simple  addition  of  their  individual  actions;  i.e.,  a 
'potentiated  synergism"  (Madelung,  1900;  Buergi,  igio;  Kochraann,  iQijj.  The 
later  work,  of  M.  I.  Smith,  1915,  and  van  Lceuwea  do/.,  19x9,  faOs  to  confirm  this,  and 
indic&tcs  a  simple  summation  of  the  effects. 

The  advantages  of  exclusive  scopolamin-morphin  anesthesia^  as  com- 
pared with  ether  or  gas,  are  rather  minor,  while  the  disadvantages  are 
very  serious  (see  Hatcher,  J. A.M. A.,  1910,  liv,  p.  446;  H.  C.  Wood,  Jr.. 
j.A.M.A.,  1906,  xii,  p.  546;  Bevan,  ib.,  igis,  65  :i4i8;  M.  Kochmann, 
igo^;  A.  Mayor,  1908).  The  combination  increases  not  only  the  narcotic 
iction,  but  also  the  depression  of  respiration  and  circulation:  and  this  in  a 
very  irregular  degree.  The  susceptibility  varies  so  much  that  the  surgical 
Jinesthesia  is  often  incomplete  and  must  be  supplemented  by  ether;  and 
on  the  other  hand,  serious  accidents  and  fatalities  are  alarmingly  frequent. 
Tlie  anesthesia  can  not  be  modified  to  suit  the  needs  of  the  moment. 
r>e!irium.  sometimes  serious,  is  not  uncommon.  The  obstetric  anesthesia 
ii  especially  dangerous  to  the  child,  owing  to  the  great  susceptibility  to 
BMrpbin.  In  non-fatal  cases,  the  child  may  show  somnolence  and  defi- 
dent  respiration  for  days  after  delivery  (Jung,  1914).  The  use  of  scopo- 
lamin-morphin anesthesia  is  justified  (if  at  aU)  only  in  specially  equipped 
institutions,  and  not  in  private  practice,  or  even  in  ordinary  hospitals. 

The  smaller  doses  used  preliminary  to  anesthesia  would  alone  appear 

iiisiifiable;  and  even  these  may  cause  marked  fall  of  blood  pressure  (A. 

Mayor,  1908).     Chloroform  is  especially  dangerous  (W.  Straub.  1913). 

'  !.   1915.  believes  that  the  use  of  the  alkaloids  in  ordinary  doses 

hin,   fi  gr.;  scopolamin.   '^0  >^r.)  adds  distinctly  to  the  risks  of 

[Vjrm,  ether  or  gas  or  local  or  spinal  anesthesia,  more  than  morphin 

<  ,  and  that  it  has  been  responsible  for  many  deaths,  especially  by 

awaking  the  danger  signals.     It  also  increases  the  percentage  of  vomiting 

and  of  bladder  paresis,  and  reduces  immunity. 

DoBAge  for  Surgical  Anesthesia. — As  a  preliminary  to  inhalation  anesthesia, 
lKat^  injects  hj-podcrmically  a  mixture  of  0.4  mg.,  *j(iogr..  of  scopolamin  hydrobromid, 

10  mg..  .^Bgr.jof  morphin  hydrochJorid,  one  and  one-half  hours  before  the  operation, 
>fcl  repeats  the  same  quantity  an  hour  later.  If  the  scopolamin-morphin  is  to  be 
t**  chief  anesthetic,  to  be  merely  supplemented  by  ether  if  necessary,  he  precedes 
*^  injections  by  another,  of  the  same  sice,  two  and  one-half  hours  before  the  operation. 
TV  total  dosage  would  therefore  be  i.i  mg.,  l^o  gr.,  scopolamin;  and  30  mg.,  ^  gr., 
Morphin. 

Kcsults  of  Scopolamia-morphin  Seminarcosis  in  Obstetrics. — The  introduction  of 
dw"t«iliplii  «Iccri,"  intended  lo  deprive  lalior  o!  its  terrors,  has  led  lo  much  discussion 
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and  diversity  of  opinion.     Its  advocates  do  not  claixn  that  it  abolishes  pain,  but  the3^' 
assert  that  it  successfully  removes  the  memory  of  the  experience,  in  the  majority  o  "^ 
cases,  and  with  practically  no  danger  to  mother  or  child;  provided  it  is  used  by  experT  — 
enced  operators,  under  exactly  prescribed  conditions,  and  Avith  proper  dosage.     Thi^s^ 
experience  of  independent  observers  has  been  contradictory,  but  by  no  means  as  favor- 
able.    The  earl^  failures  may  be  attributable  to  excessive  doses  of  morphin  or  nth»  t 

faults  of  technic;  but  this  criticism  can  not  apply  to  the  later  compilations.  ThflB^»e 
serious  objections  are:  prolonged  labor  (averaging  three  to  four  hours);  f reouentl ■■  ^' 
delayed  respiration  of  child,  sometimes  requiring  vigorous  measures;  larger  number  o-mm^c>[ 
fetal  asphyxias;  excessive  thirst  and  intense  headaches;  difficult  control  of  patient— =:dU 
with  chance  of  infection;  more  frequent  postpartum  hemorrhage;  blurred  visioi 
ghastly  deliriums  persisting  for  long  time;  difficult  recognition  of  onset  of  second  st 
masking  of  early  symptoms  of  accidents;  failure  of  narcosis  in  one-seventh  to  one-thii 
of  the  cases  and  uncertainty  of  the  whole  treatment  (Baer,  1915;  Libby,  zQxs)- 

Effects  on  Uterus. — Morphin  and  scopolamin  slightly  increase  the  tone  of  the  1  iiw  1 
cised  uterus,  without  synergism  or  antagonism  (Barbour  and  Copenhaver,  19x5^"  ")■ 
In  anesthetized  animals,  there  is  little  effect  of  any  kind  (Barbour,  19x5).  The  cltnic^^^saJ 
delay  of  labor  is  therefore  probably  cerebral  (narcotic). 

Dosage  for  Twilight  Sleep.^The  minutely  defined  technic  can  not  be  described  heE=^ive 
with  sufficient  detail  to  be  useful.     The  reader  is  referred  to  the  original  articles,  «  »• 

text-books  of  obstetrics.  It  involves  painstaking  exclusion  of  noise,  light  and  n  ^fl 
excitant  factors — apparently  the  cooperation  of  suggestion  is  essenrial.  The  ''"■i  ijs 
are  not  started  until  the  regular  pains  occur,  perhaps  every  four  to  hve  minutes  aOMMwf 
lasting  half  a  minute.  The  first  injection  is  of  0.008  to  0.015  mg.  of  morphin  and  o.^gg^s 
mg.  of  scopolamin  hydrobrom.  The  Freiburg  school  prefers  narcophin,  30  zng.,  to  tt^^K 
morphin,  but  this  is  immaterial.  The  morphin  or  narcophin  must  not  be  repeate^B==f, 
The  scopolamin,  however,  is  repeated;  first  in  three-quarters  of  an  hour  with  0.45  nti 
then  every  one  and  one-half  hours  with  0.3  mg.,  until  anamnesia  (loss  of  memory) 
sufficiently  advanced.  This  is  tested  every  haS  hour.  When  successful,  the  pains  a 
fully  felt,  but  promptly  forgotten.  The  patient  is  rather  drowsy;  the  heart  slighL3  j 
quickened  (the  simplified  technic  is  described  by  Siegel,  1914).  / 

PREPARATIONS — SCOPOLABON 

*Scopolamina     Hydrobromidum     (Scopolamin.  Hydrobrom.),     U.S. P.;     Byosdm. 
Hydrobrom.^  B.P.;  CuHaiNO<.HBr  -j-  3HjO. — An  alkaloid  obtained  from  various plaiiCs 
of  the  Solanaceae.     The  U.S. P.  specifies  the  levorotary  isomer  (22"  to  27.5*).    Cowilesi       -.^ 
crystals.     Freely  sol.  in  water  (i:x5);  sol.  in  ale.  (x:2o).     Dose,  0.3  mg..  }4»9tP^-f       i<i 
U.S.P.;  0.3  to  0.6  mg.,  >^  00  to  H  00  gr.,  B.P.    Maximum  dose,  0.6  mg.,  Jf  »»  gr. 


PILOCARPm 

General  Statement — Pilocarpin,  the  principal  alkaloid  of  jaborandi 
leaves  (Pilocarpus),  stimulates  these  peripheral  structures  which  are 
paralyzed  by  atropin.  It  therefore  increases  the  secretions,  augments 
the  gastro-intestinal  movements,  constricts  the  pupils,  etc.  The  stimub- 
tion  of  these  functions  persists  even  with  large  doses.  The  vagus,  how- 
ever, is  first  stimulated,  then  depressed.  All  these  autonomic  actions 
are  purely  peripheral  (on  the  myoneural  junction).  The  central  effects 
of  pilocarpin  are  unimportant. 

Pilocar];)in  is  used  as  a  miotic,  but  especially  as  a  diaphoretic;  in  this 
resp>ect  it  surpasses  all  other  drugs.  Pulmonary  disease  enjoins  caution  10 
its  use,  to  guard  against  fata!  pulmonary  edema. 

The  stimulant  effects  of  pilocarpin  are  easily  inhibited  by  atropin. 
Conversely,  pilocarpin  removes  the  depressant  effects  of  smaU  doses  of 
atropin,  but  is  ineffective  against  large  doses. 

OAer  Jaborandi  Alkaloids. — Pilocarpus  contains  two  other  alkaloids:  viz.,  iaopib- 
caipin  and  pilocarpidin.    These  differ  merely  in  the  strength  of  their  action,  pilocai|»B 
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being  by  far  the  strongest,  and  pilocarpidin  the  weakest.  It  was  formerly  believed 
that  pilocarpus  contained  another  alkaloid,  jaborin,  with  atropin  actions.  This  view 
hsb  btrcn  shown  to  be  erroneous  (Jowett.  looo  and  1903;  Marsliall,  1904). 

Arecolin,  the  alkaloid  of  Areca  or  Betel  nut,  is  closely  related  to  pilocarpin  in  its 
actions  (MamU^,  t^Rq.  Lecpin,  iHqi).  It  stimulates  peristalsis  (Paclz.  1910)  and 
f  woduces  marked  bronchial  constriction  by  peripheral  action,  but  is  overcome  by  atropin 
or  epincphrin  (D.  K.  Jackson,  1914). 

Glands. — Pilocarpin  increases  the  secretion  of  saliva,  sweat,  tears, 
mucus,  and  of  the  gastric,  pancreatic,  and  possibly  of  the  intestinal 
juice  and  of  the  milk,  not  of  the  urine  or  bile.  A  gallon  of  water  may 
l>e  removed  by  these  secretions,  after  a  single  injection. 

Pilocarpin  continues  efective  ajtcr  degeneration  of  the  nerves,  but  Is  easily  inhibited  by 
atropin.     Its  action  is  therefore  located  in  the  myoneural  junction. 

AcceUraiion  oj  the  blood  current  through  the  glands  occurs  as  a  secondary  effect  of 
their  increased  action.  A  common  efTect  of  pilocarpin,  a  hyperemia  of  the  skin  (resulting 
in  an  increase  of  its  temperature),  may  possibly  be  due  to  the  increased  activity  of  the 
sweat  glands. 

The  increased  circulation  of  the  skin  is*  said  to  increase  the  growth  of  hair^  and  to 
darken  its  color.     The  statement  may  be  doubled. 

Gastric  Secretion. — The  quantity  and  the  ferment  content  of  tlic  gastric  juice  arc 
increased  (Chiari,  191,1). 

production  of  Gastric  Ulcers.— G.  A.  Friedman,  igiS,  claims  that  repeated  hypo- 
dcrmic  injections  of  pilocarpin  into  rabbits  results  in  acute  gastric  ulcers;  and  that 
alternate  injections  of  pilocarpin  and  epinephrin  produce  also  erosions  in  the  duodenum. 
Confirmation  li  desirable. 

Pancreatic  Secretion. — Lannoy.  1905,  claimed  that  this  not  increased  if  the  pylorus 
isUgated.  lit  tluTrforc  believed  that  the  ordinary  increase  is  indirect,  due  to  the  in- 
ctcased  secretion  of  acid  in  the  stomach,  and  therefore  increased  production  of  secretin. 
C&masand  Gley.  1913,  find,  however,  that  it  is  etfective  even  when  the  small  intestine 
U^  hfcn  removed,  so  that  it  must  act  directly  on  the  pancreas. 

W]k  Secretion. — The  earlier  investittators  claimed  some  increase  (Rnchrig;  Otl  and 
Vrttl.  TQi^-,  O.  H.  Henderson,  1915;  McCandish,  iqi8);  but  Hays  and  Thomas,  lo^o, 
found  the  response  inconstant  and  wn'thin  the  range  of  accidental  variation.  Other 
reputed  lacteal  stimulants  were  also  ineffective. 

Urine. — Ordinarily,  pilocarpin  has  no  direct  action  on  the  urine  (MacCallum,  1905): 

but  the  great  loss  of  fluid  by  other  channels  usually  diminishes  the  water  and  diloria 

ml  by  the  kidneys  ^Asher,  1905;  Cow,  1912).     Repeated  injections  of  large  doses 

luces  glycosuria  and  diuresis,  which  Waterman,  igii,  attributes  to  increased  renal 

ptnneability. 

Glycogenolysis. — This  b  not  directly  affected  (McGuigan.  igi6). 
Bile  and  Lymph  Flow. — Janagaw,  igift,  claims  that  these  arc  increased. 
Cerebro-spinal  Fluid. — This  is  increased  by  the  respiratory  embarrassment  (DLxon 
uid  Halliburton,  igi?). 

Sialagogue  Action  in  Man. — Five  to  10  mg.  of  pilocarpin.  by  mouth,  increases  the 

vftitmi^  of  saliva  considerably.    The  percentage  of  inorganic  solids  is  unchanged;  that 

u  solids  shows  an  insignificant  increase.     The  proportion  of  ptyalin  is  markedly 

i-ticd.  but  its  total  quantity  is  considerably  increased  (Hwing,  1911).     The  com- 

|J(*ition  of  pilocarpin  saliva  is  not  changed  by  the  injection  of  sodium  phosphates, 

'  "»ate  or  carbonate,  or  of  glucose,  unless  toxic  doses  are  given  (Asher,  1908).     The 

iBbmanUary  gland,  when  perfused  with  Locke's  solution,  can  be  provoked  to  secretion 

''y  pilocarpin,  but  not  by  chorda  stimulation  (Demoor.  1913). 

Therapeutic  Use. — The  sialago^ue  action  is  employed  (10  mg.,  J^ 
,  by  mouth  ,  three  or  four  limes  a  day)  against  poisons  which'  suppress 
this  secretion  (atropin.  meal-poisons,  etc.).  The  increased  secretion  of 
WKia;  may  be  used  in  a  dry  cough.  This  also  results  in  loosening  croupous 
tDonbTanes.  The  increase  in  biliary  mucus  is  said  to  facilitate  the  passage 
01  siall-ytoftt's.     Its  utility  is  doubtful. 

Diaphoretic  Action. — To  produce  this  effect,  pilocarpin  should  be 
ffljccled  hypodcrmically  (5  rag.,  *f 2  gr)»  ^^e  patient  being  kept  warnu 
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This  dose  may  be  repeated  in  ha!f  an  hour  if  necessary.  Several  liters  of 
alkaline  sweat  may  be  excreted. 

This  dosage  usually  produces  salivation,  sweating,  and  nausea,  oftca 
vomiting  and  singultus;  exceptionally  slowing  of  the  pulse;  sometimes 
considerable  general  <lcpression,  and  with  larger  doses  even  serious  col- 
lapse, especially  in  children.  As  has  been  said,  pilocarpin  should  br 
avoided  in  pulmonary  disease,  since  the  increase  of  mucus  and  theacdon 
on  the  circulation  may  result  in  dangerous  pulmon<iry  edema} 

The  diaphoretic  action  is  used  especially  in  nephriiis,  to  relieve  the 
kidneys  and  to  remove  the  toxic  metabolites. 

In  paralyses  of  the  cortical  psychomotor  reKion,  the  corresponding  parts  of  the  siis 
are  said  to  perspire  especially  strongly  in  response  to  pilocarpin  ( Bikclcs  and  Gerstnunn. 

Other  Diaphoretics  (Sudorifics  or  Hydrotics).^The  secretion  of  sweat 
may  be  increased  (i)  by  stimulating  the  secretory  structures,  (a)  peripher- 
ally (pilocarpin)  or  (ft)  the  sweating  center  (camphor,  ammonium  acetate), 
or  (2)  by  increasing  the  cutaneous  circulation,  (0)  locally  (mustard; 
external  heat)  or  (b)  through  the  vasomotor  center  (internal  heat;  alcohol 
salicylates,  aceianilid,  nauseants,  etc.). 

Children  sweat  more,  old  P^'op'c  less  easily,  than  adults.  Among  animals,  hon« 
sweat  most  profusely;  pigs  and  welf  not  very  readily;  dogs,  rabbits,  and  sheep  not  ill  aH; 
cats  only  on  the  paws. 

Indkations  for  Diaphoretics. — The  various  sudorific  measures  specially 
adapted  to  the  different  indications  are  as  follows: 

For  the  Absorption  oj  Edemas  and  Exiuiates. — A  powerful  action  is 
needed:  pilocarpin  combined  with  external  heat  (hot  baths  or  packs). 

To  Relieve  Inflamed  attd  Overtaxed  Kidneys, — The  large  amount  of 
fluid  and  excrementitious  material  removed  by  a  thorough  sweating 
secures  functional  rest  to  the  kidneys  and  lowers  blood  pressure.  Here, 
also,  pilocarpin  and  hot  baths  are  preferred. 

Ordinary  sweat  (Hoelscher,  1904)  contains  0.22  to  0.81  per  cent,  of  ash,  and  0.043 
to  0.0S4  per  cent,  of  mtrogea,  mainly  in  Uie  form  of  urea.  (o.jSs  per  cent,  of  !«*^ 
and  0.2I  per  cent,  of  urea;  KovesiJ.  The  daily  cutaneous  excretion  of  nitrogen  i5 fnin 
0.3  to  1. 8  Gm.  (Benedict,  1905;  Schwenkenbacher  and  Spitta,  1907).  Even  dorii* 
rest,  the  sweat  averages  0.07  Gm.  of  nitrogen  per  day.  This  is  considerably  increaw 
in  proportion  to  muscular  labor,  to  0.23  Gm.  of  nitrogen  per  hour  (F.  C.  Ben^ct,  iQ05)- 

The  sweat  excreted  under  the  inlluence  of  pilocarpin  contains  in  normal  individoil* 
0.051  to  0.085  pdF  cent,  of  nitrogen,  and  o.iO  to  0.31  per  cent,  of  ash.  Three  liters  d 
sweat — a  not  unusual  quantity  after  pilocarpin — would  therefore  remove  about  J-S 
Gm.  of  nitrogen.  In  nephritis,  the  nitrogen  content  may  be  much  higher,  to  o.3&8pef 
cent.;  so  that  the  3  liters  could  remove  to  8  Gm.  of  nitrogen.  This  indicates  howefi- 
cicntly  the  kidneys  may  be  relieved  by  diaphoresis.  This  is  also  shown  by  the  exuu* 
nation  of  the  blood;  the  abnormally  great  depression  of  the  freeang  point  of  the  Uooi 
of  uremic  patients  may  be  reduced  to  normal  by  diaphoresis  (Bendix,  1904I.  Tta 
freezing  pomt  of  the  blood  of  normal  animals  is  not  affected,  .\limentary  glycosor* 
could  also  be  prevented  by  free  diaphoresis,  the  excess  of  sugar  being  cxcrclcd  by  the  skifl* 
However,  Austin  and  Miller  IQ14,  could  find  no  evidence  that  sweat  baths  materially 
diminish  the  nitrogen  retention  in  nephritis. 

To  rttstabliah  disturbed  rircuhilion  in  the  skin,  and  thereby  to  influence  the  circu- 
Ution  of  internal  organs:  this  determines  their  use  in  colds,  rheumatism,  etc.;  in  coll 
skin  from  whatever  cause;  in  inflammtttions  of  the  lungs,  pleura,  etc.  Relatively  mil 
diaphoretics  suf&cc  for  this  purpose:  External  heat;  hot  drinks  (teas,  lemonade 
alcohol);  Sweet  Spirits  of  Nitre;  Dover's  powder;  salicylate,  etc, 

'  Th«  edema  produced  by  the  dniRt  of  thii  aeries  conaists  rather  id  the  upirmtum  <A  ihm 
chud  c^usian.  thaa  in  «  true  •ermu  effusion.  Injur)'  to  the  walls  off  the  captUaries  »  *  neo 
factor  for  the  latter. 
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The  LQcreosed  vascularity  of  the  sldn  is  also  used  to  hasten  the  outbreak  olfehriie 
inihemoia,  to  promote  the  absorption  oj  salves^  etc.  Further,  in  certain  diseases  of  the 
in  where  its  nutrition  is  defective. 

For  the  remorai  of  poisotn,  especially  in  chronic  intoxication  by  the   metals.     The 

icQcy  is  rather  doubtful.    Hot  baths  and  drinks  would  be  used. 

In  ophthalmology,  diaphoresis  has  been  found  useful  in  congestive  and  exudative 
inns  of  the  uveal  trdct.  in  retinal  detachment  and  in  toxic  blindness;  it  is  useless  in 

)phic  and  dcatricial  lesions. 

Pilocaxpin  on  Unstriped  Muscle. — The  simulation  of  the  myoneural 
junction  of  the  cranio-sacral  autonomic  nerves  results  in  contraction  of 
most  unstriped  muscles  (not  of  the  blood  vessels).  The  intestines  are 
especialJy  stimulated,  with  diarrhea  and  colic.  The  stimulation  extends 
also  to  the  muscles  of  the  bronchi,  uterus,  ureter,  bladder,  spleen,  stomach, 
etc.  However,  the  nausea  and  emetic  action  are  essentially  central  (Egg- 
ieston  and  Hatcher,  1915).  They  are  antagonized  by  atropin  (Eggleston, 
1916). 

Excised  hfammalian  Stofruah. — All  regions  are  stimulated  (M.  Smith,  xqx8). 

Intestinal  Slimuiation. — The  location  was  described  in  the  general  section  on  auto- 
wmic  nerves.  Neukirch,  191  i,  finds  that  the  action  on  the  excised  intestine  is  purely 
fdmuknt,  even  with  5,000  times  the  effective  dose.  The  action  can  be  removed  by 
nshiag;  but  during  the  passage  of  the  pilocarpin  out  of  the  cells,  there  seems  to  be  a 
Vpplcmentary  stimulation,  the  reverse  of  Straub's  muscarin  phenomenon.  The  broo- 
dual  muscle  constricts  (Dixon  and  Brodic),  even  outside  of  the  body  (Trendelenburg, 

Uterine  Stimulalion. — This  is  rather  weak  and  inconstant  (Gunn  and  Gunn,  19x4). 
Its  location  was  described  in  the  general  section  on  autonomic  ner\*cs. 

Vrinary  Bladder. — The  localization  is  rather  confused  (Edmunds  and  Roth.  xgao). 

Ureter. — Stimulation  was  described  by  Cow,  and  by  Macht,  igi6.  High  concen- 
trations paralyzed.    G.  B.  Roth,  igi7,  obtained  no  effect. 

Gall-bladder. — This  is  stimulated  (I-ieb  and  McWhorter,  1915). 

Drugs  on  Bile  Duct.— Vater's  papilla  is  closed  by  intravenous  injection  of  morphin, 
qwncphnn.  hislamin,  caffcin,  large  doses  of  atropin,  and  especially  by  pilocarpin.  It 
j»TtIaved  by  papaverin,  yohimbin  and  nitrites  (Reach,  1014)' 

Leucocytosis  results  from  the  contraction  of  the  spleen  and  l>'mr>h  glands  (Harvey, 

>K    The  gall-bladder  is  stimulated  (T.ieb  and  McWhorter.  1915). 

Development  of  Ova. — Sollmann,  1904,  has  described  the  phenomena  of  antagonism 
xiropin. 

Yeast  Fonnation. — ^Somoggi.  xqi6,  cloitos  that  this  is  inhibited  by  small  concen- 
ii^tioas,  but  stimulated  by  larger  doses. 

Eye-effects. — The  application  of  pilocarpin  produces  miosis  and  spasm 
oi  accommodation,  by  peripheral  stimulation  of  the  oculomotor  (p. 
3J2l.  The  intraocular  tension  is  affected  as  with  physostigmin,  first 
raised,  followed  by  more  persistent  fall.  Pilocarpin  nitrate  in  J^  to  4 
per  cent,  solution  is  applied  as  a  milder  substitute  for  physostigmin  in 
glaucoma,  corneal  ulcer,  etc. 

The  miosis  begins  in  fifteen  minutes  (independently  of  the  concentration);  reaches 
Its  maximum  in  thirty  to  fifty  minutes,  and  disappears  in  twenty  to  twenty-four  hours. 
^  ifiasm  of  accommodation  also  begins  in  fifteen  minutes,  and  lasts  atx>ut  two  and 

Iose-half  hours. 
L  Suprarenal  Stimulation. — Dale  and  Laidlaw,  1912,  describe  evidences  of  oculo- 
btor stimulation  (fvtn  if  the  cervical  ganglia  have  been  excised  but  not  if  the  suprarenal 
P>  b«n  removed.  They  ascribe  this  to  stimulation  of  the  suprarcnalsfe.  increased 
pndaction  of  cpinephrin.  There  is  a  similar  condition  as  regards  the  uterus.  Jackson, 
^t},  accepts  the  same  explanation  for  a  dilator  effect  on  bronchial  muscle. 

Circulatioii. — Pilocarpin  first  stimulates,  and  then  paralyzes  the  vagi 
peripherally,  and  therefore  produces  slowing  (in  frogs,  diastolic  stand- 
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Still,  Harnack  atid  H.  Meyer,  i88o),  followed  by  quickening  of  the  heart' 
rate.     In  mammals,  the  stage  of  stimulation  and  slowing  is  very  short; 
it  may  be  entirely  absent  in  dogs,  anil  often  in  man.     In  ihese  the  blood 
pressure  rises,  [)artly  from  the  faster  heart,  and  perhaps  partly  through 
stimulation  of  the  vasomotor  center. 


Perfused  blood  vessels  arc  dilated  (fro^s,  Froelich  and  Pick,  tgij;  lung,  Boehr  aarf 
Pick.  1913).     Berezin,  IQ14,  claims  constnction  of  the  lung  vessels. 

Frofi's  Heart. — The  slowing  occurs  after  aicotin  (Gaisboeck,  1911)  and  h  therrfore 
probahly  postgan^lianic.  The  vagus  excitability  is  increased.  Cambinations  wilfa 
muscarin  give  additive  effects;  physostigmin  doc3  not  (Loewi,  igia)-  In  the  secondan 
vagus  depression,  stimulation  of  the  sinus  produces  but  little  slowing,  showing  thai  th» 
action  is  also  largely  postganglionic.  Hign  concentrations  paralyze  the  cardiac  muvlr 
Small  doses  of  chloral,  Uy  depressing  the  cardiac  muscle,  delay  the  escape  from  va^js 
inhibition,  whether  by  pLlocarpin.  nuiscarin,  or  electric  stimulation  (Locwi,  louj 

Chronotropic  atui  Inotropic  AnUigonisms. — Perfusion  of  the  excised  frog  heart  with 
o.ooi  to  0.02  per  cent,  pilocarpin  produces  both  slowing  and  weakening.  These  an* 
due  to  distinct  functions  of  vagus  stimulation.  Both  are  antagonized  by  itropin 
which  fiaralyzcs  both  the  chronotropic  and  inotropic  functions;  and  by  epinephrinind 
ca0ein,  which  stimulate  the  heart  muscle.  The  uigitaloids  antagonize  tne  weakeoing, 
but  not  the  slowing  (F.  Ransom,  IQ17). 

Terrapin's  Heart. —  Pilocarpin  arrests  the  contractions,  but  does  not  affect  tbf 
auricular  tonus  waves  (Gniber  and  Markel,  iqiS;  Gruber,  1020). 

Excised  Mammalian  Heart  (IIcdbom-Langendorif). — The  effects  are  similar  to  the 
frog  heart,  but  the  stage  of  vagus  stimulation  is  short:  the  rate  is  suddenly  slowed;  thw 
lasts  but  a  short  time,  then  there  is  marked  quickening  with  increased  tonus  (fK:ri(>hcnl 
paralysis  of  vagus).  If  the  auriculo-vcntricular  bundle  is  divided,  pilocarpin  or  rcM*- 
carin  docs  not  produce  inhibition  (Cullis  and  Tribe,  iqij);  nor  do  they  inhibit  isoUtoi 
ventricular  strips  (Leetham,  igij).  Their  action  must  therefore  be  on  the  auricuUr 
vagus  terminations.     Large  doses  paralyze  the  muscle. 

Central  Nervous  System.^Thc  action  is  weak  and  appears  late,  so  that  it  b  cntiidy 
overshadowed  by  the  [>eripheral  actions.  The  effects  are  mainly  depressing.  Tiii*- 
mot4)r  paralysis  is  a  rather  early  and  prominent  symptom ;  it  leads  to  dy.ipHea.  Later,  the 
respiratory  center  is  also  depressed.  The  motor  centers^  especially  those  of  the  cord, 
show  some  stimulation  (increased  reflexes,  tremors,  convulsions)  and  later  paraly^ 
The  emetic  center  is  stimulated. 

Metabolism.^Pilocarpin  somewhat  increases  COi  production  and  tends  to  W* 
the  temperature,  even  in  curarized  animals,  i.e.,  by  direct  stimulation  of  the  gUtid»Atd 
unstriped  muscle.     The  increase  is  antagonised  by  atropin  (Keleman.  iqiS). 

Mendel  and  Stehle,  IQ15,  claim  that  pilocarpin  and  other  slimuUnls  of  dig«tiv« 
glands  increanr  the  excretion  of  uric  acid. 

Fate  and  Excretioa. — A  large  part  is  excreted  unchanged,  but  in  combination,  by 
the  urine  (Curci). 

Disintoxiiation  of  Pilocarpin  by  Tissues. — The  activity  of  pilocarpin  is  de*tn»y» 
by  digestion  with  livcr-cmulsions  or  serums;  but  active  pilocarpin  can  be  exlrlOT 
from  such  mixtures  by  acidified  alcohol.  The  inactivation  is  therefore  probaWy  an 
adsorption  phenomenon.  The  inactivating  substance  is  not  cholcsterin  or  kcitwii. 
Its  quantity  varies  for  the  serum  of  different  animals,  the  disintoxication  occurring 
most  readily  in  the  serum  of  rabbits  and  least  readily  in  dogs';  with  cat  or  01  »cnim 
intermediate  (van  Leeuwen,  1018). 

Symptoms  of  Poisoning. — The  toxicology  of  pilocarpin  is  not  very  important,  "nji 
symptoms,  which  apply  also  to  muscarin,  begin  with  greatly  increased  sctretionof 
saliva,  sweat,  and  tears;  then  nausea,  profuse  vomiting,  and  painful  diarrhea;  pupilbOf 
contraction  and  spasm  of  accommo<lation;  pulse  variable  in  rate,  tense,  and  ar)thiiat; 
palpitation;  dyspnea  with  riles;  sometimes  confusion  of  ideas,  vertigo,  tremors,  sod^ 
feeble  convulsions.  Deatli  occurs  either  by  paralysis  of  the  heart  or  edema  of  tlMJ 
lungs. 

Untouard  effecU  from  the  alimentary  canal  are  seen  most  frequenOy  if  the  drug 
given  by  moutli,  but  occur  also  on  hypodermic  administration.     They  consist  in  w 
prolongwl  and  depressing  nausea  and  vomiting,  sometimes  leading  to  collapse, 
disturbance  of  accommodaUon  causes  misty  vision.     A  burning  sensation  in  the 
thra,  with  sudden  and  irresistible  desire  to  urinate,  is  often  noted. 

Treatment.— Atropin  is  a  physiologic  antidote.    Otherwise,  the  general 
ment  of  alkaluidal  poisoning  would  be  employed. 
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PREPAKATIONS — PILOCARPIN 

PUocarp.  Bydrochi.'V.S.V. — Very  sol.  in  water  (1:0.3).  iJtfJd,  same  as  the  Nitrate. 
The  h>*drochlorid  is  highly  deliquescent  and  therefore  undesirable  (A.M. A.  Laboratory 
Report,  1Q20,  I2:q6). 

*Pito(4irfiina  Mtras  (Pilocarp.  NitJ.  U.S.P..  B. P.;  CuHhNjOj.HNOi.— Colorless. 
Uintly  bitter  crystals.  Freely  sol.  in  water  (1:4).  Dose,  10  mc..  ^  gr.,  by  raouih; 
hypHltrnuc,  5  mg.,  H^  Br.,  U.S.P.;  3  to  12  mg.,  ,^  a  to  fj  gr.,  B.P,  Maximum  dobe, 
50  mg.  i^  gr. 

PiliKarpits,  U.S. P.  (Jaborandi). — The  dried  leaflets  of  Pilocarpus  species,  yielding 
not  less  than  0.6  per  cent,  of  alkaloids. 

FttUxl.  Pilocarp..  U.S.P.— About  0.6  per  cent,  of  alkaloids.  Dose,  2  c.c.  30  minims, 
O.S.P. 


PHYSOSTIGMIN 

General  Statement. — Physostigmin  (also  ca^ied  Eserin)^  the  alkaloid 
of  Ph>-sostignia  or  ''Calabar  bean,"  stimulates  the  peripheral  structures 
ffhich  are  paralyzed  by  atropin.  Its  most  important  actions  consist  in 
powerful  contraction  of  the  smooth  muscle  of  the  eye  (miosis)  and  intes- 
tine. It  is  employed  in  eye  diseases  (glaucoma,  etc.)  and  in  intestinal 
pircsis.  The  glandular  stimulation  is  less  marked  than  with  pilocarpin. 
It  also  causes  fascicular  twitching  of  strii>ed  muscle  and  is  mutually  antago- 
nistic with  curare  and  substances  having  a  curare  action.  On  the  central 
oervous  s\'stcm,  the  effects  arc  mainly  paralyzing.  They  have  a  toxi- 
cologic importance  and  limit  its  internal  use. 

Actions  on  the  Eye,-- Physostigmin  causes  constriction  of  the  pupils 
(discovered  by  Kraser  of  E<linburgh,  186.3);  spasm  of  accommodation 
(n«ir  vision);  twitching  of  the  eyelid  and  lowering  of  the  intraocular 
pressure.  These  actions  are  due  mainly  to  increased  excitability  of  the 
oculomotor  endings  or  myoneural  junction.  The  effects  of  physostigmin 
an  t>u  removed  by  the  application  of  atropin,  and  vice  versa;  but  this 
requires  much  larger  doses  than  does  a  normal  eye. 

Th£  action  on  the  pupil  appears  somewhat  earlier,  and  lasts  somewhat  longer,  than 

tiuc  on  accommodation;  on  local  application  of  a  1  per  cent,  solution,  the  miosis  begins 

rftfn  within  ten  minutes,  reaches  its  ma.ximum  in  thirty  to  fifty  minutes,  sta>'s  maximal 

for  ihree  or  four  hours,  and  then  disappears  gradually  in  three  or  four  days.    The 

pii)iostigmin  contraction  is  greater  than  can  be  producxd   by   the  strongest  light, 

alilwMiKh  the  physostigmin  pupil  contracts  further  even  to  weak  light.     With  the  man- 

'  traction,  the  pupil  is  generally  irregular  tn  shape.     Physostigmin  is  much  more 

in  counteracting  the  mydriasis  of  cocain  than  that  of  atropin. 

ptism  of  accommodation  begins  in  about  twenty  minutes,  and  passes  off  in  about 

'  nnc-half  hours,  leaving  the   excitability  somewhat  increased.    Through  the 

in  of  the  ciliarA'  muscle,  the  Icnsc  ticcomes  more  spherical,  and  objects  appear 

'  ;tnd  more  distant. 

..{/  Iris  Spkinctcf  oj  Mammals. — This  is  constricted  by  dilutions  down  to 
*  K'-ooc.  the  intensity  varying  with  the  concentration.  With  1:50,000,  it  dilates 
(K-R.  Joseph,  1917). 

Localization  of  ^rfww.— Paralysis  of  the  sympathetic  may  be  excluded, 
for  stimulation  of  this  nerve  dilates  the  pupil  somewhat,  even  when  the 
physostigmin  effect  is  complete.  The  muscle  may  also  be  excluded,  for 
DO  miosis  occurs  if  the  oculomotor  endings  have  degenerated  (after  section 
of  the  short  ciliary).  The  action  is  therefore  a  stimulation  or  increased 
nnlability  of  the  oculomotor;  and  since  it  occurs  on  the  excised  eye,  the 
efect  must  be  on  the  endings.  The  antagonism  w^ith  atropin,  etc.,  was 
dkcusscd  on  p.  322. 
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If  the  experiment  is  arranged  so  that  the  sympathetic  is  left  Intact,  while  the  ^rt 
ciliary  is  c^vided,  phymstigmin  will  not  constrict  the  pupils  (even  if  the  oculomolor 
endings  are  intactj,  because  the  physostigmin  stimulation  is  evidently  unable  to  ovct- 
come  the  sympathetic  tone.  Since  the  physostigmin  easily  overcomes  the  sympathelic 
tone  if  the  oculomotor  tone  is  intact^  it  has  been  argued  that  the  physostigmin  artbn 
does  not  consist  in  direct  stimulation,  but  in  increase  of  excitability  to  the  nomul 
oculomotor  impulses  (Meyer  and  Gottlieb).  It  is  possible  that  this  phenomenoc  a 
related  to  synergism  (Dixon  and  Ransom,  1913). 

hiiraocular  Tension. — In  the  normal  eye,  physostigmin  produces  a  slight  fall  (j 
to  8  mm.)  lasting  some  twelve  hours  (Luebs,  igi3;  M>'ashita,  1913).  The  fall  is  more 
marked  in  glaucoma  (Bollet  and  Curttl,  iqii). 

Trypan  Red. — .\fter  intravenous  injection,  this  dye  appears  in  the  at^ueous  hnmor 
much  more  abundantly  when  the  eye  is  inflamed,  or  wnen  physostigram  is  applied. 
It  is  not  influenced  by  atropin  fP.  A.  Lewis,  IQ16). 

Therapeutic  Use  of  Oadomotor  Actions, — Physostigmin  may  be  used  to 
counteract  the  effects  of  atropin;  to  break  up  adhesions  of  the  iris  and  leos 
(in  alternation  with  atropin);  in  the  treatment  of  peripheral  corneal  ulcer 
and  to  lower  the  intraocular  pressure  in  glaucoma  (see  p.  343).  The 
continued  use  of  physostigmin  or  pilocarpin  produces  distinct  ameliora- 
tion of  the  glaucoma  symptoms,  often  more  than  iridectomy;  but  they  are, 
of  course,  not  curative  (Posey,  1914).  The  mechanism  of  its  action  in 
idcer  is  not  understood;  it  is  perhaps  explained  by  contraction  of  the  iris 
vessels. 

Application. — Physostigmin  is  always  used  locally,  in  jfo  to  i  percent 
solution  of  the  sulphate  or  salicylate  (in  glaucoma  0.1  to  0.4  per  ant., 
two  to  six  times  a  day).  Solutions  of  0.5  per  cent,  and  higher  sometimes 
cause  considerable  irritation  and  pain.  This  is  lessened  by  employing 
an  oily  solution  of  the  free  alkaloid.  Casey  Wood  advises  the  addilion 
of  \i  per  cent,  of  cocain  to  J^o  f>er  cent,  of  physostigmin;  or  pilocarpin  or 
arecolin  may  be  substituted. 

Intestine. — Physostigmin  greatly  increases^the  gastric  and  intcstiwl 
movements,  acting  directly  on  the  nerve  endings  (see  p.  330).  With 
therapeutic  doses  the  peristaltic  movements  are  more  active.  Toxic 
doses  produce  tetanic  contraction  of  the  gut.  The  action  is  utilized  in 
intestinal  paresis  (postoperative  ileus,  etc.),  2  mg.  (}^o  grOhypodermically 
(larger  doses  would  be  dangerous).  Cannon  and  Murphy,  1907,  have 
shown  that  it  has  a  marked  effect,  lasting,  however,  only  a  few  houft. 

Other  unstriped  muscles  contracted  by  physostigmin  are  those  of  the  bladder,  spleen. 
ureter,  uterus,  arterioles,  and  bronchial  muscles. 

Earthworms. — Physostigmin  produces  peculiar  contordons  (Sollmann,  1918I. 

Glandular  Secretions. — Physostigmin  stimulates  the  same  glands  as  pilocupiA 
(except  milk;  Ott  and  !>cott,  iqij);  but  the  increase  of  secretion  is  much  less  ro*rlt«l, 
bein^  counteracted  by  the  vasoconstriction.  Like  other  intestinal  stimulants,  ph)-««- 
tigmin  increases  the  elimination  of  uric  acid  (Abl.,  1913). 

Sweat. — PhysostiKmin  provokes  sweating  of  cat's  paw.  This  is  decreased  of 
arrested  by  section  of  the  nerves,  so  that  the  action  is  perhaps  partly  central  (Laa^ 
and  Kalo.  1915). 

Striped  Muscle. — The  fascicular  twitchings,  and  the  antagonism  with  curare,  wot 
discussed  on  p.  324.  A  similar  antagonism  exists  between  physostigmin  and  magnesiatB.] 
salts  (Mcltzer  and  Auer,  i^ofi;  Joseph,  igoS;  Joseph  and  Mcltzer,  iqoq). 

Small  doses  of  physostigmin  lower  the  threshold  of  nerve-stimulation,  wit 
producing  twitching.    With  larger  doses,  nerve  stiraulalioQ  with  tctanixing  ( 
may  provoke  fibrillation  that  persists  for  some  time  after  the  current  is  vitbdni 
(Langley  and  Kato,  1Q20). 

Fibrillary  twitching  of  the  muscle  by  tetaniMtioD  of  the  nerve  can  be  produced 
mammals  and  frogs  without  physostigmin,  as  a  constant  phenomenon  of  a  cei 
stage  of  fatigue  (Langley,  1916). 

Aside  from  the  fascicular  contractions,  physostigmin  also  provokes  coarser 
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tnctions  of  the  muMilea;  n\'stagmus,  and  rhythmic  movements  of  the  nictitating 
membrane  of  cat5.  These  are  of  central  origin  and  arc  abolished  by  alropui»  which  has 
liltk  effect  on  the  peripheral  fascicular  twitchings. 

Circulation. — In  mammals,  ordinary  doses  slow  the  heart  by  vagus  stimulation,  and 
rase  the  blood  pressure  by  vasoconstriction.  Large  doses  produce  further  slowing  and 
fiU  of  pressure.  In  man,  however,  serious  dizziness  and  faintness  occur  before  the 
heart  rate  is  aflfecled  (Robinson,  1915).  In  frogs,  the  heart  muscle  is  stimulated 
direcdy  so  thai  it  contracts  more  strongly,  and  can  not  be  stopped  by  vagus  stimulation. 
Hie  action  of  cardiac  depressants  is  antagonized.  (This  stimulant  action  is  not  noted  in 
nunmalsj 

The  slowing  in  mammals  is  due  to  peripheral  vagus  stimulation,  sufficiently  power- 
ful to  counteract  even  atropin  (Wintcrberg,  1007). 

The  rise  of  pressure  must  be  vascular,  since  the  cardiac  output  is  not  increased. 
It  occurs  alter  destruction  of  the  spinal  cord  and  must  therefore  be  peripheral.  It  is 
dec  partly  to  the  contraction  of  the  intestines,  and  partly  to  direct  sUmulatioD  of  the 
arterial  nerve-endings.  It  docs  not  occur  after  apocodein  (Dixon,  1903).  The  fall  of 
frtssurr  is  due  to  central  vasomotor  paralysis  and  to  cardiac  depression. 

Central  Effects. — The  action  on  the  central  nervous  system  is  first  tetanizing 
(Heubner,  1905);  then  rapidly  paralyzing,  beginninp^  at  least  in  man,  in  the  lower  por- 
iins,  so  that  conscioustiess  is  preserved  to  the  end.  The  respiration  is  at  first  increased; 
\ia  is  due  largely  to  stimulation  of  the  afferent  endings  of  the  vagi;  for  the  quickening 
is  much  less  after  the  vagi  have  been  cut. 

There  are  also  other  evidences  of  stimulation— exdtementt  etc — but  these  have 
bttn  considered  .^aondary  to  respiratory  paralysis,  the  central  actions  of  the  alkaloid 
bang  ma-inly  depressing.  Dyspnea  is  a  marked  symptom,  due  to  paralysis  of  the 
respiratory  center  and  spasm  of  the  bronchial  muscles.  Asphyxia  forms  the  cause  of 
dtaJk  (Hamack  and  Witkowski,  1876). 

The  depressant  action  of  phj-sostigmin  has  led  to  its  therapeutic  trial  in  epilepsy, 
<liorea^  tetanus,  etc.,  without  much  success. 

Phyoostismiii  Poisoning. — The  symptoms  consist  in  restlessness,  weakness,  nausea, 
voniting,  sometimes  purging;  epigastric  pain;  rarely  miosis;  salivation,  lachry-^mation 
odtweftting,  palpitation  with  slowed  pulse;  dyspnea;  muscular  twitchings;  con>'ul5ions. 
tieath  occurs  by  paralysis  of  respiration,  unaer  general  collapse,  with  the  reflexes 
pr«er\'cd  to  the  end.     The  fatal  dose  is  not  known. 

The  location  of  the  emeiu  action  has  not  been  definitely  determined,  because  of  the 
(fificully  of  fixing  the  emetic  dose  (Egglcston  and  Hatcher,  191 5). 

Treatment  of  Physostigmin  Poisofiing. — This  consists  in  evacuation, 
stimulants  and  atropin  (3-2  to  i  mg.). 

Fnirr  found  that  small  doses  of  atropin  saved  animals  from  three  times  the  fatal 
doif  of  ph>'wstigmin;  but  that  larger  doses  are  synergistic;  Curare  and  Magnesium  are 
effective  in  the  Iaborator>',  but  arc  dangerous  for  man. 

Fate. — Physostigmin  is  not  destroyed  by  Frog's  liver  (Clark,  191a). 
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*Pkpostis^ina  Salicylas  (Physostigmin.  Sal.),  U.S. P.  (Escrin  Salicylate);   Ci»H4r 

(TJIiOi. — Colorless  or  faintly  ycUow  crystals;  of  slightly  bitter  taste.     Soluble  in 

«ler  (i:  75)  and  in  ale.     Dose,  1  mg.,  Ho  gr.,  U.S.P.     Maximum  dose,  1  mg.,  Ho  gr. 

Watery  solutions  of  Phj'sostigmin  salts  (not  the  dry  salts)  o.\idi2e  under  the  intluence 
of  light.  MU,  and  the  alkah  of  glass  vessels,  acquiring  a  pink  color  (due  to  *'rubrcserin," 
Wodffin,  1913).  Such  colored  solutions  should  not  be  employed;  Hallauer,  iflgg, 
tbua  that  they  are  more  irritant,  altliough  the  miotic  action  is  not  impaired.  The  de- 
eompoiition  is  retarded  by  the  addition  of  a  little  boric  acid. 

Sulph;  B.P. — More  freely  soluble,  but  less  stable.    Dose,  t  to  a  mg., 
^-  :  .  B.P. 

.  :  ■     ,  Oilig.,  B. P.— 0.065  mg..  M'.OQO  P". 

/  :•:■  .,  .ft;'na,  U.S.P.  (Calabar  Bean). — The  dried  ripe  seeds  of  Physosdgma  veneno- 

<iifr      ■.  idin^;  not  less  than  0.15  per  cent,  of  alkaloids;  mainly  physostigmin;  also  small 

«  of   the   related   eseridin,   and   of   eseramin.     (Cjilabarin,   a  strychnin-like 

1,  was  formerly  suted  as  a  constituent,  but  has  not  been  confirmed.)     The  drug 

visioiroduccd  into  England  about  1840.     Dose,  o.i  Gm.,  i^  gr.,  U.S.P. 

Ext,  PHyscslif>matis,  U.S.P. — A  powdered  extract,  i  Gm.  representing  13  Gm.  of 
drug,  2  per  cent,  of  alkaloids.     Dose,  8  mg.,  H  gr.,  U.S.P. 

Tr.  Pkvsostig.^  U.S.P. — xo  per  cent.     Dose,  i  c.c,  15  minims,  U.S.P. 
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MUSCARIN 

Muscarin.  an  organic  ammonium  base,  found  in  a  mushroom,  and  a 
similar  base,  prepared  synthetically  from  cholin,  produce  typical  |>cripheral 
stimulation  of  the  parasympathetic  system,  i.e.j  all  the  effects  of  pilocar* 
pin;  and  also  a  nicolin  and  curare  action. 

The  most  characteristic  action  of  muscarin  is  a  vagus  standstill  of  the 
frog's  heart.  Its  interest  is  mainly  scientific,  and  to  some  extent  toxi- 
colopc,  since  it  occurs  in  the  most  poisonous  fly  mushroom. 

Constitution. — Muscarin.  as  isolated  by  Schmiedcberg  and  Koppe,  i86q,  from  the 
fly  aRaric  (o.oiti  per  cent,  in  the  fresh  fungus;  Harmsen,  1903),  is  a  substituted  amnw- 
nium  base: 

/CH,CH(OH). 
CH,  =  N< 


It  is  closely  related  to  cholin  (trimethyl-oxyethyl-antmonium  hydroxid: 

'Hj.CHsOH 

OH 


CH 


Synthetic  Muscarin. — "Synthetic  Muscarin"  is  prepared  artificially  by  the  onda- 
tion  uf  cholin  ("cholin-muscarin")  and  was  supposed  tu  have  the  same  compositioo: 
later  investigations,  however,  showed  thai  it  is  the  nitrous  ester  of  cholin  ivaktsiA 
Ewins,  roi4).  Its  actions  agree  qualitatively  with  those  of  the  natural,  but  exhibit 
quantlLativL'  differences;  the  natural  being  ten  times  stronger  on  the  heart,  while  ll* 
synthetic  produces  more  pronounced  nicolin  and  curare  actions  ("Schmiedcbcrg  ifld 
Harnack.  1876;  Bochm,  1S85;  H.  Meyer.  18Q3;  Honda,  iqii).  The  ancagonism  to 
atropin  is  also  less  complete  with  the  synthetic  base. 

Muscarin  Action  on  Frog's  Heart. — Muscarin  causes  slowing,  with  les«<ned  s)7tolic 
and  increased  diastolic  excursions,  and  finally  stoppage  in  diastoU.  Thc5e  effects  re- 
semble those  of  electric  vagus  stimulation  (also  the  electrocardiogram;  Sumojloff  HJU'I 
and  the  results  of  submaximal  vagus  stimulation  and  muscarin  are  strictly  additive,  in 
frogs  iHonda;  O.  Loewi),  in  turtles  (Fleischhauer,  IQ12).  and  in  mammals  iSchott, 
igii).  Muscarin  also  produces  additive  results  with  pilocarpin.  i^rge  dohe«>  of  boih 
paralyze  the  x-agus  (Locwi)  and  the  ganglia  (Schott).  The  muscarin  effect  14  more  per- 
sistent than  electric  vagus  stimulation,  and  occurs  e\*en  in  calcium-poor  hearts,  in  vuch^ 
ordinary  vagus  stimulation  is  ineffective  (Loewi,  igii). 

The  refractory  period  of  the  heart  to  artificial  stimulation  is  shortened  by  wik! 
muscarin.  as  by  vagus  stimulation  (Kaaflaub,  igt4).  The  cflects  of  muscario  00  (bt\ 
electric  response  of  the  heart  was  investigated  by  Xfines,  1Q14. 

Perfusion  of  the  excised  frog  heart  with  very  dilute  muscarin  in  Ringer's,  solutioti 
produces  simultaneous  weakening  and  slowing.  If  it  is  perfused  in  blood,  it'miv  ilai^j 
slow  without  weakening;  while  perfusion  of  muscarin  blood  through  the  isolated  vtfr| 
tridc  may  give  weakening  without  slowing  fRaaflaub.  1914). 

Turtle  ^(Nir/.— Muscarin  increases  the  auricular  tonus  waves  (Fano  and  SdoO 
Gruber  and  Markcl,  tgi8). 

Location  of  Action. — In  mammalian  hearts,  muscarin  causes  no  inhlbitioo  it 
auriculo-vcntricul:ir  humlle  is  cut  (Cullis  and  Tribe,    1913),  or  in  ventricular 
(Lcetham.  iqi.V*;  but  in  frogs,  the  muscarin  standstill  occurs  also  in  the  isolatedj 
showing  that  the  stimulation  is  peripheral  to  the  ganglia;  and  since  it  can  be 
by  atropin  (Schmiedtberg  and  Koppe),  the  action  can  not  l>e  on  the  muscle. 
therefore  assumed  that  it  stimulates  those  endings  which  atropin  paralyzes.     If 
carin  and  atropin  arc  exhibited  at  the  same  time  or  successively,  their  respective  qu«i 
itics  will  determine  which  predominates,  but  atropin  is  much  the  stronger. 
which  act  upon  the  ganplia — e.g.,  nicotin — will  he  ineffectual;  but  the  standstill 
be  raised  by  substances  eflecting  a  direct  stimulation  of  the  muscle  fibers — e.g.^  phi 
tigmin.  veratrin,  dtgitalin,  anilin,  camphor,  guanidin.     It  should  Xx  added,  howexi 
thai  the  type  of  contractions  under  muscarin  differs  in  some  respects  from  those 
vagus  stimulation  ( Rhodius  and  Straub,  1905).    This  may  possibly  ne  due  to  thea< 
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>af  Httscann  being  exerted  on  Uic  myoneural  junction,  rather  than  on  the  vagus  nerve 
■tedBDtsm  proptT.  It  is  interesting  that  muscnrin  causes  an  acceleration  of  the  crab's 
bmrt,  although  a  wclldcllned  inhiijilury  mechanism  exists  in  these  animals.  The 
etpUnatiun  undoubtedly  lies  in  some  structural  peculiarity. 

The  obscrwalions  of  Straub  on  the  pcnftnitton  of  muxrarin  were  discussed  on  p.  33a; 
its  action  on  the  inUstines  on  p.  330;  on  the  uretrr,  p.  327;  on  the  brofuhi-ai  muscle,  p. 
337  In  Kuinea  pig**,  it  may  cause  bronchia)  spasm,  similar  to  that  of  anaphylaxis 
(MoclnikeMski,  191  j).     It  has  no  effect  on  lacUai  se-crction  (Ott  and  Scott,  1912^. 

Excretion. — In  toads,  this  occurs  quanlitativelv  bv  the  urine  (Fuehner,  1908  and 
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Active  Constituents. ^Many  fungi  contain  poisonous  constituents, 
varying  in  the  di£Fercnt  species.  Ford,  191 1.  1913,  has  studied  a  large 
number  of  species,  and  finds  that  the  principles  toxic  to  man  belong 
mainly  to  three  calsses:  (i)  musoirin,  which  is  confined  practically  to  the 
*'ft\'-mushroom."  Amanita  muscaria;'  (2)  substances  producing  degenera- 
tive changes  in  internal  organs  (especially  Amanita  phalloidcs  ;  (3)  sub- 
stances producing  gastroenteritis. 

Clmcsidal  hemolysins  arc  also  present  in  Amanita  phalloides  and  several  related 
vjrietics.  especially  in  Hclvella  esculcnta  {Ford,  1913).  They  are  easily  decomposed 
V  heal  ana  digestion,  and  arc  therefore  not  concerned  in  poisonous  effects.  A^^lu- 
T"  rhaps  glucosidal,  are  also  widely  distributed;  some  of  these  are  not  destroyed 
:iii;,  but  they  arc  probably  not  pathogenic  (Ford  and  Rockwood.  roij).  Prac- 
UaUy  dll  species  of  Amanita  slow  or  stop  the  frog  heart  on  direct  application.  In  the 
tax  of  A.  phalloidcs,  this  is  not  due  to  muscarin,  but  to  inorganic  salts  (Ford  and 
Krush,  1014). 

Frnm  Amanita  phalloides,  two  interesting  principles  were  isolated  in  pure  form,  one 
« hemolysin,  the  otocr  a  toxin.  Both  are  antigens,  a  high-valcncc  scrum  being  obtain- 
•t»le  Against  the  hemolysin,  a  much  \\eaker  one  against  the  toxin.  Nevertheless,  the 
Wmoljrsin,  is  a  typical  glucosid  (Abel  and  Ford.  1907),  identical  with  the  "phaUin"  of 
Robert,  which  was  formerly  considered  a  toxalbumin.  It  is  readily  destroyed  by  cook- 
JTiK  The  toxin  (which  was  considered  an  alkaloid  by  Kobert)  is  alone  responsible  for 
is  of  poisoning  (widespread  fatty  degenerations  of  important  organs; 
'id  1Q09;  Ahel  and  Ford,  1Q08).  Rabc,  iqii,  claims  to  have  also  iwiTated 
-..  aj«,a,.,|.,  >,f  muscarin  action. 

SpBptoms  of  Mushroom  Poisoning.— These  must  >'ary  with  the  species.     More  or 
h«^  rtimmon  features  are:  Abdominal  pain,  nausea,  vomiting,  and  violent  diarrhea. 
'■-  pulse;  labored  respiration;  consciousness  unaffected,  or  delirium;  coma  or  con- 
Some  cause  fatly  degeneration  of  the  liver  and  kidneys.     Many  mushrooms 
.ilxlominal  symptoms  simply  by  being  indigestible. 

rreatment,  would  be  by  evacuation,  and  symptomatic.     The  chance  of  poison* 

-  mcwhat  diminished  by  prolonged  boiling,  as  some  of  these  substances  arc 

!i  this  manner,  but  reliance  on  this  would  be  dangerous.     Dr>ing  does  not 

■'..,..,-,.  iM    totirity.     Verrill,  roil,  report  symptoms  of  inebriation  (not  dangerous) 

fruBi  eating  Pana-olus  pMpilionaccns  f  Maine). 

Symptoms  of  Amanita  Phalloides  Poisoning. — These  set  in  after  a  latent  period  of 
neon  hours;  sudden  aMominal  pain,  with  vomiting  and  diarrhea,  containing 
A  mucus;  rapid  loss  of  strength;  cyanosis;  death  in  two  ro  three  da>'9,     Histo- 
ition  shows  extensive  necrosis  and  fatly  degeneration  of  visceral  organs 
Uremia,  from  greatly  impaired  kidney  function,  m.iy  be  responsible 
^jan  01  [he  symptoms  fClark.  Marshall  and  Rowntree,  1015). 
Bdible  Mushrooms. —  The  food  value  of  mushrooms  is  p>opuIarlv  supposed  to  lie 
Urge  percentage  of  assimilable  nitrogen.     This  is  not  borne  out  oy  analyses;  they 
0.1  per  cent,  in  the  fresh  condition,  or  o.^  to  1.5  when  dried;  i.**.,  no  more  than 
and  only  one-tenth  as  much  as  whe^it  bread,  or  one-thirtieth  of  that  in  lean 
\s  the  fiber  of  mushrooms  is  also  quite  indigestible,  their  dietary  value  is  as  ■ 
l&b  rather  than  as  food. 

*  Asarictu  rcnioauft  alto  ow*s  lU  effect  to  muscaria  (Mutu,  ipiS). 
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General  Statements. — Cholin  (trimethyl-oxyethyl-ammonium)'  occurs 
as  a  conslitnent  of  lecithin  probably  in  all  animal  and  vegetable  tissues, 
.although  often  merely  in  traces.  It  is  probably  not  free  in  the  livinir 
'tissues,  in  delectable  quantity,  but  may  be  liberated  by  put  refaction  or 
autolysis,  not  by  pepsin  or  trypsin  (Coriat,  1904).  It  therefore  occurs 
in  orjjan  extracts,  in  many  vegetables  (Schulzc  and  Trier,  1912)  and  in 
certain  drugs  (especially  ergot).  It  may  l>e  liberated  in  intestinal  putre- 
faction and  thus  contribute  to  the  systemic  phenomena  of  constipation; 
but  it  is  readily  destroyed  by  the  intestinal  bacteria  and  is  less  toxic  than 
the  analogous  neurin  and  various  amins  which  arc  also  found  in  puUf* 
faction.     Cholin  is  also  but  slightly  toxic  on  hypodermic  injection. 

The  peripheral  actions  comprise  two  independent  elements:  a  muscarin 
effect  (stimulation  of  parasympathetic  endings,  similar  to  ph\*sostigminl; 
and  a  nicotin  effect  (stimulation  and  paralysis  of  autonomic  ganglia;  curare 
action  on  muscle).  These  two  sets  of  actions  are  produced,  in\*an'ing; 
degree,  by  all  quaternary  ammonium  bases  (Dale,  1914). 

The  most  marked  effects  of  cholin  are  on  the  blood  pressure,  which  it 
usually  lowers,  often  with  a  secondary  rise.  After  atropin,  it  produces  a 
rise  instead  of  fall.  The  fall  is  due  mainly  to  a  powerful  vasodflator 
action,  exerted  directly  on  the  vessels,  but  not  fully  understood. 

Action  on  Blood  Pressure. — Cholin  generally  produces  a  marked  (all  of  blood  ptc»- 
surc  (Mott  and  Halliburton,  1897);  hul  sometimes  there  is  instead  ii  rise  of  presaare.  In 
cats,  the  rise  generally  follows  the  fall  ^Pal,  igii).  The  variable  r^ponse  docs  ool 
depend  upon  impurities  (Renshaw,  UmJerhill  and  Mendel,  1911).  Tne  result  iiift- 
fluenced  by  the  dose,  anesthetic,  and  other  conditions  (AbHcrhaldcn  and  MeuHer,  i^nl- 
The  fall  predominates  if  the  blood  pressure  has  lieen  high  (Henelli,  1914'!;  in  prolrattid 
ether  narcosis,  and  after  some  sorts  of  curare.  It  counteracts  the  eninephrin  ri« 
(Guatretct,  1909).  The  pressor  effect  is  more  prominent  in  light  anesthesia,  or  iitef 
section  of  the  medulla  (Pal,  191 1). 

After  large  doses  of  atropin,  cholrn  gives  only  a  rise;  and  it  also  constricts  the  vcwU 
of  excised  and  perfused  organs,  after  atropin  (Mueller,  igio).  Nicotin  does  not  1^ 
Ukc  atropin  (Hunt  and  Tavcau,  1911). 

Mechanism  of  the  Circulatory  Action. — This  involves  to  a  varying  degree  iJie  «»• 
motor  center,  the  vessels  themselves,  and  the  heart. 

The  work  of  Hunt,  19*8,  indicates  that  the  peripheral  vasodilation  is  the  most  im- 
portant. With  acetyl-cholin.  there  is  an  intense  dilation  of  the  vessels  of  most  orgioSi 
including  the  skin;  relatively  feeble  in  the  splanchnic  area  in  comparison  with  the  nitrite 
fall;  (ioubiful  tn  the  kidneys;  absent  in  the  lungs.     Larger  doses  are  constrictor. 

This  dilator  effect  is  more  powerful  than  that  produced  by  any  other  method.    Hi* 
diminished  or  prevented  by  atropin,  but  synergized  by  physostigmin.     It  does  wA 
Involve  any  of  the  known  vasodilator  paths,  sympathetic  or  parasympathetic,  or 
posterior  roots.     Apparently  it  is  not  connected  with  the  nerves,  and  is  di0ereal  boli, 
from  epincphrin  and  nitrite  dilation,  which  arc  not  antagonized  by  atropin. 

Peripheral  vascular  dilation  by  cholin  was  preWously  described  by  Hando\tk:]r1 
and  Pick,  iqi,^,  and  Hunt,  1915.  Mueller  attributed  the  fall  of  pressure  partly  X^i 
cardiac  stasis,  but  also  to  vasodilation  in  the  extremities,  intestines,  kidneys  and  br»iflrj 
he  attributed  the  atropin  reversal  to  paralysis  of  the  dilator  clemenLs. 

Vasomotor  Center. — Pilcher  and  SoUmann,  1Q15,  showed  that  cholin  product* 
marked  direct  depression  of  the  va.somotor  center,  which  seems  to  play  an  importa* 
part  in  the  fall  of  blood  pressure,  and  which  is  abolished  by  atropin.  However,  otl 
causes  contribute  to  the  fall;  and  when  these  predominate  they  may  overcome  the  vj 
motor  depression,  and  may  even  stimulate  the  center  bv  anemia. 

Heart— V\)\  found  the  effects  on  the  heart  and  vagus  inconstant.     Pattaand  Va 
1Q15.  refer  tiie  main  effect  to  vagus  stimulation,  both  central  and  pcripbcml. 
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vHnsid,  xgz4,  claima  stimulation  of  intracardiac  va^us  and  accelerator,  in  mammals. 

HuDt,  IQ15,  finds  the  heart  generally  slowed — the  slowing  being  sometimes  relieved  by 
vagotomy,  but  not  always.  Lausana.  191.^,  finds  that  it  slowsand  strengthens  the  heart 
of  the  turtle,  white  that  of  the  frog  is  slowed  and  weakened,  and  its  irritability  to  electric 
fttiiDulation  is  diminished. 

Organ  Extracts. — ^Thc  (all  of  blood  pressure  produced  by  the  extracts  of  many  organs 
■nd  of  ner\'c  tissue  may  be  due  partly  to  their  chotin  content;  but  some  characteristic 
dxScrences  have  been  dcscribca  (Osborne  and  Vincent,  1900;  Busquet  and  Pacbon, 

IQXO). 

Cholin  Derivatives.— Hunt  and  Taveau,  1Q06,  1900,  iQU,  Hunt,  191s.  Ewins,  1914, 
and  Dale,  1Q14,  have  investigated  the  relative  toxicity  and  circulatory  ejects  of  a  large 
scries  of  ckolitt  derivatives,  with  very  interesting  results.  For  instance,  the  substitution 
of  OH  in  cholin,  in  almost  any  manner,  generally  increases  its  acli\-ity.  often  very 
greatly  (Dale).  The  introduction  of  the  acetyl  radical  increases  the  depressor  effect 
100,000  times,  the  toxicity  only  three  times  (Hunt).  Ewins,  1Q14,  has  found  acetyl- 
cboUn  in  ergot,  and  considers  it  responsible  for  the  cardiac  inhibition. 

Other  Peripheral  Actions. — The  effects  on  inlestin€  and  other  smooth  muscle  agree 
Tfith  phys.o>tigmin.  The  secretion  of  saiiva  atui  kars  is  increased,  Gastric  secretion 
is  diminisiied.  Paticreaiie  secretion  is  diminished  by  small  doses  through  inhibitory 
TigU5  stimulation;  increased  by  large  doses  through  peripheral  stimulation  (Chtan, 
igif).     The  output  of  uric  acid  is  increased  (.\bl,  lyi.j). 

Chotin  as  "  FnifstltMl  Hormone. " — Cholin  may  be  extracted  from  the  intestinal  walls 
Weiland)  and  may  perhaps  be  essential  to  the  automatic  function  of  Aucrbach's  plexus. 
Italso  renders  the  intestine  sensitive  to  the  inhibitory  action  of  atropin  (Le  Heux,  1930). 
Sterility. —Werner  and  Lichtenbcrg,  1906,  claim  that  cholin  injections,  in  rabbits, 
produce  sterility  or  lessened  fertility,  analogous  to  the  effects  of  X-rays  or  thorium  X. 
^'tmcr  and  .Asher,  191^.  hnd  similar  blo^^d  and  skin  cbaqges. 

Distributioa. — Normal  serum  contains  about  i  part  of  cholin  in  400,000;  about  the 
Anie concentration  exists  In  amniotic  fluid;  somewhat  more  in  the  urine,  and  in  cardiac 
ud skeletal  muscle;  much  less  in  cerebro-spinal  fluid  and  saliva.  The  proportion  in  the 
btood  or  cerebro-spinal  fluid  has  not  been  found  increased  in  any  pathologic  condirion§ 
'.cuniDed  in  man.  It  has  been  reported  increased  by  removal  of  the  suprarcnols,  but 
the  evidence  is  not  decisive  and  does  not  prove  any  causative  connection  (Hunt,  1915). 
Pate. — Cholin  is  largely  destroyed  in  the  body  (v.  Hoesslin.  1906)*  a  part  of  the 
ttcthy!  being  probably  oxidized  to  formic  acid,  the  remainder  to  CO3  and  water.  After 
•nit  idminislration,  only  3  per  cent,  of  the  cholin  can  be  recovered  from  the  tissues; 
■ilh  intravenous,  about  50  per  cent.,  the  greater  proportion  from  the  skin  (Kllingcr. 
i^u'i.  It  disappears  rapidly  from  the  bloi>d  stream  (Hunt,  1915). 
fnctically  none  is  excreted  by  the  urine  after  hjjpodermic  injection  of  large  doses; 
*^"     little  after  intravenous  injection  (CiUggcnheim  and  LoefRcr,  1916). 

jgraphy. — An  extensive  list  is  given  in  Merck's  Report  for  I9i4»  28:53. 
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BETAIN 
is  nearly  inactive  by  mouth;  hypodermically,  it  acts  rfml- 


flrfy  to  cholin.  .It  is  quite  non-toxic  (Vclich,  1914);  even  2.4  Gm.  per  kilogram  by 
*^ nt,  are  harmless.  It  is  excreted  unchanged,  and  is  therefore  not  a  food  (Andrlick, 
^'dich  and  Stanek,  1903).  The  preparation  and  properties  of  its  salts  are  described 
^'Slolxenberg,  1914. 

K.  R.  Williams.  1917,  considers  the  betain  ring  as  probably  essential  to  antincuritic 
fikmin      Betain  itself  is  somewhat  protective,  ulthoujth  not  very  efficient. 

in  Hydrochlorid  dissociates  in  solution,  and  has  been  utilized  us  a  means  of 
iiiaiering  loosely  bound  hydrochloric  acid.     The  dose,  0.5  Gm..  8  gr.,  corresponds 
it  1.1  c.c.  of  Add  Hydrochloric  Dilute. 
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QUATERNARY  AMMONIUM  BASES 

General   Statement. — The    organic    derivatives   of    ammonium 
strikingly  similar  in  their  action.     They  produce  a  curare  effect,  r.ff,j 
paralysis  of  the  nerve  endings  of  striped  muscle  (Brown  and  Fraser.  i86q)j] 
some  also  muscular  tremors  in  frogs;  and  those  possessing  three  or  four' 
methyl  groups  cause  a  muscarin  eflecl,  i,e.,  peripheral  stimulation  of  ihc 
cardiac  vagus;  and  a  nicolin  action,  i.e.,  paralysis  of  sympathetic  ganglia,  j 
The  curare  effect  evidently  depends  on  5-valent  nitrogen;  or  rather,  od  ■ 
the  stereochemic  configuration;  for  the  same  characteristic  is  shown  by  ^ 
the  corresponding  phosphorus,  arsenic  and  antimony  compounds.    The 
various  actions  differ  in  degree  with   the  various  derivatives — i.e..  the 
methyl  and  ethyl  ammoniums—  in  ways  which  are  not  easily  explainable 
by  their  constitution  {Burn  and  Dale,  19x5). 

TETRA-METHYL  AMMONITJM  CHLORID 

This  produces  a  typical  curarL-  effect  in  mammals  and  frogs.  AmmonJuni  con\Til- 
sions  occur  in  mammaU,  but  not  in  frogs,  being  prevented  in  the  latter  by  thr  more 
powerful  curartr  paralysis.  The  drculatian  shows  a  fall  of  blood  pressure,  generally 
with  slowing  of  Uie  heart,  by  peripheral  vagus  stimulation  and  peripheral  vasomolflf 
depression.  The  respiraiion  is  temporarily  paralyzetl  by  intravenous  injection;  io 
decerebrated  animals,  this  is  preceded  by  respiratory  stimulation.  The  parat)Tis  il 
due  to  a  curare  effect  on  the  phrenic  nerves  (Marshall.  1913).  Locvenharl,  1914,  t»' 
ever,  believes  that  the  respiratory  action  is  entirely  centnil;  1.*.,  primary  stimubt 
and  later  depression  of  the  medullar)'  centers. 

TETRA-ETHYL  AMMONIUM  CHLORID 

In  frogs,  this  produces  irregular  muscular  contractions  and  tremors;  first  fibrilUiyi 
then  tonic.  Witn  larger  doses,  these  are  succeeded  bv  paralysis.  Both  actions  «»' 
seated  in  the  muscle-ner\'e  endings.  Mammals  also  sl»ow  increased  excitability  in4 
depression  of  the  endings.  Rabbits  exhibit  dyspnea,  tremors,  convulsions,  and  arrrfl 
of  respiration.  In  distinction  to  tetra-metbyl  ammonium,  there  is  no  direct  icliofi  on 
the  circulation;  the  respiratory  effects  are  also  smaller  (Marshall,  1Q14).  Bum  afi^ 
Dale,  1915,  found  no  curare  or  muscarin  action,  but  a  good  nicotin  effect. 

METHYL-ETHYL  AMMOWTIFM  COMPOUNDS 

The  actions  of  these  are,  on  the  whole,  intermediate;  but  without  definite  fatiti 
the  alkyl  radicals  (Marshall,  1Q15;  Burn  and  Dale,  1915). 


NICOTm 

General  Statement. — Nicolin,  the  chief  alkaloid  of  tobacco,  has  no' 
therapeutic  importance,  but  considerable  scicnlific  and  toxicologic  inter- 
est. Both  the  central  and  peripheral  actions  are  important;  both  consisl_ 
in  short  stimulation,  followed  by  depression  or  paralysis.  CentTally^ 
small  doses  cause  chietly  a  respiratory'  stimulation;  larger  doses  produc 
convulsions  of  the  medullary  ty]>e.  The  action  is  enormously  rapid, 
proaching  hvilrocyanic  acid.  Peripherally,  nicolin  paralyzes  all  au! 
nomic  ganglia,  parasympathetic  as  well  as  sympathetic.  The  paral) 
may  be  preceded  by  stimulation.  The  most  important  effects  are  on 
circulator)'  and  gastro-intestinal  systems.  It  has  also  a  curare  a< 
on  muscle-nerve  endings. 

The  effects  of  tobacco  arc  due  practically  solely  to  its  nicotin.    Limil 
tolerance  to  the  acute  toxic  effects  is  soon  acquired,  after  which  il 
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chiefly  as  a  central  sedative.  Overindulgence  produces  chronic  nicotin 
pQisoning,  with  digestive  disturbances,  functional  arv'tlimias,  optic  changes, 
etc.  The  differences  in  the  various  forms  of  tobacco  habit  are  probably 
Mplainable  by  differences  in  absorption. 

Related  DnigE. — Very  similar  in  their  actions  to  nicotin  are  piturin^  the  alkaloid  of 
Duboisia  Hopwoodii,  which  is  chewed  by  the  natives  of  Australia  as  a  substitute  [or 
tohicco;  and  (ytisin  (Dale  and  Laidlaw,  191 2},  the  alktiloid  of  the  ornamental  Laburnum 
tne  iCytisus  Laburnum).  Cautopkyllum  also  contains  methylcytisin,  with  similar 
Acbons;  besides  volatile  oil,  a  saponin  (Lloyd's Lcontin),  and  caulophyllosaponin  (Power 
«d  Salway,  191 ,0-     Lobclij  is  less  perfectly  related. 

Central  Actions  of  Nicotin.— These  consist  in  stimulation,  followed  by 
depression,  of  the  whole  cerebro-spinal  axis,  from  above  downward.  The 
symptoms  from  large  doses  resemble  those  of  asphyxia  or  hydrocyanic  acid. 

The  stimulation  may  be  entirely  absent,  especially  in  large  doses,  so  that  the  animal 
suy  drop  dead  almost  instantaneously,  without  any  other  symptom.  But  this  is  not 
(oninon. 

The  effects  of  small  doses,  such  as  arc  noticed  in  the  first  attempt  at  smoking,  will 
fat  discussed  later. 

In  mammals,  moderate  doses  act  mainly  on  the  hemispheres,  producing  transitory 
exciicment.  followed  by  lasting  depression,  with  violent  headache.  (In  frogs,  the  action 
onLhc  cerebral  centers  seems  to  be  very  small,  for  the  effects  are  the  same,  whether  the 
baabpheres  arc  intact  or  removed.) 

Medullary  Centers. — The  action  on  these  is  marked  and  violent. 
h$pir<ition  is  at  Brst  increased,  and  then  markedly  depressed;  paraly- 
sis of  the  respiratory  center  being  the  cause  oj  death.  The  vagus  and 
vasomotor  centers  are  also  first  stimulated,  and  then  paralyzed.  The 
Ltion  and  vomiting,  which  are  so  prominent  with  moderate  nicotin 
Sloxication  are  probably  also  due  to  medullary  stimulation  (Eggleston 
and  Haicher,  1915)-  The  emetic  action  is  antagonized  by  airopin 
(Eggleston.  1916). 

SuMin  Apnea. — In  anesthetized  dogs,  nicotin  intravenously  may  produce  pro- 

loajwl  arrest  of  respiration  (dc  Almeida,  ipzo). 

BronekiaJ  Muscle. — This  is  constricted  in  the  surviving  lungs  (Baehr  and  Pick, 

Spinal  Cord. — The  motor  cells  are  strongly  stimulated,  resulting  in  conviiishns^ 
(e  of  feces  and  urine,  etc.     If  the  nicotin  is  applied  to  one  part  of  the  cord,  the  con- 
remain  confined  to  the  muscles  innervated  from  this  area  (difference  from 
in.  which  acts  on  the  sensory  cells).    The  siimulation  is  followed  bv  paralysis. 
nicotin  convulsions  are  not  seated  e.tclusively  in  the  spinal  cord,  but  involve  the 
bnin  and  medulla  as  well.     They  are  much  weakened  by  anesthesia. 
The  cutnneoHj  reflexes  of  frogs  are  depressed.     Partial  tolerance  to  this  action  is 
iircd  by  repeated  administration  (Howat,  IQ16). 

Tht  spinal  ^an^lia  (posterior  roots)  arc  not  affected,  even  when  a  i  per  cent,  solution 
"'(wcotin  is  applied  directly  to  them. 

Location  of  Peripheral  Actions.— The  important  work  of  Langley, 
'^.  on  the  localization  of  nicotin  in  the  autonomic  ganglia  was  men- 
^loiied  on  p.  318. 

'    ■  ir  preganglionic  fibers  have  degenerated  (seven  to  twenty-six  daj*s  after  section 

p,ei,  nicoUn  is  still  active,  so  that  it  must  act  upon  the  ganglion  cells  themselves. 

ciiecU  are  more  complex  in  the  intestines  (p.  330)-     Uogs  arc  relatively  insus- 

to  the  peripheral  actions. 

AnUgonirms. — From  the  situation  of  the  nicotin  actions,  it  follow^  that  they  can 

^removed  by  atropin  or  muscarin.  but  that  the  latter  are  quite  unaffected  by  nicotin. 

^  antagonisms  for  striped  muscle  arc  described  on  p.  524. 

Seqiume  of  Paralysis  of  GangUa  — The  results  of  Langlcy,  1918.  were  discussed  In 

on  autonomic  drui 
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CirciUation. — The  effects  are  shown  in  Fig.  ii,  and  explained  in  Fig.  3i.  They 
complex,  involving  stimulation  and  paralysis  of  the  heart-muscle,  vagus  and  ves! 
centraUy  and  peripherally.    The  total  effects  are  fairly  constant  and  characteristic 

Initial  Effects. — The  heart  is  first  greatly  slowed,  from  central  and  ganglionic  va 
stimulation.  At  the  same  time  the  blood  pressure  begins  to  rise,  from  strong  stim 
tion  of  the  vasomotor  center  (PUcher  and  Sollmann,  1915),  and  ganglia  (Hoskins 
Ransom,  1915);  the  central  and  peripheral  stimulation  playing  about  an  equal  r6le. 

The  blood  pressure  may  be  raised  by  nicotin  (and  anagyrin)  even  in  Uie  absenc 
the  vasomotor  center,  but  not  if  the  suprarenals  are  also  excised  (Gley,  1914).  A  | 
of  the  blood-pressure  rise  seems  therefore  attributable  to  increased  output  of  epineph 

Smoking  of  tobacco  increases  the  coronary  pressure  (Bond,  1911).  In  novices,  tl 
is  generally  a  rise,  then  fall  of  systemic  blood  pressure  (Lee,  1908).  John,  1913,  foi 
in  typical  cases,  after  smoking  eight  to  ten  cigarettes  or  two  medium  d^ars,  that 
diastolic  pressure  rises,  and  often  remains  high  for  two  hours.  The  effect  is  proporti 
ate  to  the  nicotin  content,  and  is  perhaps  due  to  the  nausea.  The  effects  on  tne  pi 
rate  were  variable. 


Pig.  11. — Nicotin  on  Carotid  pressure,  dog.  The  effect  begins  at  X.  The  beats  first  becc 
weaker;  then  very  slow  and  strong  (vagus  stimulation),  with  progressive  rise  of  blood  prcw 
(vasoconstrictor  stimulation).  Suddenly  they  become  very  rapid  and  consequently  smaller.  1 
output  of  the  heart  is  unchanged  and  consequently  the  pressure  remains  high;  but  the  vasoo 
strictOTs  becoming  paralysed,  the  pressure  soon  falls.  Later  the  heart-muscle  also  becomes  wet 
ened,  as  shown  by  the  small  beats. 

W.  G.  Thompson  and  Sheldon,  2917,  investigated  the  acute  effects  of  smoking 
patients  with  high  blood  pressure.  The  response  differed  greatly:  The  maximi 
effects  ranged  from  a  rise  in  systolic  pressure  of  25  mm.  and  in  pulse  pressure  of  22  mi 
to  a  fall  in  systolic  pressure  of  30  mm.  and  in  pulse  pressure  of  34  mm.  Rise,  fall,  and 
effect  were  about  equally  numerous,  and  varied  even  in  the  same  patient.  There  » 
no  difference  between  cigars  and  cigarettes. 

J.  Parkinson,  1917,  studied  the  immediate  circulatory  response  to  the  smoke  01 
or  5  cigarettes  in  normal  subject  and  "soldier's  heart."  All  the  subjects  who"  inhate 
the  smoke  showed  effects,  which  were  generally  greater  in  the  patients  with  circuUU 
instability.  The  response  consisted  in  increased  pulse  rate,  averaging  9  beats  in  t 
patients,  and  slight  nse  of  blood  pressure,  5-10  mm.  systolic,  5  mm.  diastolic.  Respi 
tion  was  unaffected;  but  exertion  easily  rendered  the  subjects  "breathless.'* 

Nicotin  is  the  Essential  Agent  in  Cardiac  Effect  of  Tobacco  Smoke. — This  has  hi 
shown  by  Clerc  and  Pozzi,  1914.  Ringer's  solution  through  which  tobacco  smoke  I 
been  passed  produced  the  typical  nicotin  effects  on  perfusion  through  excised  rabfc 
heart,  i.e.,  temporary  vagus  standstill.  Prolonged  perfusion,  however,  leads  to  pen 
nent  arrest  which  is  not  due  to  the  nicotin,  but  to  collidin  and  other  bases  that  occur 
the  smoke  of  tobacco  or  other  leaves,  for  instance,  oak. 

Carotid  Reflex. — The  reflex  fall  of  pressure  which  ordinarily  results  from  tracti 
of  the  cephalic  end  of  the  carotid  artery  is  abolished  by  nicotin  (Sollmann  and  Broi 
1912). 

Arythmia. — With  larger  experimental  doses,  the  slow  heart  beat  is  replaced  qa 
suddenly  by  great  quickening  tnrough  paralysis  of  the  vagus  ganglia.  The  mcotinii 
heart  may  therefore  be  slowed  by  muscarin,  or  stimulation  of  the  sinus,  but  not 
stimulation  of  the  vagus  trunk.  According  to  Kose,  1905,  the  secondary  accelerat 
also  involves  a  ganglionic  accelerator  stimulation,  which  passes  finally  into  partly 
Electrocardiograms  (dog)  often  show  a  nodal  rhythm  (synchronous  action  oi  aan< 
and  ventricles),  interrupted  by  extrasystoles;  and  other  irregularities  identic^  « 
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of  stimulation  of  the  vagi  and  accelerators,  separately  or  together  (Pozzi  and 

trc.  1913;  Bull,  Clcrc  and  Pozzi.  1914). 

Blood  Pressure  in  Toxic  Stage. — This  may  be  ver>'  high  and  the  central  vasomotor 

luktion  may  persist  into  death  (Pilcher  and  Sollmann.  n)X5),  but  as  the  peripheral 
•motor  mechanism  becomes  more  and  more  depressed,  the  vessels  become  oilalcd 
the  pressure  falh.  The  dilation  can  be  plainly  seen  in  the  intestinal  vessels  or  the 
libtat'&  ear.  The  vasomotor  parahsis  is  rarely  complete,  s*)  that  direct  or  reOex 
stimtilation,  or  a  second  injection  of  nicotin,  again  causes  a  short  constriction. 

When  the  paralysis  of  the  vasomotor  ganglia  is  complete,  it  is  impossible  to  restore 
the  blood  pressure  ijermancnlly  (Langlcy,  191 S).  The  heart-muscle  eventually  wears 
tmt,  mainly  because  of  the  lowered  coronary  pressure. 

Cororuiry  Circulation. — This  is  slowed  by  the  constriction  of  the  coronary  vessels, 
notwithstanding  the  raised  blood  pressure  (Morawiti  and  Zahn,  1914). 

Pulmonary  and  lUpnik  Vcsjc/^.^ These  arc  constricted  (Bcrezin,  IQ14). 

Mow/  Vessels. — When  one  kidney  is  dener\atcd  in  a  normal  animal,  the  urine  on 
ilialiide  is  more  abundant  and  richer  in  chlorid  and  urea.  This  is  attributed  to  the 
wodilation.  When  nicotin  is  injected  fo.7  to  1.5  mg.  per  Kg.),  the  difference  disappears, 
fiact  the  vessels  on  the  sound  side  are  also  paralyzed  by  the  alkaloid.  Ergotoxin, 
atiopin  and  ether  have  a  similar  effect  (A.  C.  KoUs  and  Marshall,  1917). 
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Pig.  I  2. —  Diagram  of  the  actioaa  of  nicotin. 

Ruetion  in  Shofk.—The.  blood  preMure  of  animab  in  peptone  or  anaphylactic 

*^  react*  but  Utile  to  epinephrin,  but  rises  sharplv  under  nicotin  (I4  mg.  per  Kg.). 

rJHe.bowcver.isattributcd  essentially  to  the  increased  respiration  (J.  P.  Simonds, 

r4j.  _ 

Petipkeral  Actions  on  Frogs'   Vessels. — By  perfusion  through  decerebrated  frogs, 

*tin  produces  immediate  vasoconstriction  and  muscular  fibnllation.     These  effecla 

appear  in  a  few  minutes,  during  the  perfusion,  and  can  not  be  restored  by  further 
,.  •On.  Epinephrin  is  still  efiective.  T>Tamin  suppresses  the  nicotin  constriction 
*«ifl8t  completely  fHandovsky  and  Pick,  1913). 

Etciifd  Afammalian  ffrarl. — When  perfused  with  nicotin,  this  shows  typical  vagus 
•fets;  first,  diastolic  standstill;  then  gradually  resumption  and  tinally  acceleration 
*ww  normal,  with  increased  amplitude.  The  primary  standstill  is'abolished  by 
*lttMn.  The  secondary'  acceleration  is  probably  due  to  accelerator  stimulation  (Clerc 
*«iP<aa,  IQ13). 

/r»j  Benft. — The  application  of  nicotin  produces  a  brief  diastolic  standstill  (stimu- 
■Jm  of  varus  gangliaj.  The  heart  then  resumes  its  beat,  and  stimulation  of  the 
Jjwtnmk  becomes  ineffective,  whereas  sinus-stimulation  or  muscarin  slows  or  arrests 
"*lRart.     TTie  nicotin  has  therefore  paralyzed  the  vagus  ganglia. 

Hta  ama  Xieotin  on  Frog  Heart.— The  typical  effects  of  heat  are  opposite  to  those 
>tbi;  nnTrtheJeo,  a  heated  heart  responds  more  readily  to  the  drug  (Zanda, 

loteetmal  Actions. — Nicotin  provokes  violent  contractions,  due  mainly 
to  stiznulatioQ  of  the  Auerbach  cells,  but  also  involving  other  structures. 
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(see  p.   ,530).     These  peripheral  actions  explain   the  diarrhea,  anfl  are^ 
perhaps  also  concerned  in  the  nausea  and  vomiting;  but  these  are  essen- 
tially central. 


-This  is  cantracted  in  most  mammals,  but  relaxed  in  a  few  for 


Excised  Stomach 

(M.  Smith,  iQiS). 

Excised  Ureter. — (i.  B.  Roth,   1017,  found  practically  no  effect 
describes  primary  stimulation  and  secondary  depression. 

Pupils. — These  show  both  contraction  and  dilatation  at  different  times,  nico 
acting  upon  the  ganglia  of  Iwth  the  oculomotor  and  sympathetic  fibers.  There  maf 
even  be  a  direct  action  upon  iht*  iri&  muscle.  The  effect  is  different  in  different  animals; 
ThedoRand  cat  usually  show  dilatutii)n;tht  rabbit  first  constriction  and  then  dilalatioa. 

The  effects  on  the  bronchial  muscles  have  been  described  on  p.  337;  those  on  ihe 
uterus  i.>n  p.  3^5. 

Effects  on  Glands. — Secretion  is  generall)'  stimulated  through  the  ganglia.  This  is 
particularly  prominent  with  the  saliva.  Small  doses,  however,  change  the  respoaic 
to  stimulation  of  the  chorda  nerve,  so  that  this  diminishes  secretion  (Dale  and  LaidU«i 
iQii).     Lacteai  secretion  is  not  increiised  (Ott  and  Scott,  1913). 

Glycosuria. — Nicotin  prevents  the  glycosuria  which  ordinarily  follows  the  injection 
of  caffein  and  cpinephrin;or  on  piqure  (Macleod  and  Dolley,  igo.O.  This  could  be  due 
to  paralysis  of  the  ganglia,  or  to  the  lowered  blood  pressure. 

Epin^phrin  0»ipM/.— This  shows  a  brief  increase,  followed  by  marked  and  endurinj 
decrease,  presumably  by  stimulation  and  paralysis  of  ganglia.  The  epinephrin  »tun 
of  the  gland  is  apparently  unchanged  (Stewart  and  Rogoff,  1919). 

Ccrehro-s pinal  Fluid. — The  pressure  simply  follows  the  circulatory  changes  (Diudi 
and  Halliburton.  igi4). 

Skeletal  Muscles. — In  frogs,  injections  of  nicotin  produce  fibrillafy  twicUnt''- 
These  disappear  after  section  of  the  nerves,  but  are  started  again  by  short  stimula- 
tion of  the  nerve  or  muscle.  They  are  abolished  by  curare;  and  conversely,  nioitifi 
counteracts  the  curare  paralysis.  The  stimulant  effect  must  therefore  be  on  the  mb» 
structures,  namely,  the  nerve-endings. 

Imnicrsinn  in  o.ooi  to  0.01  per  cent,  nicotin  also  causes  twitching  in  normal  trof 
muscle,  but  not  in  weakened  muscle. 

Mammals  also  show  fibrillar  contractions,  hut  these  are  of  central  origin.  Ex«»** 
doses  of  nicolin  do  not  produce  these  central  convulsions;  although  they  do  not  prtv«nl 
strychnin  convulsions  (Ijingley.  191SJ.  This  indicates  that  the  nicotin  convulsioof 
start  from  a  different  center  than  those  of  strychnin.  The  peculiar  muscular  plK- 
nomena  in  fowls  (I-anglcy)  were  discussed  in  the  general  section  on  autonomic  powau 

Tobarto  Smokittii  on  Ergo^raphit  Kcspomr.  -This  produces  a  periorticily  m  ll* 
contractions,  apparently  due  to  central  fatigue  and  depression  (Rapnael.  1920). 

Curare  Action. — Nicotin  also  has  u  curare-like  effect,  which  becomes  pronlwBt 
later.  In  the  milder  stages  this  is  shown  by  an  equally  strong,  or  stronger,  cnrWl 
being  required  to  obtain  contraction  when  the  stimulus  is  applied  to  the  nerve  than*!** 
it  is  placed  on  the  muscle.  In  the  normal  preparation  the  op[x>&ite  is  the  case,  Tbi 
excitability  and  irntabilily  of  the  muscle  cells  is  also  diminished  by  nicotin  od  dittrt 
application. 

Local  Actions. — Free  nicotin  is  caustic  by  its  alkalinity.  Strong  solu- 
tions paralyze  the  nerve  fibers. 

Invertebrates.^ln  the  yquid  (Loligo)  nicotin  acts  on  the  cerebral,  and  not  ontlN 
stellar  ganglion  (  A.  R.  Moore,  1919).  In  star-jish  (Asterias)  it  produces  ventral  fleMn;( 
whereas  strychnin  produces  dorsal  Oexure.  ^Vhen  both  drugs  are  used,  the  itrychnil 
effect  predominates  (Moore,  19.10^ 

Insecticide. — Nicotin  is  one  of  the  most  efficient  insecticides  (McClintock,  Hamiltol 
and  Lowe.  igu).  However  it  is  applied,  it  kills  the  insects  by  paralysis,  a^H'ending  alool 
the  ventral  nerve  cord,  from  the  abdomen  to  the  brain.  It  produces  structural  cLangri 
in  the  nerve  cells,  analogous  to  those  of  oxygen  deprivation  (Mclndoo,  igift). 

Antiseptic  Action.— Tobacco  juice  and  smoke  are  distinctly  antiscptiCy  and  FitUa 
ion,  igw,  claims  that  they  tend  to  pirservc  the  teeth. 


Fate. — Nicioin  is  absorbed  extremely  rapidly  from  mucous  membran 
especially  from  the  lungs;  more  slowly  from  h\'potlcrmic  inject! 
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^d  from  the  inlacl  skin.     It  is  excreted  only  in  small  part,  mainly  by 
^e  kidneys,  but  also  by  the  lungs  and  sweat. 

DUoQ  and  Let.  iqij,  confirm  the  older  statement  thai  it  is  p&rtly  destroyed  in 
ti>e  liver,  and  claim  that  this  destruction  is  increased  by  habituation;  but  Clark,  igi2, 
^ound  no  destruction  by  frog's  liver. 

ACUTE  NICOTIN  OR  TOBACCO  POISONING 

Etiology. — Serious  poisoning  is  usually  the  result  of  attempts,  especially 
by  the  laity,  to  use  tobacco  as  a  medicine;  and  of  the  swallowing  of  the 
concentrated  nicotin  solutions  used  as  plant-sprays  (Feil,  1916;  McNally. 
1920). 

The  application  of  tobacco  to  wounds  or  bruises  is  not  without  danger.  E.  G,  Gar- 
vin. 1Q13.  has  reported  the  death  of  a  girl  of  six  and  one-half  years,  forty-five  minutes 
ikfter  the  administration  of  less  than  1.5  Gm.  of  tol>acco  by  enema,  against  pinworms. 
In  other  cases,  the  timr  ofdcalH  has  varied  from  three  minutes  to  seven  hours.  Prompt 
death  has  also  occurred  from  swallowing  nicotin  plant  spray  (Feil,   iqi6). 

Toxicity. — Nicotin  is  one  of  the  most  fatal  and  rapid  of  poisons;  the  vapor  arising 
Irom  a  glas»  rod  moistened  with  it  and  brought  near  the  beak,  of  a  tiinaU  bird  causes  it 
to  drop  dead  at  once,  and  2  drops  placed  on  the  gums  of  a  dog  may  give  a  similar  result. 
The  fatal  dose  for  a  man  is  about  60  mg.;  of  tobacco,  about  2  Gm.  It  acts  with  a  swift- 
ness equaled  only  by  hydrocyanic  acid.  In  view  of  the  high  nicotin  content  of  to- 
bacco (one  cigar  contains  a  quantity  of  nicotin  which  would  prove  fatal  to  two  persons, 
y  directly  injected  into  the  circulation),  also  because  of  its  popular  distribution,  it 
appears  astonishing  that  fatal  nicotin  poisoning  is  not  more  common;  but  just  this 
wide  distribution  and  knowledge  of  the  drug  form  the  safeguard,  as  also  the  marked 
Uste. 

Symptoms. — In  lighter  cases,  such  as  commonly  occur  in  smoking,  the 
peripheral  and  nauseam  actions  predominate.  There  is  first  an  increased 
flow  of  saliva,  partly  reflcxly  through  the  mechanical  irritation  of  smoke, 
but  mainly  by  direct  stimulation  of  the  glanglia  through  the  nicotin. 
Nausea,  vomiting,  and  diarrhea  soon  appear.  There  is  a  sensation  of 
oncoming  sweat,  which  does  not  actually  break  out.  A  feeling  of  exhaus- 
^on  appears  very  early — partly  as  the  result  of  nausea,  partly  as  the  first 
widication  of  central  collapse  action.     Palpitation  is  also  noted. 

Severe  cases  show  immediate  faintness,  prostration  and  muscular  weak- 
less,  severe  nausea,  vomiting  and  diarrhea;  followed  quickly  by  convul- 
sions and  collapse  (Garvin). 

The  effects  of  poisoning  with  pure  nicotin,  which  have  been  very  carcfuUy  studied 
*»pcriincn tally  on  man,  bear  the  greatest  resemblance  to  the  above.  After  i  to  4  m^. 
iliere  were  burning  in  the  mouth,  a  scratching  ?ensalion  in  the  phar>'nx,  increased  sali- 
^ition,  a  sensation  of  heal  spreading  from  the  region  of  the  stomach  over  the  whole 
''"^y;  excitement  with  headache  now  appeared,  then  vertigo,  confusion,  disturbed 
^'i^ion  and  hearing,  photophobia,  dryness  m  mouth,  cold  extremities,  nausea,  vomiting, 
M  diarrhea.  Respiration  quickened,  but  difficult.  Pulse  at  fir^t  increased,  then 
^^'^lar.  .\fter  forty-five  minutes  there  was  sjmcope,  with  clonic  spasms.  Recovery 
*^*»rred.  but  general  depression  persisted  for  three  da>-s. 

The  treatment,  aside  from  the  chemic,  consists  of  coffee  and  other 
simulants  and  in  meeting  the  symptoms.  Emetics  will  usually  not  be 
Becessary. 

.The  postmortem  appearances  arc  not  characteristic,  although  large  doses  cause,  in 
Animals,  anemia  of  the  meninges  and  peculiar  anatomic  changes  in  the  cortical  nerve- 
*^v'*  When  taken  by  the  mouth,  there  may  be  gastric  and  intestinal  hyperemia,  since 
"j^^tin  is  sufficiently  alkaline  to  be  somewhat  caustic.  The  odor  nmy  furnish  a  vnlu- 
*"«  indicalion. 
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The  proof  of  the  poison  after  its  separation  may  be  had  by  its  odor  and  by  obtaining 
its  physiologic  actions  on  frogs.  The  muscular  tremors  and  the  position  which  a  fro^ 
assumes  after  nicotin  (Van  Praag,  1885)  are  Mghly  characteristic  (Hg.  13).  A  contr<»l 
animal  should,  of  course,  be  used. 

The  chemic  tests  are  of  no  practical  importance,  since  very  similar  reactions  ar^^ 
^ven  by  coniin  and  by  a  ptomam. 

Nicotin  is  very  resistant  to  putr^action,  and  has  been  Isolated  from  the  dca>mpose^^ 
bodies  of  animals  three  months  after  death. 


Pic.  13.— -Nicotin.    Successive  positions  of  frog  poisoned  with  25  mg.  nicotin.' 
HABITUAL  USE  OP  TOBACCO 

The  question  of  the  efiPects  of  smoking  has  been  largely  discussed  with 
rather  unscientific  emphasis,  some  contending  that  it  is  entirely  hann- 
less  when  moderately  used;  whereas,  on  the  other  hand,  an  enthusiastic 
French  writer  has  gone  so  far  as  to  attribute  the  defeat  o£  his  nation  i» 
the  war  of  1870  to  the  prevalence  of  cigarette  smoking.  Of  the  two 
views,  the  former  would  seem  to  come  nearest  the  truth  if  the  stress  is  lai<^ 
upon  the  word  "moderate." 

Since,  next  to  caffein,  nicotin  is  the  alkaloid  most  widely  used,  an  to" 
partial  discussion  of  this  question  is  important. 

Composition  of  Tobacco  Smoke. — The  effects  of  the  smoke  are  di*« 
practically  entirely  to  the  nicotin  contained  in  it.  There  are  other  toxi^ 
constituents,  but  their  quantity  is  too  small  to  be  practically  important- 
This  has  been  proved  both  by  chemical  considerations  and  by  anim** 
experiments  (Lee,  1908;  K.  B.  Lehmann;  van  Leeuwen,  1918). 

Nicotin  exists  in  tobacco  mainly  in  the  form  of  salts  of  organic  acids  (Gamer,  1908^  ' 
By  the  heat  of  smoking,  these  are  largely  dissociated,  a  part  of  the  nicotin  being  CHinic^' 
and  a  part  passing  into  the  smoke  as  free  nicotin  (Lehmann,  X909).  The  drier  tli^ 
tobacco  and  the  greater  the  heat,  the  less  nicotin  will  escape  destruction.  Moi»* 
tobacco,  especially  cigars,  therefore,  produce  severer  effects.  This  is  more  impottlD^ 
than  the  nicotin  content  of  the  original  tobacco  (Lee,  1908).  In  experiments,  betwcdt 
15  and  90  per  cent,  of  the  nicotin  present  in  the  tobacco  are  recovered  from  the  smt^v 
but  a  greater  part  of  this  is  exhaled  or  expectorated;  in  natural  (intermittent)  smoking^ 
the  aspirated  smoke  contains  only  a  sixth  of  the  nicotin.  About  i  to  1.4  mg.  of  nicotin 
would  actually  be  absorbed  from  a  cigar  (Lehmann,  1907).  In  cigareUe  smokintf  where 
inhalation  is  commonly  practised,  the  percentage  absorbed  would  be  relatively  bi^ 
thus  accounting  for  its  reputed  deleterious  effects.     The  average  nicotin  content  of 
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QRiLtettcs  (1.69  per  cent.)  is  rather  lower  than  that  of  other  forms  of  tobacco  (leaf,  .^.04, 

cigais,  1.53;  chewing,  1.14);  nor  is  there  anything  in  the  popular  notion  that  cigarettes 

contain  opium  or  other  added  narcotics  (Thurston,  1915). 

The  smoke  of  a  cigarette,  with  intcmiitteni  smoking,  contains  6  to  8  rag.  of  mcotin 

(Ashcrson,  191Q);  but  only  a  fraction  of  this  would  be  absorbed. 

AH  the  preceding  data  are  based  on  chemical  methods,  which  do  not  actually  identify 
ihe  nicotin.  This  may  be  done  quantitatively  by  the  blood-pressure  rise  produced  by 
iotution  of  the  smoke.  By  this  means,  and  with  intermittent  smoking,  cigarsmokc 
contains  160  to  4^5  mg.  of  nicotin  per  100  grams  of  cigar  consumed.  "Light  "  and 
>ea.y>"  cigars  do  not  show  constant  clifferences.  So-called  *'nicotin-free''  cigars  jneld 
ust  as  much  nicotin  in  the  smoke  as  ordinary  tobacco  (van  Leeuwen,  loiS). 

Other  Toxic  Constituents. — These  are  formed  by  combustion,  and  vary  greatly 
.ccording  to  conditions.  As  an  illustration.  Lcc  found  in  the  smoke  of  100  Gm.  of 
obacco,  Desides  1.165  Om.  of  nicotin,  the  following:  Pyridin  bases,  0.146  Gra.,  chiefly 
tyridin  and  collidin;  hydrocyanic  acid,  0.08  Gm.;  ammonia,  o..0  Gm.;  CO,  41c  c.c. 
Hie  pyriAin  basts  act  somewhat  similarly  to  nicotin,  but  with  important  difFerrnccs  (Lee) 
pyridin  is  a  strong  local  irritant  with  low  to.\icity;  a  10  per  cent,  solution  has  been  used 
>y  atomizer  in  asthma  and  fetid  bronchitis.  It  produces  first  dyspneic  then  shallow 
respiration.  Brunton  and  Tunnicliffe  (J.  Physiol.,  17  :  292)  refer  the  effect«(  mainly  to 
iensory  paralysis.  Large  doses  arrest  the  heart.  Smaller  amounts  stimulate  the  bone- 
lurrow  to  increased  production  of  blood-platelets  (R.  L.  Lee  and  Minol,  1917). 

The  hydrocyanic  acid  in  the  smoke  of  a  cigar  amnunt!«  only  to  0.002  to  0.5  mg.,  and 
^ould  have  no  significance  (Lehmann  and  Gundermann.  IQ12).  If  a  large  number  of 
persons  smoke  in  a  cnnt'mcd  atmosphere,  the  (arhtm  numoxid  in  the  air  of  the  room  may 
rise  to  a  dangerous  degree.  The  aromatic  essential  oils,  which  give  the  flavor  to  tobacco, 
»re  practically  inactive. 

Arsenic  is  sometimes  present  in  harmful  quantities  when  Paris  green  ba«  been  used 
on  the  plant  as  an  insecticide. 

Tolerance  and  Habituation.— The  quantitative  eflfects  of  nicotin  vary 
^considerably  in  different  persons.  Similar  variations  are  observable  in 
a.nimals.  Youn^  individuals  are  more  susceptible  than  adults.  Con- 
siderable tolerance  is  acquired  by  continued  use,  so  that  moderate  doses 
lose  all  the  usual  unpleasant  acute  effects.  The  rapidity  and  complele- 
5*«ss  of  the  habituation  also  varies  with  individuals;  dependent  partly  on 
Individual  susceptibility;  partly  on  the  manner  in  which  the  drug  is  used, 
^bether  the  smoke  is  inhaled,  the  saliva  expectorated,  etc.  The  tolerance 
*s  never  absolute;  it  seems  to  be  higher  against  sublethal  than  against 
lethal  doses. 

Habituation  in  AniniAlB. — These  acquire  only  a  limited  tolerance  (Hatcher,  1904; 

^dmunds.  iqoq;  Adlor  and  Henscl.  1905.  could  not  produce  any  tolerance).  Hatcher 
^nnwcd  that  the  scrum  of  Imbituatcd  nnimals  docs  not  protect  others  against  intoxica- 
tion. Dixon  and  Lee,  igi2.  claim  that  the  liver  of  habituated  animals  destroys  nicotin 
Somewhat  more  rnpidly.  Kdmunds,  1Q16,  failed  to  confirm  this.  At  br&l.  since  the 
***:struction  is  slow,  it  would  protect  only  when  small  doses  are  introduced  (gradually. 

Effects  of  Moderate  Use  of  Tobacco. — >\Tien  the  tolerance  has  been 
Squired,  the  continued  use  of  tobacco  within  a  certain  individual  limit 
produces  no  unpleasant  symptoms;  but  if  the  limit  he  at  any  lime  suffi- 
ciently exceeded,  the  symptoms  of  chronic  poisoning,  presently  to  be 
^^usscd,  arise.  After  a  long  time,  some  twenty  years,  these  symp- 
^ms  mav  also,  but  rarelv,  occur  in  those  who  have  alwavs  kept  within 
^tends.  ' 

^BWith  habituated  individuals,  the  use  of  tobacco  by  smoking,  chewing, 
^Psnuffing  brings  with  it  a  certain  pleasant  sensation,  which  is  somewhat 
|lifficult  to  define.  There  appears  to  be  a  certain  repose,  which,  while 
it  neither  directly  aids  nor  hinders  the  psychic  processes,  leaves  the  mind 
free,  and  in  general  raises  the  user's  enjoyment  of  other  pleasures,  or 
icisens  his  annoyance  at  the  opposite. 
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The  experience  of  military  campuigns  appcurs  to  show  that  the  use  of  tobacco  etinl 
soldiers  to  endure  greater  hardship  and  hunger.     With  the  ergograph,  Palm^n.   igrl 
found  that  cigarette  smoke  at  first  inorcused  the  muscular  vark,  but  that  fatigue  set 
in  sooner,  and  the  total  efficiency  was  decreased.     Nice,  1Q12.  found  that  the  muscul 
activity  of  mice  in  a  revolving  cage  was  not  diminished  by  fairly  high  and  long- 
tinued  doses  of  nicotin. 

C.  S.  Berry,  1917,  reports  that  smoking  enabled  his  subjects  to  do  more  rapid 
correct  arithmetic  addition. 

The  blood  pressure  during  smoking  rises  slightly  and  slowly  in  in< 
crate  smokers;  in  inexperienced  smokers,  it  shows  a  sharp  rise  at  first, 
considerable  fall  when  collapse  sets  in  (Lee). 

Nicolai  and  Staehelin,  19x0,  found  that  in  tobacco  users  the  heart  rate  aver 
somewhat  higher,  e&pecially  m  work;  no  definite  changes  could  be  made  out  in  the  sys- 
tolic and  diastolic  otood  pressure  or  electrocardiograms.    Aliprandi  and   FornaroU 
(iQos)  claim  that  tobacco  chewing  causes  distinct  constriction  of  the  cerebral  v 

Factors  of  Psychic  Effects.— How  much  of  the  psychic  effects  is  due  to  nicotin, 
much  to  other  factors,  we  can  not  saj'.     It  is  certain  thai  the  nicotin  strength 
tobacco  is  not  the  determining  feature  of  this  action — rather  the  aroma.     Smoking  in 
the  dark  does  not  give  as  much  enjoyment;  and  simply  holding  an  unlighted  cigar  in 
mouth,  the  chewing  of  other  objects,  etc.,  give  similar,  though  much  weaker,  scnsati 
The  truth  would  seem  to  be  that  it  depends  upon  a  reflex  stimulation,  from  the  mu 
membrane  of  the  mouth,  nose,  etc.,  in  whicn  the  nicotin  pla>*s  a  part;  and  with  1 
may  be  associated  a  direct  action  of  the  nicotin  upon  the  central  nervous  sj'stem, 
once  stimulating  and  depressing. 

Chronic  Intoxication. — The  phenomena  resulting  from  the  exccssi 
use  of  tobacco  take  many  forms;  especially  local  irritation  of  the  respif 
tory   tract;   digestive   and   nutritional   disturbances;    functional   cardi 
arythmias;  depression  .of  various  parts  of  the  central  nervous  syste 
neuralgias;  more  rarely  impairment  of  vision. 

Local  Effects. — The  nicotin  and  other  basic  constituents  of  tiie  sm< 
act  as  fairly  strong  irritants,  as  shown  by  the  biting  sensation  on  1 
tongue,  noted  especially  when  the  smoke  is  concentrated  on  one  poi 
as  in  pipe  smoking.  This  constant  local  irritation  seems  to  favor  I 
development  of  epithelioma  of  the  lip  and  longue,  if  the  quantity  consu 
is  very  large  or  the  smoker  specially  disposed.  There  is  also  a  more  genet 
irritation  of  the  mucous  membrane  of  the  mouth,  throat,  and  pharyq 
leading  to  catarrh  and  hoarseness. 

Circulatory  Disturbances. — The  first  warning  symptoms  are  occasioi 
palpitation,  quickened  heart  rate  and  arythmia.     These  become  persisle 
if  the  nicotin  is  continued,  but  disappear  on  withdrawal.     In  advanc 
cases,  the  abstinence  must  be  continued  for  months.     The  arythmia 
purely  functional,  due  to  extrasysloles  (premature  beats  with  long  pause 
pointing  to  increased  irritability  of  the  cardiac  structures.     Tt  is  sim 
to  that  of  caffein.  hysteria  and  neurasthenia.     In  graver  cases,  the  car 
irregularity  may  become  extreme  and  lead  to  sudden  fainting  {syncope 
Respiratory  distress  naturally  accompanies  the  marked  cardiac  phenomeoiL 
Angina  pectoris  is  so  rare  in  these  subjects  that  it  must  be  attributed 
causes  other  than  the  nicotin.     On  the  other  hand,  arteriosclerosis 
to  be  favored  by  it,  although  there  is  no  conclusive  evidence  of  a  ca 
connection. 

The  extrasystoles  are  usually  auricular.  Auricular  fibrillation  and  "flutter," 
sino-auricular  block  have  also  been  encountered  (Neuhof,  iqi6).  The  blodc 
appeared  within  three  days  after  stopping  the  tobacco. 

In  rabbits,  chronic  nicotin  poisoning  produces,  anatomic  arterial  and  cardiac  chanj 
similar  to  those  of  cpinephnn  (Adler  and  Hcnsct,   1905;  Baylac,  1906;  Otto,  iqi 


NICOTIN    GROUP 


377 


Adkr,  1914).  These  results  can  be  only  cautiously  transferred  to  man.  Pawinski, 
iQM,  dums  that  43  per  cent,  of  1,000  cases  of  coronary  sclerosis  had  histories  of  ira- 
toodcnte  smoking;  and  rhat  mcolin  produces  marked  changes  in  the  coronary  \'es5els 
ind  beart'rouscJe  in  animals.  Lissaucr,  1914}  also  describes  histologic  changes  in  the 
canJiac  and  other  ganglion  cells. 

Digestive  and  Nutritional  Disturbances. — The  symptoms  next  in  order 
are  probably  those  arising  from  the  alimentary  canul^  and  depending  upon 
the  continued  irritant  action  of  the  nicotin.  These  are:  Loss  of  appetite, 
then  dyspepsia  and  chronic  intestinal  catarrh,  shown  by  alternating  con- 
stipation and  diarrhea.  (With  moderate  smoking  the  nicotin  seems  rather 
to  have  a  tendency  to  keep  the  bowels  regular.)  These  conditions  lead 
to  emaciation  and  anemia. 

StDoking  inhibits  the  hunger  contraction  of  the  stomach*  the  effect  being  proportional 
10  tbe  local  stimulation  of  the  mouth,  etc.  (Carlson  and  Lewis,  1914).  The  digestive 
awvcineots  of  the  stomach  arc  presumably  not  arrested.  A  direct  action  upon  the 
blood  may  also  have  a  part  in  the  anemia:  tbe  continued  administration  of  nicotin  to 
animals  leading  to  diminution  of  red  corpu^Ics,  and  increase  of  leucocytes.  It  is  also 
dtimcd  that  it  diminishes  the  oxygenating  power  of  hemoglobin.  The  nitrogen  excre- 
tion is  rather  more  diminished  than  the  assimilation,  so  that  there  may  be  a  gain  in 
twdy-nitrogen.     Transitory  albuminuria  may  occur. 

Nervous  Disturbances. — These  are  rarely  serious.  The  psychic  func- 
tioiu  show  slowness  and  want  of  energy.  Anxiousness  and  insomnia  are 
quite  frequent.  There  is  general  muscular  debility,  tremors,  and  want 
of  control  over  movements. 

The  reflexK  are  heightened.  Vertigo  and  a  tabetic  condition  may  set  in.  There  is 
tltcaui  increase  of  excitability  in  the  sensory  and  pain  areas,  and  consequently  head- 
ube  and  neuralgias;  but  the  latter  arc  in  part  due  to  referred  pain  from  the  cardiac 
(Cilurbances.  They  are  often  early  and  quue  characteristic,  and  take  the  form  of  pain 
»ad  hyprrrsthfiiiu  in  the  precordial  region,  left  nipple  und  ulnar  surface  of  left  arm. 

Ificotin  Blindness. — This  is  relatively  rare.  It  seems  to  he  favored  hy  alcoholism. 
The  sight  gradually  becomes  dim,  with  central  scotoma,  impaired  accommodation,  and 
ih«i  miosis.  It  is  always  bilateral.  The  anatomic  dianges  consist  in  rctnjbulbar 
optic  neuritis,  with  subsequent  atrophy.  Until  dcgenernlion  has  set  in,  a  complete 
OUT  can  usually  be  effected  by  abstainfng  from  nicotin;  later,  this  will  only  arrest  the 
(unber  projcrcss  Me  Schwcinitz,  i8q6). 

Other  Toxic  Amblyopias.— ^  Many  poisons  may  produce  blindness.  tempomr\'  or 
penDuient,  in  susceptible  individuals,  especially  on  continued  administration.  This 
8K  been  recorded  for  stramonium,  cannabis,  chloroform,  opiates,  carbon  disulphid, 
'fxnic.  lead,  iodoform,  aspidium,  quinin,  salicyl,  methyl  alcohol,  etc.  For  most  of 
'^  the  chances  are  iinalogous  to  tnosc  of  nicotin.  With  methyl  alcohol,  quinin  and 
■lic>'li  the  rcLinal  panfilion  cells  arc  also  involved.  The  metals  and  aspioium  may 
pniduce  primary  optic  atrophy  without  preceding  neuritis  (dc  Schwcinitz,  i8g6  and 

I9M). 

Of  otiter  effects  which  have  been  aUributrd  to  nicotin,  but  with  insufficient  cause, 
^y  be  mcndoned:  impotence,  epilepsy,  and  insanity  (G.  W.  Jacoby,  1898;  Naecke, 

tQOOt 

Treatment. — It  will  be  seen  that  the  catalogue  of  injurious  actions  to 
bt  charged  against  the  abuse  of  this  drug  is  sufficiently  large;  but  on  the 
"ihcr  hand,  it  must  be  noted  that  these  arc  absent  with  moderate  use,  and 
cm  he  abolished  if  the  use  of  the  drug  is  promptly  limited  on  their  first 
ij^^arance.     Actual  withdrawal  is  not  always  necessary.     Limitation  in 
Quantity,  sufficient  expectoration,  and  the  avoidancR  of  deep  inhalation 
ot  the  smoke  are  often  sufficient.     Quick  total  withdrawal  does  not  lead 
to  abstinence  symptoms,  as  with  morphin  (except  possibly  in  some  espe- 
cially neurotic  subjects),  although  it  may  disturb  the  function  of  the  bowels 
/or  a  few  days.     The  principal  point  in  the  treatment  is  to  keep  the  thought 
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of  the  patient  off  the  topic  of  tobacco,  and  to  supply  the  accustomed 
stimulus  to  the  mouth  in  some  other  manner,  as  by  chewing  ginger  or 
gentian. 

The  use  of  tobacco  must,  of  course,  be  avoided  in  pathologic  conditions 
in  which  there  are  special  contraindications  to  it — in  heart  disease,  djrspep- 
sia,  inflammation  of  the  respiratory  tract,  etc. 

PREPARATIONS — NICOTIN 

Tabacum  (Tobacco). — "The  commercial  dried  leaves  of  Nicotiana  Tabocum, 
Linne  (N.O.  Solanaceae),"  an  annual  plant,  probably  indigenous  in  tropical  America, 
and  now  cultivated  in  most  parts  of  the  worid.  The  annual  production  of  the  world  is 
estimated  at  1,000,000  tons  (1,000,000,000  kg.)-  Other  species  also  contain  the  nicotin. 
The  plant  was  introduced  into  Europe  shortly  after  the  discovery  of  America.  Its  use 
by  smoking  was  practised  by  the  natives  at  the  time  of  Columbus. 

The  important  constituents  are  nicotin,  which  is  also  present  to  a  less  extent  in  all 
other  parts  of  the  plant,  and  a  volatile  oil  developed  in  drying  and  "sweating."  The 
percentage  of  nicotin  varies  between  i  and  8  per  cent.:  In  Havana  and  Maryland,  1.5 
to  3;  Virginia  and  Kentucky,  6  to  8;  South  American,  2  to  6;  German,  x.5  to  3.  A  num- 
ber of  other  alkaloids  have  also  been  announced  to  exist  in  small  amount  in  tobacco 
(Pictet  and  Rotschy,  igoi). 

The  dried  leaves  were  formerly  official,  but  are  now  obsolete  in  medicine;  if  used,  an 
infusion  may  be  made.    The  dose  was  given  as  0.5  Gm. 

Nicotin,  CioHi4N»,  is  a  fluid,  volatile,  oxygen-free  alkaloid,  of  strongly  basic  charac- 
ters. It  forms  salts,  most  of  which  are  soluble.  It  is  colorless  and  almost  odorless  when 
freshly  prepared;  but  it  partly  decomposes  on  keeping,  acquiring  a  characteristic  odor 
and  a  brown  color.    The  dose  would  be  to  o.ooi  Gm. 


LOBELIA 

The  herb  Lobelia  inflata  was  used  by  the  American  Indians  as  a  substitute  for 
tobacco.  It  was  introduced  into  medicine  by  Samuel  Thompson  about  the  beginnins 
of  the  nineteenth  century  as  the  main  basis  of  his  peculiar  system  of  treatment.  The 
chief  constituent  is  the  alkaloid  Lobelin  vnth  actions  resembling  nicotin  (Edmund&v 
1904). 

Actions. — Small  doses  lower  the  COj  threshold  of  respiration  (Wieland,  1913).  hu^ 
doses  paralyze  the  respiratory  center  and  cardiac  muscle  (Muto  and  Iwalcawa,  19x0/  - 
Relatively  small  doses  paralyze  the  bronchial  muscles  (Dresser,  1889),  which  may 
explain  its  use  in  asthma. 

C«rctt/a/wn. ^Lobelin  raises  the  blood-pressure  like  nicotin  (van  Leeuwen,  1917)- 
Excised  Intestines. — The  effects  have  been  studied  by  Ikeda,  1916. 
Nausea  and  Ernests. — These  are  central  (Eggl^ton  and  Hatcher,  1915). 
Poisoning. — The  symptoms  are  of  ten  alarming  but  rarely  dangerous,  because  eme^d 
occurs  nearly  always.     Many  of  the  specimens  of  the  dried  drug  arc  almost  inactive- 
Poisoning  is  treated  by  gastric  lavage  and  stimulants. 
Uses. — Lobelia  is  used  in  respiratory  affections,   especially  in  ^)asmodic  asthns** 

rsmodic  croup,  spasmodic  bronchitis.    It  is  a  nauseant  expectorant,  but  denog^ 
^Bstion.     As  emetic  it  is  effective,  but  not  sufficiently  safe. 
Altogether,  lobelia  is  an  unreliable,  depressant  and  dangerous  drug. 

PREPARATIONS— LOBELIA 

Lobelia,  U.S.P.,  B.P.  (Indian  Tobacco). — The  dried  leaves  and  flowering  tops  of 
Lobelia  inflata.    Dose,  0.15  Gm.,  aj-'z  gr.,  U.S. P. 

Fldexi.  Lobel.,  U.S. P. —/>««,  0.15  c.c,  2J4  minims,  U.S.P. 

Tr.  Label.,  U.S.P. — 10  per  cent.  Dosey  i  c.c,  15  minims,  U.S.P.  Maximum  doM, 
2  c.c,  30  minims. 

Tr.  Lobel.  Aelh.,  B.P. — 30  per  cent,  in  Spir.  Aeth.  Dose,  0.3  to  i.c.c,  s  to  15 
minims,  B.P. 
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CONIXJM 

Conium  or  "Watcr-Hcmlock,"  an  U  m belli  ft  rous  herb,  contains  a  number  o(  .ilka- 
lodds.  of  which  coniin  is  the  most  important.  This  is  a  simple  derivative  of  PijKTJdin, 
and  vras  the  tirst  alkaloid  synthetized.  Children  arc  sometimes  poisoned  by  eating  the 
root.  The  juice  is  believed  to  have  been  the  poison  administered  to  Socrates.  It  was 
iotroduced  into  medidne  by  Stoerck,  1770,  but  is  now  practically  obsolete.  It  was 
formetly  used  us  a  sedative  and  antispasmodic  in  chorea,  mania.  con\'ulsions,  whooping 
cougb  and  asthma;  and  locally  in  hemorrhoids  and  other  anal  lesions.  Its  peripheral 
actions  are  similar  to  those  of  nicntin.  but  it  produces  more  pronounced  paral>-sis 
of  the  central  nervous  system  and  of  the  skeletal  mustle-ner%T  endings.  Poisoning  is 
treated  by  tannin,  evacuation  and  stimulants.  A  bibliography  is  given  in  Cushny's 
**  Pharmacology.'* 

its  actions  od  the  excised  intestines  axe  also  similar  to  nicotin  (Ikeda,  igx6). 


LUPINES 


The5£  have  some  Importance  as  poisons  of  grazing  stock. 
alkiloids,  one  of  which  appears  to  be  related  to  coniin  (C.  D. 
M&r«h,  1916;  Sollmaun). 


They  contain  bitter 
Marsh,  Clawson  and 


LATHYRISM 


The  eating  of  the  peas  of  Lathyrus  produces  in  man  paralysis  of  the  legs,  which 
"Hiy  be  permanent  if  the  consumption  is  continued  (!>tockman,  1917).  The  pea  con- 
tains small  quantities  of  two  active  alkaloids  with  identical  central  ejects:  motor 
p&nd)^,  apparently  cerebral;  increase,  then  decrease  of  spinal  reflexes.  Both  weaken 
^  heart.     One  also  produces  a  curaroid  effect  on  skeletal  muscle  endings  (Dilling, 


GELSEMIUM 


This,  the  root  of  Yellow  Jasmine,  acts  similarly  to  nicotin  and  coniin.     Its  central 

"^f^prrsKint  action  is  relatively  more  marked  (Cushny,  1892).     It  contains  a  crystalline 

•'..  Gtlsemin,   with  weak   strychnin  action;  and  several   amorphous  alkaloids, 

"/«  aod  Gehrmoidin  (C.  W.  Moore,  icjio;  Sayre,  loio  and  iQi  2;  Sayre  and  Chil- 

!ii.  1014),  which  are  chiefly  responsible  for  the  effects  of  the  drug.    "Gclscminin" 

IS  been  shown  to  consist  of  Gelscmin.     Stevenson  and  Sayre,  1915,  describe  a 

-".. .  alkaloid,  "sempcrvirin." 

£ifiicrf  Intestine. — Gclscminin  depresses  the  tone  and  contractions  (Ikcda,  10161. 
,  TkeriipTMiic  Uses. — (Jelsemiura  (1  to  lo  drops  of  the  fluid  extract)  is  employed 
I'l  neuralgic  conditions,  especially  trigeminal  neuralgia,  nervous  headaches,  cerebral 
^'ypcremia,  and  hysteria.    There  is  no  pharmacologic  explanation  of  these  uses. 

lt»  local  application  to  the  eye  dilates  the  pupil,  but  produces  considerable  irritation 
'f*UUev5  and  Romie.  1887).     ll  is  no  longer  used  as  a  mydriatic. 

'  '''its, — Even  small  doses  sometimes  cause  toxic  sxinptoms,  which  may  be 
UTS.     The  warning  signs  are  ptosis,  double  vision,  dilated  pupils,  weakness 
•  n.     Fatal  doses  produce  slowing  and  arrest  of  the  respiration.     A  dram 
^'  tract  is  said  sometimes  to  cause  death,  and  jo  minims  are  dangerous. 

'  I'f  Ppixfining. — Evacuation,  atropin  and  stimulants. 

PREPARATIONS — GELSEUIUU 

Geisemiumt  U.S.P.;  Getsem.  Rod.,  B.P.  (Yellow  Jasmine  Root).— The  dried  rhizome 
iad  riKJt  of  Gclscraium  sempcrvirens  (nitidum,  B.P.).     Dose,  o.o,i  Cm.,  )-»i  gr. 

£jcl.  GfUem.,  U.S.P. — A  powdered  extract,  i  Gm.  representing  4  Cm.  of  the  drug, 
Dase,  10  mg..  li  gr.,  U.S.P. 

FUtsi.  Gelsrm.,  V.S,?.—Dose,  o.o.i  c.c,  j-i  minim,  U.S.P. 

Tr.  Getsem.,  U.S.P..  B.P.— 10  per  cent.  Dose,  0.25  c  c,  4  minims,  U.S.P,;  0.3  to 
f  cc.  5  to  15  minims,  B.P. 
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SPARTEIN 

General  Statement. — This  alkaloid  has  been  used  to  slow  the  { 
in  cardiac  disturbances;  but  its  effects  are  uncertain,  it  weakens  the  b 
and  can  not  take  the  place  of  digitalis. 

Spartein  is  a  pyridin  derivative,  like  nicotin  and  coniin,  and  has  similar  ac 
(Fick,  1873).  Its  central  effects  are  slight  and  its  toxicity  relatively  low  (Griff6, 
took  0.4  Gm.,  6  gr.,  without  bad  effects,  except  slight  confusion).  It  has  no  1 
action  on  the  vasonsotor  center;  but  the  depression  of  respiration  tends  to  pn 
asphyzial  stimulation  (Pilcher  and  SoUmann,  igzs).  Peripherally^  it  has  a 
strong  curare  action,  arresting  respiration  by  paralyzing  the  phrenic  endings  (Ci 
and  Matthews,  1895).  Larger  doses  also  paralyze  the  respiratory  center  (Muti 
Ishizaka,  1903).  It  has  a  weak  local  anesthetic  effect  (Guinard  and  Geley,  1894). 
habituation  could  be  induced  in  guinea  pigs  (Dorlencourt,  1913). 

Excised  Intestine. — Spartein  depresses  the  tone  and  contractions  (Ikeda,   i 

CiixuUtion. — The  experimental  data  give  a  confused  picture  of  its  actions, 
doses  produce  peripheral  raguf  paralysis  (Fick  and  all  subsequent  workers).  Thi! 
sometimes  result  in  preliminary  quickening  of  the  pulse  (Gluzinski,  1889)  and  rei 
of  vagus  arythmias  (Masius,  1887).  The  most  constant  feature  is  sloving  of  the 
rate,  which  is  not  prevented  by  atropin,  and  is  therefore  due  to  direct  depre^i 
the  cardiac  muscle.  Because  of  the  slowing,  the  pulse  waves  appear  large;  but  ii 
trast  to  digitalis,  the  tendency  of  the  heart  is  diastolic  instead  of  systolic  (Cushn; 
Matthews).  Frogs'  hearts  also  showdecreaseof  rate,  strength  and  tone.  With  it 
enous  injections,  the  slowing  becomes  so  extreme  that  it  may  be  fatal;  but  this  exi 
action  is  of  short  duration,  does  not  occur  on  oral  administration,  and  is  probably  c 
direct  irritation  of  the  endocardium. 

Electrocardiograms  of  excised  mammalian  hearts  show  that  spartein  invai 
checks  the  functions  in  all  directions  (Sakal,  1919). 

The  blood  pressure  shows  a  progressive  fall,  explainable  by  the  cardiac  depre 
Excised  arteries  are  dilated  (Cow,  191 1).  Rise  of  blood  pressure  has  been  reporte 
is  of  inconstant  occurrence  (Cerna,  1894),  and  is  perhaps  due  to  the  mechamcal  e 
of  the  injection  and  to  asphyxia. 

Diuretic  Effect. — This  has  been  affirmed  and  denied,  clinically  and  experimci 
(MacNider,  1910;  Griff^,  1886).  Its  existence  is  very  doubtful.  Fronmueller, 
contended  that  the  reputed  diuretic  effect  of  the  parent  plant  (Scoparius)  is  due  n 
to  scoparin,  a  neutral  principle. 

Uses. — Spartein  was  recommended  by  Se^,  1885;  Laborde  and  Ia 
1886;  and  many  others,  in  cardiac  disease,  valvular  and  functional,  ner 
palpitation,  Graves'  disease,  asthma,  etc.  Clarke,  1887,  claimed  th 
produces  marked  slowing  and  strengthening  of  the  pulse,  the  effect 
pearing  in  thirty  minutes  and  lasting  for  five  to  six  hours.  Probably  1 
clinicians  consider  it  useless  (Leo,  1887;  H.  C.  Wood).  It  is  cerU 
devoid  of  the  cardiac  tonic  action  of  digitalis;  and  without  this  the  slo 
would  be  of  little  value.  The  influence  of  drugs  on  functional  cai 
neuroses  is  difficult  to  judge.  Atropin  would  be  more  efficient  for  pan 
ing  the  vagi. 

Dosage. — 10  mg.,  }^  gr.,  gradually  increased  to  0.13  Gm.,  2  gr,,  e 
six  to  eight  hours.  A.  Jacobi,  1907,  advises  not  less  than  i  gr.  per 
even  for  babies.    Overdoses  produce  nausea  and  vomiting. 

PREPARATIONS — SPARTEIN 

Sparteine  Sulphas  (Spart.  Suiph.),  U.S.P.;  CuHjsNa.HjSOi  +  sHtO.— H 
scopic  colorless  crystals  or  powder;  odorless;  slightly  bitter.  Freely  sol.  in  water  (1 
or  ale.  (1:3).    Dose,  10  mg.,  14  gr-»  U.S. P.     Maximum  dose,  0.2  Gm.,  3  gr. 

Scoparii  Cacumina,  B.P. ;  Broom  Tops. — The  fresh  or  dried  tops  of  Cytisus  scop 

Inf.  Scopar.,  B.P. — 10  per  cent.     Do:e,  30  to  60  c.c,  i  to  2  ounces,  B.P. 

SuccHs  Scoparii  (Succ.  Scopar.),  B.P.;  Juice  of  Broom. — The  juice  expressed 
the  fresh  plant  and  preserved  with  one-third  its  volume  of  alcohol.  Dose,  4  to  2 
I  to  2  drams,  B.P. 
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CURARE 

General  Statement. — This  is  practically  important  in  laboratory 
lechnic,  for  paralviing  the  skeletal  muscles  through  a  scleclivt  depression 
of  their  ner\'c-endiugs,  as  shown  in  the  classical  researches  of  CI.  Bernard, 
1857.  Ii  has  no  effect  on  sensory  nerves  and  is  not  an  anesthetic  It 
produces  a  number  of  side  effects,  resembling  nicoiin  in  depressing  auto- 
nomic ganglia  (vagus);  and  str>'chnin  in  stimulating  the  spinal  cord.  It 
may  produce  glycosuria.  Intravenously,  it  causes  a  temporary  fall  of 
blood  pressure,  returning  rapidly  to  normal  with  moderate  doses.  Death 
«:curs  by  paralysis  of  the  respiratory  muscles;  animals  may  be  saved  by 
artificial  respiration,  the  drug  being  rather  rapidly  excreted  by  the  urine. 
Curare  is  mutually  antagonistic  with  physostigmin.  It  is  much  less  toxic 
by  the  stomach,  on  account  of  slow  absorption  and  rapid  destruction  and 
txcretion.  It  has  been  used  therapeutically  against  tetanus  and  other 
convulsions,  but  only  obviates  the  fatigue  and  exhaustion,  and  is  quite 
dangerous  because  of  the  uncertain  dosage. 

Other  Drugs  Producing  the  "Curare  Effect."— These  are  quite 
numerous. 


.\mong  the  most  important  poiaons  possessing  this  action  are  the  following: 

Certain  anomoniura  oases,  amins,  cholin,  muscarin.  etc. 

Methyl-strychnin,  guanidin  (Brown  and  Frascr,  1869). 

Dclphucurarin,  Hcyl  (Kuhn,  loog). 

Aromatic  scrirft:  Pyridin,  quinolin,  thallin. 

Mcotin  scries,  pipcridin. 

Morphin  and  related  alkaloids. 

Coca in. 

Camphor  in  Frogs,  but  not  in  warm-blooded  animals. 

Certain  putrefactive  ptomains. 

Products  of  muscle  metabolism. 

The  curare  effect  of  many  of  these  drugs  is  an  unimportant  side-action,  which  can 
cnly  tie  demonstrated  in  frogs,  being  obscured  by  odicr  actions  in  mammals. 

S.  Frcenki'l,  [904.  attributt's  the  curare  action  of  the  ammonium  bases  and  related 
^0  to  ihc  slercochemic  orientation  of  the  valences. 

Origia. —  Curare.  Woorara,  Urari  or  Ticnnas,  comprises  several  varieties  of  extracts. 
prepared  by  South  American  Indians  as  arrow  poisons,  from  the  root-bark  of  several 
^tTycbnos  plants.  It  was  first  brought  to  Europe  from  Guyana  by  Sir.  W.  Raleigh, 
!>ij,v  Little  is  known  of  their  preparation.  They  varj*  greatly  in  composition  (cer- 
tiln  varieties  were  supposed,  probably  erroneously,  to  contain  snake  venom);  and  they 
^teriomte  on  keeping,  especially  if  muist,  so  that  commercial  curare  is  a  very  unreliable 
^^i     The  naming  of  the  active  alkaloids  is  so  confused  that  they  arc  not  much  better. 

Varieties.  —These  are  designated  by  the  Itind  of  containers  in  which  they  reach 
tnmmtrct:  CaUbask  (Gourd)  curare  is  obtained  principally  from  Strycknos  loxifcra  and 
^fliins  curarin.  Tubf  curare,  in  baml»oo  tubes,  is  of  undetermined  source,  and  con- 
tiins  tubocurarin  and  curin.  It  is  the  least  desirable  but  the  most  common  variety. 
f'^KiXjtir  [Topf)  curare  comes  from  Strychnos  Castelnaei  and  Cocculus  toxiferus,  and 
f'"ntains  protocurarin  and  protocurin.  All  the  varieties  consin  of  brown  masses,  in 
iiruely  bitter,  not  wholly  soluble  in  water,  more  soluble  in  dilute  acid. 

Active  Principles. — .\\\  the  above-named  constituents  are  alkaloids.  Curarin  and 
P^'l'xrunrin  have  the  most  l>'pical  effects,  and  the  latter  is  probably  stronger.  Tubo- 
^warin  has  «  much  weaker  muscle-ner\'e  action,  a  stronger  strychnin  effect,  and  in- 
ffnws  the  heart  rale.  Curin  is  devoid  of  the  muscle-nerve  action,  but  first  stimulated 
»nd  depresses  the  heart.     It  can  be  converted  into  curarin  (Boehm"). 

Curarin  is  related  chemically  and  in  actions  to  strychnin.  Its  preparation  from  caU- 
w!.li  furare  by  the  method  of  Bochm,  1KS7.  is  doi^ribed  in  the  Rcrxirts,  Counc.  Ph&rin. 
'-hem,,  igio.    Tubocurarin  is  not  a  proper  s>'Qonym  although  it  has  been  so  used. 


Pftralysis  of  Muscle-nerve  Endings.— Ordinarily  the  only  symptoms 
t'urare"   poisoning  consist   in   this  paralysis.     When  the  ctu-are   is 
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introduced  under  the  skin,  it  causes  a  total  loss  of  motion,  first  of 
voluntary  and  then  of  the  respiratory*  muscles. 

Sequence. — The  order  in  which  this  disturbance  appears  is  the  following:  Shot 
muscles  of  the  toes,  ears,  and  eyes;  then  the  limhs,  head  and  neck;  finally  the  respirator 
muscles,  first  the  thoracic,  then  the  diaphragmatic,  and  lastly  the  abdominal  fChi^ 

IQW). 

The  heart  is  not  affected  except  with  very  much  larRer  doses 

The  muscles  which  are  least  affected  by  curare  are  those  which  contain  the  lari 
amount  of  utiliuible  oxygen,  and  survive  longest  after  the  death  of  the  aniraai.     Th 
supply  of  oxygen  accounts,  perhaps,  for  the  lesser  susceptibility  to  the  deprcssio 
action  of  curare.  J 

Devehpmeni  of  Paralysis. — The  first  sign  of  curare  action  consists  in  incapacity  4 
sustained  effort  on  repeated  stimulation  of  the  nerve;  i.e.,  whereas  a  single  contractM 
is  normal,  fatif^e  sets  in  more  readily  than  usual  (Boehm,  1804).  Then  the  height  ( 
contraction  is  somewhat  lowered.  Then  the  current  must  be  strengthened  J 
obtain  any  response;  and  finally  even  the  strongest  stimulation — of  the  nerve-j 
ineffectual.  " 

Location. — This  was  investigated  by  Fontana  and  estiblisbed  by  the  work  of  C 
Bernard.  1857.  It  is  evident  that  some  structure  is  paralyzed.  The  paralysis  migl" 
have  its  scat  in  any  part  of  the  central  nervous  system  or  it  might  be  peripheral.  Stim\ 
lation  of  the  sciatic  does  not  produce  a  contraction  if  the  dose  has  htxn  sufficient.  Th 
point  of  attack  must,  therefore,  be  peripheral  to  the  sciatic  nerve.  This  leaves  th 
nerve  trunk  itself,  the  nerve-endings,  and  the  muscle  fibers.  Stimulation  of  the  muscl 
directly  is  effective,  so  that  this  is  excluded  To  decide  between  the  nerve  trunk  an 
nerve-endings,  he  placed  a  ligature  around  the  body  of  a  frog,  with  ihe  exception  of  th 
sciatic  nerves,  and  tightened  the  ligature  so  as  to  entirely  exclude  the  lower  extrcmilii 
from  the  circulation.  He  then  injected  the  curtire.  fn  this  manner  the  pcriphen 
portions  of  the  sciatic  ncrv'cs  and  the  endings  did  not  come  into  contact  with  the  curai 
and  the  nerve  trunk  was  alone  exposed  to  the  poison.  He  found  that  stimulation  of  th 
trunk  cau^*d  normal  contraction,  consequently  that  curare  had  no  action  on  it,  thy 
IcaWng  only  the  endings. 

He  also  proved  the  point  in  a  simpler  manner  hv  ligating  one  leg  exclusive  of  i 
nerve,  or  by  placing  the  muscle  of  one  and  the  ner\'e  of  another  muscle-nerve  preparAt 
into  the  solution.  Garten,  igi2,  has  shown  by  careful  methods  that  even  prolonj 
exposure  to  strong  curare  solutions  docs  not  affect  the  ner\'c  trunk. 

The  "musclc-ncr\'c"  endings  affected  b^'  curare  need  not  necessarily  be  idcnti 
with  the  anatomic  end  plates,  although  this  is  possible  (Fdmunds  and  Roth,  jqoI 
Kuehne,  1RH6,  described  some  observations  which  indicate  that  the  action  is  nut  alw^ 
strictly  Uxialijurd.  The  peculiar  antagonism  with  nicolin  was  discussed  on  p.  3I 
The  nerve-endings  of  invertebrates  are  not  paralyzed  (Straub). 

Paton  and  Findlay,  igiO.  believe  that  larger  do<;es  of  curare  paralyse  tlic  reccpl 
substance  beyond  the  ner\'e-endings;  but  there  seems  no  need  of^this  assumption, 

Direct  stimulation  of  the  muscle  (in  cats)  requires  a  somewhat  stronger  curW 
under  curare,  but  not  if  the  ner\'e  has  degenerated.  Epinephrin  al.v>  restores  the  thro 
old  of  muscular  stimulation.     Fatigue  increases  the  iriresnold  (Gruber,  1914). 

Sensory  Nerves. — These  are  not  affected  by  curare.     The  reports  of  early  travd 
who  describe  poisoning  by  curare  arrows  mention  that  sensation  is  not  impaired  vrl 
motion  is  entirely  impossible.     Bernard  also  studied  this  action  directly  on  the  fn 
He  ligaturc*d  one  leg  with  the  exception  of  the  sciatic  nerve,  injected  the  poison,  afii 
applied  the  stimulus  to  one  of  the  upper  extremities.     This  caused  a  reflex  mo\'ement  0 
the  ligated  leg,  which  would  not  nave  been  the  case  had  the  sensory  endings  of 
foreleg  been  i)aralyzed. 

Paralysis  of  Respiration  as  Cause  of  Death. — In  cold-blooded  animals  in  which 
respiratory  excliange  takes  place  largely  through  the  skin,  and  respirator)*  movement 
arc  unnecessary,  the  poison  is  gradually  eliminated  if  the  animal  be  kept  in  a  mois 
atmosphere.     Complete  recovery  occurs  after  eight  to  ten  days,  except  when  the 
is  extremely  large,  m  which  case  other  factors  come  into  play. 

Warm-blooded  animals  die  of  paralysis  of  the  respiratory  muscles.     If  arti 
respiration  be  kept  up  and  the  dose  has  t>een  only  ju^l  large  enough  to  produce 
sU  they  may  also  recover. 

The  recover>'  of  the  respiratory  muscle  begins  immediately,  while  the  sciatic  end 
ings  require  several  hours.     The  effect  of  the  curare  increases  progressively  with  th 
dose:  it  is  as  if  an  increasing  resistance  were  gradually  introduced  be 
the  muscle. 
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Tbescftt  of  the  re^^iraU>ry  paralysis  is  also  peripheral,  for  stimulation  of  the  phrenic 

■vedoes  Dot  result  m  contraction  of  the  diaphragm. 

The  respirator)'  paralysis,  if  it  is  act  too  profound,  is  promptly  removed  by  pkysos- 
ifnin;  stimulation  of  the  sciatic  also  becomes  effective  again. 

Bronchial  muscU  is  not  affected  by  Curare  (Trendelenburg). 

Metabolism* — Curare  paralyzes  the  temperature  nerves  of  the  muscles*  as  well  as  the 

)ior  nervts,  so  that  cocain,  r.^.,  can  not  raise  the  temperature. 

The  muscular  paralysis  lowers  the  me(chotism.  It  is  claimed  that  this  diminution  is 
iir  more  Lonspicuous  in  the  nitrogen  than  in  the  carbon-metabolism. 

Cfctitin  Outpul. — This  has  been  consi<iered  as  an  index  of  the  tonic  functions  of 
dc.  and  i.<i  supposed  to  be  controlled  by  the  sympathetic  system.     It  is  not  affected 

curare,  nor  does  curare  prevent  the  increase  by  epinephrin,  caffein,  etc.  (O.  Riesser, 

t6(. 

Ctyeasuria  is  a  frequent  but  not  constant  phenomenon  (Morishima^  18^9).     It  is  not 
'  Hy  due  to  asphyxia,  for  it  can  not  be  completely  prevented  by  artificial  respiration 
cieod,  19OQ).     The  earlier  literature  is  reWcwcd  by  S.  Weber,  1Q04. 

Epinephrin  Output, — -This  is  markedly  depressed  by  curare  in  the  dosage  required 
to  paralyze  skeletal  muscle  (Stewart  and  Rogoff,  iqiq). 

Peristalsis.^ This  is  often  increased,  partly  by  asphyxia,  hut  also  with  artificial 
tspiration.  Bidder.  1S65,  found  do  direct  effect  on  intestinal  or  other  smooth  muscle, 
t\n\  with  the  largest  doses. 

Ikcda,  1916,  with  excised  intestine  found  stimulation  of  the  muscle  and  slight 
incnase  of  tone. 

Autonomic  Ganglia. — The  vagus,  vasomotor,  sali\'ary,  pupillary,  etc.,  ganglia  are 
(kp(«s&ed,  but  usually  not  as  strongly  as  with  nicotin. 

'^  •-   antagoniiim  to  nicotin  stimulation  indicates  that  tbe  paralysis  inx'olves  the 
II  cells.     The  order  in  which  the  ganglia  are  affected  is  also  the  same  as  with 
•  ^^'Ull  iLangley,  iqiS).  and  has  been  discussed  in  the  general  section  on  autonomic 
poisons. 

Effects  on  the  Circulation. — ^If  artificial  respiration  is  maintained,  the  first  effect  of 

QUifcoa  the  circulation  consists  in  a  fall  of  blood  pressure,  due  to  peripheral  vasomotor 

<*(T''tMion  (TiUic.  1890;  SoUmann  and  Pilchcr,  1910).     The  action  is  apparently  on  the 

!i  cells  (Langlcy.  loiS).    Thisissoooaccompaniedby  quickened  heart  beat,  from 

uin  of  the  vagus  ganglia. 

i  rir  depression  docs  not  readily  pass  into  paralysis,  so  that  stimulation  of  the  vagus 
"^r  wiatic  is  still  ctTeciivc;  indeed,  the  vasomotor  reflexes  may  be  increased,  through 
tlitcentnil  action  of  the  curare.  Martin  and  Stiles,  1914,  also  found  that  the  threshold 
of  ihe  \-asomotor  center  is  not  raised,  even  by  large  doses.  The  rertex  depressor  fibers 
*'e  rendered  more  sensitive  (Langley,  1912),  or  rather,  the  depressor  response  is  more 
D^Hy  proportional  to  the  strength  of  the  stimulus,  than  in  normal  animals  (Martin 
w*i  Stiles,  1914).  Porter.  1915,  finds  that  the  response  to  sciatic  and  depressor  stimula- 
fion  may  be  doubled  while  the  level  of  blood  pressure  remains  practically  unchanj^ed; 
*nd  interprets  this  as  evidence  that  the  vasotonic  and  vasorctlex  centers  are  distinct 
Md  indcp^-ndenl. 

These  efFecls  on  tbe  circulation  pass  of!  within  fifteen  minutes,  and  the  circulation 
wiurns  to  normal,  while  the  muscular  paralysis  persists.  They  therefore  do  not 
•f^ousiy  interfere  with  the  cmployTncnt  of  the  drug  in  experiments.  The  main  objcc- 
*o  which  may  \x  urged  against  the  latter  is  that  it  docs  not  produce  sensory  paralysis, 
•faile  the  absence  of  struggling,  etc.,  might  cause  the  incxpenenccd  operator  to  neglect 
*pfT>per  enforcement  of  other  means  of  anesthesia. 

Prrfusion  of  frog's  vessels  slows  vasoconstriction,  which  is  not  modified  by  absence  of 
'^kium  (Pearcc,  1913). 

!'    us  — The  peripheral  effects  correspond  to  those  of  nicotin.     Electric  stimulation 
igus  does  not  arrest  the  heart,  but  it  may  be  slowed,  or  beat  faster  (Dale  and 

i-i-S  1911). 

the  v^^'uf  conduction  is  slowed,  in  the  frog  heart,  analogous  to  the  skeletal  muscles 
'^1  Unique  and  Veil,  1916).  • 

Perfusion  of  the  medulla  oblongata,  in  the  turtle,  may  stimulate  thecardio-inhibitory 
^tcr  somewhat,  but  more  commonly  tends  to  diminish  the  sensitivity  of  the  center 
'  filhcr  stimulants  (Bush,  1920). 

The  lymph  hearts  of  frogs  are  arrested  (Bernard). 

Coitiml  Nervous  System. — When  curare  is  applied  directly  to  the  spinal  cord  of 
""?>.  it  causes  typical  strychnin  contulsions.  Wiln  ordinary  methods  of  administration 
^'<«arf  masked  by  paralysis  of  the  ner\'e-ending9.  Certain  samples,  however,  cause 
"^hnin  convulsions  before  the  typical  curare  action  appears. 

^^  d«gSt  the  convulsions  produced  by  injecting  curare  into  the  spinal  canal  or  cere- 
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bral  ventricles  differ  from  those  of  strj'chnin,  beinK  irregular  and  asymmetric  (McGuigl 
1916). 

Inactivity  by  Gastro-intestinal  Canal. — The  effects  of  curare  are  obtained  only  if 
is  intrfiduced  under  the  skin  or  into  the  circulation,  but  usually  not  if  inUoduced  into  I 
stomach.  The  experiments  on  the  admmistration  of  curare  by  the  stomach  (muio 
by  Bernard)  have  sliown  that: 

1.  It  is  not  destroyed  by  the  gastric  juice,  pancreatic  juice,  or  saliva. 

2.  It  passes  very  slowly  through  the  walla  of  the  Rtumach  when  the  epithelium  h 
been  killed,  and  not  at  all  if  the  epithelium  is  still  living.  (It  will  be  remembered  a 
that  str>'chnin  is  not  absorbed  by  the  slomach  in  rabbits.) 

3.  It  is  to  some  extent  fixed  or  destroyed  by  the  liver,  for  it  is  much  less  active  wl 
injected  into  tlie  porUl  than  into  the  jugular  vein.     However,  the  discrepancy  bctwt 
the  gastric  and  hypodermic  dose  persists,  even  when  the  liver  is  largely  excluded 
Eck's  Tistula;  so  that  the  liver  destruction  can  not  be  very  important  in  mammab  (Po 
manti,  1914).     It  is  also  destroyed  in  viiro  by  o.x-blle,  and  by  bacteria. 

In  frogi  the  liver  is  the  main  agent  in  the  disintoxication;  in  normal  animals  50111 
as  much  curare  is  required  by  mouth  as  hypodermically;  the  difference  disappcl 
completely  if  the  liver  is  excised;  digestion  of  curare  with  liver  substance  destroys  " 
activity. 

4.  It  is  very  rapidly  excreted  unchanged  in  the  urine. 
In  mammals  the  inactivity  of  curare  by  the  mouth  is  due  partly  to  its  destruction 

the  bile  and  bacteria;  but  mainly  to  the  capacity  for  absorption  being  less  than  the 
pacHty  for  its  destruction  or  excretion.  If  the  renal  vessels  are  tied,  poisoning  occ 
quite  readily  even  when  it  is  taken  by  the  stomach.  If  very  large  doses  are  taken  on 
empty  stomach,  sufficient  may  be  absorbed  to  cause  symptoms. 

Use  of  Curare  in  Convulsions. — This  is  still  largely  experimental  and  not  m 
promising.  Il  has  l>cen  suggested  to  combat  the  convulsions  of  strychnin,  tetanus,  a 
nydrophobia  {E.  Collins,  1905).  It  is  certainly  quite  possible  to  suppress  the  sfJi 
modic  condition  by  sufficiently  large  doses.  Unforlunatcly,  however,  it  is  impos^l 
to  secure  this  without  at  the  same  time  paralyzing  respiration.  This  latter  may,  the 
retically.  be  counteracted  by  artificial  respiration,  but  this  prolonged  manipulatioQ 
in  itself  injurious.  On  the  other  hand,  mmimal  doses  may  be  considered  useless,  ^ 
indeed,  as  has  been  pointed  out.  even  if  the  spasms  could  be  suppret^sed  without  aff< 
ing  the  respiration,  this  would  not  be  an  ideal  treatment  for  strychnin.  In  well-cl 
cases,  however,  curare  mjiy  Iw  the  means  of  saving  life.  Convulsions  certainly  tend 
heighten  fatigue  and  paral>*sis  of  the  medullary  centers,  and  if  in  a  case  in  which 
degree  of  poisoning  just  exceeded  the  lethal  limit  by  a  very  Utile  a  minimal  amount 
curare  were  injected,  this  might,  perhaps,  reduce  the  spasm  sufficiently  to  turn 
scale,  or  somewhat  larger  doses  might  be  given  which  would  require  some,  but  not  v 
much,  artificial  respiration.  This  has  actually  beeu  done,  and  in  desperate  cases  cui 
is  worthy  of  a  trial;  but  in  addition  to  the  other  objections  come  the  very  uncerl 
quantitative  effects.  Il  would  be  justified  only  to  work  with  tested  samples,  and 
arc  rarely  accessible  when  needed. 

AdministnitioH. — The  drug  should  ho  given  h\j)odermically.  using  per  kilogram 
patient  one-tenth  the  fatal  dose  determined  per  kilogram  of  dog;  and  being  prepan 
for  artificial  respiration  and  physostigmin.     Curarin,  if  pure,  would  give  an  exact  s*^ 
stance,  in  the  dose  of  t  to  I3  mg.  hypodermically.     The  reliability  of  the  alk&loid 
however,  o|>vn  to  doubt. 


GUANIDIN 


This  and  methyl-guanidin  produce  peripheral  stimulation  of  striped  muscle 
lar>'  contractions),  then  central  paralysis  and  finally  a  curare  a(;tion.     The  mu£ 
effects,  therefore,  resemble  nicotin. 

Gu.inidin  is  imido-urca,  NH  *  C  ~  (NHi)i.  .It  is  a  constituent  of  cre&tin 
arginin.     Methyl-guanidin  occurs  in  urine  and  in  protein  putrefaction. 

Toxidty- — The  comparative  toxicity  of  guanidin  and  it.s  amino  derivatives  has" 
investigated  by  Garino,  rgib. 

Muscular  fwilthings. — These  arc  cspec'mlly  interesting.     Their  peripheral  origin 
shown  by  Gergcns  and  Baumann,  1870.     They  occur  if  the  isolated  muscle  is  UJd 
1:2000  to  1:4000  solution  of  the  chlorid.     The  twitchings  arc  less  marked  in  solut 
above  i  per  cent.,  since  the  effect  is  there  complicated  by  the  curare  action  (Mcigt 
1917)- 

In  living  animals  the  twitchings  pcnist  if  the  motor  nerve  is  divided  but  jail  wbtsi 
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lus  degenerated;  so  that  the  action  is  apparently  located  in  the  anatomic  endings. 
It  is  suppressed  by  calcium  or  magnesium  (ruehner,  1907  and  1911),  and  by  weakening 
of  ihf  muscle  (Langley,  1015).     In  cats,  the  symptoms  resemble  chorea  (Fuchs.  1014!. 

Caliium  and  Phoiphair  Equilibrium. — Walanabe,  iqiS  claims  ihnl  the  injection  of 
cr-avulsive  doses  of  guanidin  into  rabbits  greatly  increases  the  phosphate  of  the  serum, 
and  thai  generally  the  calcium  of  the  scrum  is  somewhat  decreased.  Confirmation 
would  be  desirable. 

Protrition  Against  Atujpkyiaxix. — D.  Burns  states  that  guanidin  confers  protection 
if  injetted  immediately  before  or  after  the  provocnt  ve  dose.     Confirmation  is  desirable. 

Other  Substances  Producing  Fibrillary  Twitdiings  are:  Physostigmin,  aconilin. 
nicotin,  NaCl  and  sulphocyanid,  and  the  sails  of  Ba,  Zn,  Cu,  Ni,  and  Pb. 


EPmEPHRIN 

General  Statement.— Epincphrin  (also  called  Adrenalin,  Supra- 
renin  and  numerous  similar  names)  is  the  active  principle  of  the  medulla 
of  the  suprarenal  gland.  Ii  is  a  relatively  simple  amin  derivative  of 
catechol,  and  can  be  prci>are(i  synthetically.  It  behaves  as  a  feeble  base 
and  might  be  classed  with  the  alkaloids.  Its  solutions  are  very  unstable, 
Unle5s  a  preservative  is  added. 

Its  typical  actions  consist  in  a  highly  specific  stimulation  of  the  physio- 
logic endfings  (receptive  substance)  of  the  entire  sympathetic  system. 
[The  effects  upon  any  given  organ—  whether  augmcntory.  inhibitory,  or 
indifferent — therefore  correspond  with  the  effects  of  stimulation  of  its 
Sympathetic  innervation.  Very  dilute  concentrations  may  have  opposite 
effects. 

The  most  important  practical  manifestation  of  this  action  consists  in 
a  high  rise  of  blood  pressure,  from  peripheral  stimulation  of  the  vasocon- 
strictor mechanism  of  the  systemic  vessels,  and  of  the  accelerator  mechan- 
isn  of  the  heart. 

Epinephrin  is  used  locally  for  arresting  hemorrhage  and  enhancing  the 
anesthetic  effects  of  cocain;  hypodermically  in  bronchial  asthma;  intra- 
venously, for  tiding  the  patient  over  acute  circulatory  collapse. 

Its  systemic  action  is  very  brief.  It  is  entirely  ineffective  by  oral 
administration;  but  little  effective  subcutaneously,  and  of  moderate  effi- 
ciency intramuscularly. 

Overdoses,  intravenously,  kill  by  acute  dilation  of  the  heart. 

HistohcoL — Epinephrin  is  identical  with  the  " chromaffin  substance*'  (giving  a 
Kt-oen  cjlor  with  ferric  chlorid,  and  pink  with  alkalies,  iodin  or  chlorin,  and  taking  up 
^^iromium  w-lts;  Henic,  1865),  which  was  discovered  by  Vulpian,  1856,  in  the  medulla 
**f  the  adrenal  bodies,  and  also  in  association  with  sympathetic  cells  elsewhere.  The 
*uprartnal  medulla,  as  shown  by  Balfour,  is  a  direct  outgrowth  of  the  sympathetic 
system,  and  consists  iit  hrst  of  ncumblasls.  The  cortex  is  of  mesoblastic  origin,  and 
doc&not  contain  epinephrin,  but  cholin  (Lohmann,  1907). 

ri„-  ,.r..asor  action  of   the   mcJiillary   substance    was  discovered  by  Oliver  and 
1)5.  and  by  Cz>'bulski  and  Symonovicz,  1895.     This  was  followed  by  many 
•  '  separate  the  active  principle.     The  researches  of  v.  fuerth,  i8q8,  and  par- 

^^uUrU  ihuse  of  AIjcI,  paved  thu  way  to  its  isolation  in  crystalline  form,  which  was 
"'^^t  hrromplished  by  Takamine,  looi,  Aldrich,  rgoi,  and  Abel.  1003.  Its  structural 
''  I  was  determined  by  Jowett,  1904,  and  its  synthesis  accomplished  by  Stole, 

,  1005,  and  Klacher,  1008.  An  extensive  scries  of  rrlatcd  amins,  with 
I*  Mj.Lr  >;.  m|3athomimetic  actions,  has  also  Iwen  prepared  (Barger  and  Jowett.  1905; 
■^Argrr  and  Dale,  ipio),  and  some  of  these,  as  well  as  the  synthetic  epinephrin  itself, 
*"^  markttcd. 

A  good  dikiission  of  epinephrin  is  contained  in  Barger's  **  Simpler  Natural  Bases," 

1    ^9tA, 
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Abel  and  Macht,  iqt  2,  ha\'c  also  found  considerable  cpincnhrin  (along  with  the  di| 
taloid  Bufagin)  in  the  "parotid  ^lands'*  of  the  Tropical  Toud,  Bufa  Agua. 

Crawford  and  Watanabc,  1Q15,  believe  that  it  (or  a  similar  substance)  exists 
pituitary  extracts  and  ia  partly  rcsponsiljlc  for  their  pressor  effect. 

Extracts  of  the  retro- per iioneai  chromajin  lisstte,  of  man  and  mammals,  also  com 
epinephrin  or  n  closely  related  substance,  having  the  t>'pical  action  on  intestinal  ai 
uterine  muscle  (Fulk  and  Maclcod,  1016). 

Chemic  Structure. — Kpinephrin  i§  diox>*phenvl  (pvrocatcchin)  ethanol-raethylami 
C»Hi(OH)--CH()H-CHi-NHCHi,  corresponding  to  the  empirical  formula  C9HU 
N'Oi  (first  established  by  Aidrich,  IQ02,) 


HO 


CH.OH.CH,:NH.CH, 


Its  structure  is  rather  closety  related  to  that  of  tyrosin;  and  it  may  perhaps  be  derived 

from  this  or  similar  amins  in  the  body- 
Action  of  Isomers.^The  natural  epinephrin  is  Icvorota^,  The  synthetic  base  15 
raceraic,  and  has  been  split  into  an  1.  and  d.  component  by  FltLcher,  1908.  The  I.  com- 
ponent is  identical  with  tne  natural  biisc.  The  dextrorotary  base  produces  qualitatively 
the  same  actions,  but  has  only  one-twelfth  to  onc-cightccnth  the  activity;  and  the 
mcernic  mixture  therefore  has  about  half  the  activity  of  the  natural  base  <^Locwi  and  H. 
Meyer.  1905;  Cushny.  iqoS  and  igog.  Abderhalden  and  Mueller,  tpoH;  W  H.  ScliulU, 
iQO(}}.     FrocliUch,  igog.  claims  that  the  d.-basc  has  a  much  more  persistent  action. 

Related  Sympathetic  Substances. — Barger  and  Dale,  1910,  found  that  the  universal 
peripheral  sympathetic  stimulation  (which  they  aptly  call  "sympathomimetic  action") 
15  not  peculiar  to  epinephrin,  but  is  shared  by  a  large  number  of  primary  and  secondary' 
amins,  the  simplest  bemg  the  primary  fatty  amins,  such  as  amylamin.  The  catechol 
nucleus  is  a  rather  unessential  constituent,  and  the  action  of  catechol  itself  is  not  rc- 
bted  to  that  of  epinephrin.  However,  the  intensity  and  specificity  of  action  increase* 
as  the  amins  approach  the  composition  of  epinephrin  itself.  It  is  noteworthy  that  the 
various  sympathetic  effects,  and  the  augmentory  and  inhibitory  stimulations,  \-ary 
independently  in  these  various  amins.  Nor  is  there  any  parallelism  between  insta- 
bility and  activity. 


Sympathomimetic  Action  of  Epinephrin.— The   corresF>ondencc 
tween  epinephrin  and  sympathetic  stimulation  was  described  on  page  31J 
the  organs  and  functions  augmented  and  inhibited,  on  page  319;  ai 
the  localization  of  the  eflfects  in  the  receptive  substance,  on  page  320. 

Effects  on  Circulation.— The  intravenous  injection  of  epinephrin  into 
normal  animal,  with  intact  vagi,  prwluccs  the  striking  phenomena  de- 
picted in  Fig.  14.     The  blocni  pressure  rises  sharply;  as  it  approaches  its 
maximum,  the  heart  beats  are  greatly  slowed  and  strengthened,    TH* 
pressure  is  not  sustained,  but  returns  quickly  to  normal.     The  heart  beal^^ 
also  return  to  their  former  rate;  but,  as  may  be  seen  from  the  IraclnlBP' 
more  slowly  than  the  pressure. 

These  phenomena  are  due  to  the  interaction  of  three  factors:  vasO" 
constriction,  vagus  stimulation,  and  stimulation  of  the  cardiac  accelerator 
mechanism. 

The  blood  pressure  may  rise  to  a  very  high  level,  especially  if  the  v»^ 
have  been  divided  or  paralyzed.  In  dogs,  it  may  exceed  300  ram.  ^* 
mercury.  The  extent  of  the  rise  increases  with  the  dose,  but  not  in  sirap^£_ 
proportion.  The  main  element  in  the  rise  is  ordinarily  the  intense  vas 
constriction;  for  the  volume  of  the  organs  diminishes  as  the  blood  pn 
rises.  The  cardiac  stimulation,  however,  is  also  an  important  factor, 
sometimes  it  is  the  more  important. 

The  cardiac  slowing  is  indirect,  due  mainly  to  stimulation  of  the 
center  by  the  rise  of  blood  pressure.    The  direct  action  of  epinepK^ 
would  be  to  quicken  the  heart  rate  by  stimulation  of  the  acceheraior  e: 
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ings;  this  is  the  result  with  small  doses  (Hoskiiis  and  Lovelette,  1914.)  ;  or 
in  excised  hearts;  or  if  the  vagi  have  been  divided  or  paralyzed;  or  if  the 
heart  escapes  temporarily  from  the  vagus  control,  as  often  happens. 
With  the  vagi  cut,  epinephrin  stimulates  the  auricular,  and  still  more 
the  ventricular  efficiency  (Wiggers,  igi6). 

Effects  with  Dijferenl  Methods  of  Administration. — Practically  no  sys- 
temic effect  can  be  secured  by  administering  epinephrin  by  mouth,  and 
relatively  little  by  hx-podermic  injection.  This  is  explained  by  the  limita- 
tion of  absorption  through  vasoconstriction.  The  slow  absorption  permits 
the  destruction  of  the  epinephrin  before  it  reaches  the  circulation.  The 
response  is  considerably  greater  with  intramuscular  and  p)eritoneal  injec- 
tion (Meltzer  and  .\uer,  1905;  Lapponi,  1915);  but  it  is  still  much  less, 
chough  more  lasting,  than  with  intravenous  injection.  Injection  under 
pressure  into  the  nasal  submucosa  is  almost  equivalent  to  intravenous 
injection  fPUcher,  1914). 


^  U<— Snptmrenal   on  b1ood>pre«iir«.  dog.     :H  dropc  per  Kg.  ol  i:iooo  eptoephriii  in}ect«d 
jntravenouify  at  H.      P.  ~  Blood-prrssurr  m  mm.  of  Hg. 

On  the  other  hand,  when  it  is  injected  (0.5  ex.  of  1: 1000)  into  the  root  of  a  rabbit's 
«tt,  strong  cootraction  of  the  car  vessels  persists  for  hours  (Aucr  and  Meltzer,  191 7). 
Th«  blanching  is  also  quite  lasting  when  epinephrin  is  applied  to  the  scarified  skin 
(Sollmann  and  Pilcher.  1017),  and  as  intradermal  injection. 

Intraspinal  injection,  (for  man,  i  c.c.  of  1:1000)  gives  a  slow  but  considerable  and 
pffrisient  rise  (.Aucr  and  Meltzer,  XQia,  iqi8). 

None  is  absorbed  through  nerves  (Meltzer,  1909). 

In  many  the  blood  pressure  response  is  also  practically  absent  on  oral 
administration.  Hvpodermically,  0.5  to  1.5  mg.  (Moo  to  .'4o  g""-)  gives 
uncertain  results,  usually  a  rise  of  10  to  12  mm.,  rarely  higher  U045  mm.). 
The  same  doses  iniramuscularly  give  more  constant  and  higher  rise, 
usually  8  to  35  mm.;  but  sometimes  much  higher,  over  90  mm.,  so  as  to 
produce  alarming  symptoms  (Halsey,  1909). 

.  ftddUum  0/  Dosage  to  Rise  of  Blood  Pressure. — With  intravenous  injection  and  atio- 
Vnitt^  dogs,  this  is  somewhat  as  follows  (from  the  data  of  Hunt,  X901.  and  others): 
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0.00008  mg.  per  kilogram  =  rise  of  5  mm.;  0.00025  =  7  mm.;  0.0005  =  'S  mm.;o.ood| 
=  20  mm. ;  0.0017  —  ^5  mm.;  0.004  —  45  mm.;  0.006  =  66  mm.;  0.03  =  150  mm.      j 

Influence  of  Dosage  on  the  General  Effects. — The  c0ccts  of  intravenous  injcctiot 
vary  with  ibe  dusc.  The  results  of  increasing  doses  may  be  tabulated  as  followt 
(Langlcy.  1901); 

{a)  Rise  of  blood  pressure.  J 

(b)  Inhibition  of  bladder,  mydriasis.  ' 

(c)  Contraction  of  uterus,  vas  deferens,  and  seminal  vesicles;  salivation  and  lachr| 
mation;  inhibition  of  stomach  and  gall-bladder;  increased  bile  secretion;  inhibition  Q 
stimulation  of  internal  anal  sphincter. 

(d)  Contraction  of  erectorcs  ptlorum. 
(/•)   Uncertain  effect  on  tunica  dartos  and  on  sweat. 

Cardiac  Stimulation. — The  perfusion  of  epinephrin  through  the  excisd 
mammalian  heart  (Hedbom,  Cleghorn,  Gottlieb,  Boruttau),  or  its  perftJ 
sion  or  direct  application  to  a  frog's  or  turtle's  heart  (Lutesana,  1913] 
quickens  the  rate,  and  increases  the  ampUtudo  of  the  contraction.  Thi 
tone  is  ver>'  markedly  increased,  often  doubled.  The  oxygen  metabolisn 
of  the  heart  is  increased  in  proportion  to  its  activity  and  rate  (Bajcrol| 
and  Dixon,  1907;  Rohde  and  Ogawa,  1912;  Evans  and  Ogawa,  1914); 
E.visting  irregularities  are  removed,  and  the  effects  of  muscular  depressantt 
are  counteracted  faconite,  MacNider;  strychnin.  Januschkc,  1910;  phenol 
chloral  and  chloroform,  Gunn,  1913,  1915;  potassium,  etc.).  A  hearl 
which  has  ceased  to  beat  may  often  be  revived  by  this  drug.  1 

The  fact  that  epinephrin  may  start  a  heart  many  hours  after  excision,  or  when  it  hi 
been  depressed  by  chloral,  goes  to  show  that  the  heart  may  contract  independently  g 
ganglia;  for  the  epinephrin  action  is  pretty  certainly  not  ganglionic  (Gunn,  IQ15).      1 

Tfic  cardiac  acccUralion  is  not  due  to  vagus  paralysis,  tor  it  occurs  after  atropin,  an 
also  in  isolated  strip*  of  the  cat's  ventricle  (Lcothara,  1913),  or  after  the  auriculo-vel 
tricular  bundle  is  cut.  In  complete  heart-block,  it  quickens  and  strengthens  the  vea 
triclcs  and  auricles  (van  Egmond,  1013).  From  analogy,  it  may  be  assumed  that  lk| 
action  is  exerted  on  the  receptive  substance  connected  with  the  accelerator  mcchanisa 

Normal  Epinephrin  Output  artd  Cardiac  Activity. — Stewart  and  Rogoff,  1919.  fou: 
that  temporary  exclusion  of  the  adrenal  bUKKl  from  the  circulation  sometimes  influen 
the  heart,  csjwcially  when  irregularities  arc  present;  und  that  in  these  cases,  the 
turbances  disappear  when  the  adrenal  blood  is  re-admitted,  or  if  corresponding  d 
of  epinephrin  are  injectcdr  0 

Auricular  Tonus  Wavrn. — Excised  sinoaurirular  preparations  from  turtles  or 
when  laid  in  Ringer's  solution,  exhibit  slow  rhjthmic  variations  of  tonus.     These 
abolished  by  epinephrin,  whilst  at  the  same  time  the  ordinar>'  auricular  contractions 
strengthened  [Grulwrand  Market.  1918;  Gmber,  1Q20). 

Injlitcnce  of  Heat. — With  the  isolated  frog  heart,  the  amplitude  is  but  little  afft 
by  epmephrin  between  8  and  i3°C.,  but  increases  from  13  to  33°.     The  rate  is  dec 
between  S  and  iS'*;  fairly  constant  between  iSand  28*,  and  rapidly  decreased  betw 
28  to  30**  (Sprinceanu,  1915). 

Effect  of  Scrum  and  Ions. — These  have  considerable  infiuencc  on  the  response  of  tfe 
frog  heart  to  epinephrin.  The  stimulant  effects  of  epinephrin  and  serum  are  s.vncriHk 
tic  (potentiation,  Moog,  1914):  whilst  in  the  absence  of  calcium,  epinephrin  p'rodu 
depression  and  diastolic  arrest  (Burridge,  1914). 

In  birds,  the  cardiac  effects  of  epinephrin,  pituitrin  and  barium  differ  considcral 
from  the  mammals  (Paton  and  Watson.  191 2). 

Use  in  Cardiac  Failure. — The  cardiac  stimulant  effects  of  epinephria 
have  been  utilized  in  therapeutics  to  counteract  acute  cardiac  failure  in 
asph)'xia,  etc.  It  would  be  useless  against  persistent  cardiac  weakne: 
since  its  action  is  too  fleeting,  and  can  be  obtained  effectively  only 
intravascular  injection. 

Rtsiiscitation  of  the  arrested  heart  is  most  effectively  accomplished  bl 
injecting  epinephrin  into  the  pericardial  sac  (Gunn  and  Martin.  IQI5] 
or  more  convenientlv  into  the  cardiac  end  of  the  carotid  arierv 
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toward  the  heart  by  a  stream  of  warm  saline  solution,  and  at  the  same 

le  performing  cardiac  massage  and  artificial  respiration.    The  chances 

success  diminish  rapidly  with  the  lapse  of  time  after  cardiac  arrest; 

td  after  ^teen  to  thirty  minutes,  intracardiac  clotting  sets  an  end  to  all 

hope. 

Ittiracardiac  Injection. — E.  Heydloff,  igao,  advises  for  resuscitation  the  injection 
!  of  ihc  epincphrin  directly  into  the  heart  through  a  h>'Doderinic  needle  thrust  through 
^^-thc  t^iontcic  \vn\\. 

^V    Cardiac  DUaiion. — In  using  epinephrin  for  cardiac  stimulation,   the 
^Uose — or  rather  the  rapidity  of  injection — must  be  carefully  controlled  by 
^Pthe  state  of  the  heart.    Overdoses  of  epinephrin  kill  by  cardiac  dilation, 
I       with  pulmonary  edema.     The  tendency  to  this  increases  with  cardiac 
weakness.     It  may  sometimes  be  relieved  by  artificial  respiration  (Emer- 
son, 1907  .     Patients  with  cardiac  disease  generally  react  to  r  mg.  hypo- 
l       dermically,  by  extrasystoles  (D.  Roth,  1914).     Fatalities  have  occurred, 
especially  in  cardiac  disease,  from  0.4  mg.  hypodermically  (Fridericia, 

;     1915-) 

j  Danger  in  Cardiac  Insufficitncy. — In  this  clinical  condition,  injection  of  i   mg. 

I        nnenUy   produces   distinct    cardiac    dilation,    confirmed    by    radioscopy.     Normal 
uarts  were  not  chanted  by  this  dosage  (M.  Loeper  et  ul.,  igi8). 

Epinephrin  Pulmonary  Ed<ma. — This  occurs  more  readily  if  the  vagi  have  been 
dividrd,  or  if  asphyxia  is  present;  conversely,  artificial  respiration  tends  to  prevent  the 
octurrcnce  of  the  edema  (Gates  and  -Auer,  1917). 

In  poisoning  by  airdiac  dcprcaanti  {j.i-,  chloroform,  phenol  or  caffein)  the  intra- 
venous injection  of  epinephrin  will  remporarily  restore  hlood  pressure,  and  this  may  give 
the  heart  a  chance  to  recover.  But  if  the  blcK»d  pressure  is  raised  much  above  the  nor- 
Bul.  the  heart  may  stop  suddenly,  and  usually  irrecoverably;  and  this  may  occur  from 
<ii«5  of  epinephrin  which  would  be  quite  safe  in  healthy  individuals  (phenol,  Sollmann; 
''hJoroform,  Levy  and  Lewis,  1913;  Nobel  and  Rothbcrgcr,  1914). 

Epinephrin  on  Heart  Rale  of  Intact  Animals. — Epinephrin  tends  to  have  a  twofold 
action  on  the  heart  rate:  acceleration  through  direct  cardiac  stimulation;  and  slowing 
^^UQUEh  reflex  vagus  stimulation.  When  the  va^d  are  intact  and  in  good  tone,  ordi- 
n^'y  doses  of  epincphrin  invariably  slow  the  rate  (Meek  and  Eyster,  1915).  When  the 
^'*p»stonc  is  low,  quickening  may  result  (Hoskins  and  Lovclettc). 

lojection  of  epinephrin  may  render  the  heart  irrespoaeive  to  vagus  stimulation 
(KunxU  and  Kuno,  1915),  by  raising  the  muscular  excitability.  In  the  same  way  it 
roDoves  the  pilocar^n  slowing  and  weakening  in  frogs  (Ransom,  1917).  ^ 

Vigus  Effects. — ^The  vagus  stimulation  is  purely  central,  since  no  slowing  occurs 
*l>cn  the  vagi  arc  cut.  It  is  due  mainly  to  the  rise  of  pressure,  for  it  is  very  slight  if  the 
pfotsure  is  kept  from  rising  by  hemorrhage,  or  by  paralyzing  the  vasomotor  endings;  or 
!>)'* compensating  devise  (Brooks  ct  al.,  1918).  However,  there  is  some  evidence  that 
tile  vagus  center  is  also  stimulated  directly  (Bicdl  and  Reiner,  1898;  Verworn,  1903)- 
"Hiis  is  confirmed  by  the  slowing  which  may  occur  when  epinephrin  is  perfused  through 
tip  fDcduUar>'  centers  {¥..  D.  Brown,  1916).  Perfusion  of  the  medulla  of  turlJes.  how- 
«^^.  docs  not  seem  to  affect  their  heart-rate  (Bush,  1920). 

The  degree  of  slowing  varies  much  in  different  individuals,  but  it  alwa>'S  tends  to 
''•eo  the  nse  of  pressure,  and  this  mounts  much  higher  if  the  vagi  are  cut. 

y^Hus  Symergism  with  Afnrpkin. — Heinekamp,  1919  claims  that  the  epincphrin 
^OH-ing  is  generally  absent  unless  the  excitability  of  the  vagus  center  has  been  raised 

ftJorphin. 

A  ifcondary  increase  of  the  pulse  rate  is  sometimes  seen,  and  is  attributed  to  centra] 
ripheral  stimulation  of  the  accelerator  nerves  (Ncujean,  1905). 
irocardiogrami. — In  human  subjects,  normal  or  with  **irritable  hearts,"  0.5  mg, 
►hrin,  intramuscularly,  decreases  somewhat  the  height  of  the  T  wave.     The 
iction  time  is  not  altered  (Clough,  1919). 

Btftrocatdio graphic  studies  have  been  made  on  rabbits  by  F.  R.  Fraser,  1915. 

The  Vasoconstriction. — Epinephrin  is  the  most  powerful  vasocon- 
Inning  drug  known.  It  can  be  readily  shown  that  this  is  the  main  factor 
in  the  rise  of  blood  pressure,  for  the  organ  volume  and  the  outflow  of 
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blood  from  veins  are  diminished.  The  site  of  action  is  almost  entire 
peripheral,  for  the  rise  occurs  if  the  central  nervous  system  has  been  de- 
stroyed; the  perfusion  flow  through  excised  organs  is  slowed  or  arrestee 
(Bier,  1897);  and  even  rings  of  excised  artery  contract  if  placed  inepi- 
nephrin  solutions  (A.  B.Meyer,  1907).  The  vasomotor  center  is  not  usuall) 
affected  directly;  but  it  may  respond  indirectly,  generally  by  constriction 
to  the  increased  pressure;  occasionally  by  dilation,  when  the  increased 
blood  supply  relieves  a  preexisting  asphyxial  stimulation  (Pilcher  and 
Sollmann,  1915).  (Occasionally,  there  are  doubtful  indications  of  direct 
stimulation  of  the  vasomotor  center;  E.  D.  Brown,  1916).  j 

The  constriction  is  most  conspicuous  in  the  smaller  arterioles;  bl|| 
even  large  arteries  (v.  Frey,  1905)  and  veins  participate.  The  maximuAl 
constriction  occurs  in  the  splanchnic  vessels,  especially  the  kidneys;  and 
in  the  vessels  supplying  the  voluntary  muscles  and  mucous  membranes. 
The  constrictor  action  is  weak  in  the  coronary,  cerebral  and  pulmonary 
vessels;  and  in  the  intact  animal  these  vessels  are  passively  dilated  by  the 
displacement  of  blood  from  the  more  powerfully  constricted  areas.  Epi- 
nephrin  therefore  would  be  harmful  in  cerebral  or  pulmonary  hemorrhage 

The  arterial  muscle  remains  stimulated,  in  the  susceptible  vessels,  aA 
long  as  effective  concentrations  of  epinephrin  are  present.  Even  very 
large  doses  of  epinephrin  (7,000  times  the  effective  quantity)  do  not  paraj 
lyze  the  vasomotor  mechanism.  I 

Dilator  Action  of  Epinephrin. — This  is  the  predominant  response  of 
certain  vessels  (Cow),  but  may  also  occur  in  others  under  special  condi- 
tions, especially  with  very  dilute  concentrations;  late  in  the  course  of 
perfusions;  and  particularly  when  the  vascular  tone  is  already  high. 


J 


The  vasodilator  effects  observed  in  living  animals  arc  due  partly  if  not  solely 
direct  action  on  the  vascular  muscles;  for  they  may  occur  after  complete  degeneration 
n\  tlieir  nc^^*es(Ha^tmauet  al.,  191 7  and  1918;  Crrubcr,  191S;  Dale  and  Richards.  igiR). 
Hartman  ct  al.  believe  that  there  is  also  a  central  factor,  located  in  the  ft>Tnpathetic 
or  dorsal  root  ganglia.  This  interpretatiuD  is  not  accepted  by  Gruber,  and  Dale  and 
Kicbards. 

In  cats  the  dilator  reaction  is  dcx-eloped  to  the  full  degree  only  1 1  weeks  after  birtl 
(Ilarlman  and  Killjorn,  igiR.) 

Hrodie  and  Dixon  often  observed  that  the  vessels  were  dilated  by  epinephrin. 
the  freshly  excised  kidney,  suprarenal  causes  a  powerful  constriction;  but  some  tin 
after  the  excision,  it  dilates  the  vessels  (Sollmann,  1905).  The  same  phenomenon  w 
ob»er\'cd  in  the  postmortem  perfusion  of  the  dog's  leg.  In  the  car  of  the  Uving  rabbi 
the  constriction  is  also  followed  by  dilation  (Mcltzcr  and  Aucr,  1904).  The  vessel 
of  the  de-ncrvalcd  ear  dilate  with  doses  that  arc  constrictor  for  the  normal  car  (Engi 
loch,  1915). 

Ogawa,  iQia,  found  that  when  very  dilute  solutions  are  perfused  continuous^ 
through  kidneys  or  legs,  the  ronstriction  is  eventually  replaced  l>y  dilation;  increasiq 
ihc  concentration  again  produced  constriction.  Intestinal  vessels  dilated  dircctl; 
when  the  solution  was  sufficiently  dilute,  whilst  in  kidney  vessels  the  preliminai; 
constriction  was  relativelv  prolonged.  Relaxed  vessels  showed  a  greater  tendency  t 
constriction  than  those  with  good  tone. 

Increase  of  temperature  diminished  the  contractor  response,  and  at  41"  to  4S*C, 
reversed  into  dUalJon.  Frog's  vessels  do  not  show  dilation  with  dilute  solutions,  nor  witi 
increase  of  temperature,  but  only  in  the  absence  of  calcium  or  after  degcKeralioH  of  t' 
Hcrm  (Pearcc,  igt^). 

Cannon  and  Lyman,  1913,  find  tluit  in  living  animals,  small  doses  will  either  r 
or  lower  the  blood  pressure,  according  to  its  previous  level;  and  adduce  evndence  that  I 
lowering  is  due  to  a  direct  dilator  action  on  constricted  arterial  muscle.  The  fall  ocoul 
after  ergotoxin.  The  dilator  reaction  is  confined  mainly  to  the  peripheral  vessels,  fi 
the  fall  of  pressure  which  occurs  with  normal  cats  (0.003  mg.)  occurs  also  if  the  splandj 
nic  vessels  are  ligalcd,  but  is  replaced  by  a  rise  if  the  splanchnic  vessels  are  intact  and  tfal 
important  peripheral  trunks  ligatcd  (Hartmaim,  191 5).     He  therefore  supfxiscs  th* 
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vAHxliUtor  nerves  exist  in  the  peripheral  vessels,  but  not  in  the  aplanchnics.  The 
dilator  reaction  fails  i(  the  vessels  are  already  relaxed,  as  by  hemorrhage  or  depressor 
stimulation.  However,  Swct&cbnikofl,  IQ14,  on  isolated  rabbit's  ear,  observed  the  same 
oinslriction,  whether  the  pressure  was  high  or  low. 

Kpinephrin  sometimes  produced  also  a  central  vasaonstrUtor  effect  by  action  on 
tbc  •ivmpathetic  dorsal  root  and  mesenteric  ganglia  (Hartman  et  al.  191S). 

DohbU  Peak  of  Blood  PrrssMrc. — A  t)*pical  blood  pressure  cur^'e  after  large  doses 
ofepinephrin  (,^  to  i  c.c.  of  1: 10,000,  by  vein)  shows  tne  following  outline  (see  Fig.  15): 

The  5i%t  rise  (i)  is  due  essentially  to  the  peripheral  vasoconstriction  action.  The 
fintfall  (2)  is  interpreted  as  a  beginning  relaxation  of  this  peripheral  constriction.  The 
second  rise  (3)  has  been  attributed  to  stimulation  of  the  vasomotor  center,  superimposed 
00  the  residual  peripheral  vasoconstriction;  for  this  peak  does  not  occur  after  decapita- 
tion or  high  section  of  the  cord  {McGuigan  and  Hyatt.  iqi8). 

The  final  fall  (4)  is  probably  due  to  impurities  (weidleim,  191a),  presumably  mainly 
cholin  (Hunt). 

Effect  on  Venous  Pressure, — Capps,  191 1  and  1913,  found  in  animals  that  this  is 
oot  altered  by  small  doses;  it  rises  with  large  doses  which  embarrass  the  heart. 

Direct  Effect  on  Veins. — Gunnand  Chavassc,  1913,  showed  that  excised  veins  also 
rtici  by  construction,  although  this  docs  not  apply  to  all  veins  (Crawford  and  Twombly, 
I9M)-  Segments  of  the  superior  vena  cava,  near  the  heart,  enter  into  rhythmic  pulsa- 
lioQS.  (Active  contraction  of  the  veins  has  also  been  demonstrated  in  siiu  by  stimula- 
tionof  the  efferent  nerves;  by  reflexes,  and  by  asphyxlB  (Hooker,  1918). 


of  blood  pressure 
Pig.  is. — Diasram  cf  blood-pressure  phases  after  iolra venous  cpincphrin.    ^Sce  text.) 

Vessels. — These  are  markedly  constricted  on  perfusion,  in  mammals  and 
rezin,  1Q14),  as  also  in  intact  animals  (Burton-OpiLz,  10x3).  The  response  is 
;ater  than  that  to  electric  stimulation  of  the  nerves  (Maclcod  and  Pearce,  1914). 
ildmunds,  1915,  confirmed  the  constrictor  effect  on  excised  port.al  vein;  but  atlri- 
itu  the  changes  in  Living  animals  to  changes  in  the  general  venous  and  cardiac  pres- 
^n:,  since  the  volume  changes  of  the  liver  vary  in  mfferent  animals  and  with  other 
onditioDS. 

Antagonistic  Phenomena. — The  cpinephrin   constriction   is  prevented   by  drugs 

"hich  paralyze  the  receptive  substance,  namely  apocodcin  (Brodie  and  Dixon,  1904)1 

AQd  crgoto.\in  (Dale,  1905;  SuUmann  and  Brown,  1905).     Mutual  antagonism  exists 

*ilh  caffetn  (SoUmann  and  Pilcher,   1911)  and  with  nitrites.     The  pressor  effect  of 

'"^-r  mg.  of  epinephrin  is  neutralized  by  0.6  mg.  of  nitroglycerin  (Cameron,  1906). 

,;iOto.\in,  injection  of  epinephrin  lowers  the  blood  pressure,  because  the  vaso- 

'    '  tor  mechanism  is  paralyzed,  so  that  the  vasodilator  action  of  cpinephrin  on  the 

^^nglia  is  unopposed  (Hartman  and  Eraser,  1917). 

Differences  in  Special  Vessels. — There  is  no  question  as  to  the  typical  resMnsc  of 

-~'_ls  which  react  strongly  to  epinephrin;  but  there  is  some  difference  of  opinion 

!ii.'thcr  the  cerebral,  pulmonary  and  coronarj'  vessels  respond  by  slight  conslric- 

iation,  or  not  at  all.     In  intact  animals  they  are  certainly  dilated,  but  this  might 

'i  in  the  main  is,  passive.     The  question  can  be  solved  only  on  excised  organs  and 

:h  d  arterial  rings  by  the  method  of  A.  B.  Meyer.    The  literature  is  reviewed  by 

r.    1912.     The  histolugic  structure  does  not  affect   the  qualitative    response 

'  ''   'ur,  191J). 

i>tJcrcnHiil  Reailions  of  the  Arterioles  in  .inimals. — -Those  of  the  skeletal  muscles  are 
'^'^Urd  by  small  and  constricted  by  large  doses.  Those  of  the  skin,  bone,  spleen  and 
pcs&ibly  of  the  kidney,  are  not  dilated  by  any  dose  (literature  in  Hartman,  Kilbom  and 
r'faicr,  iQiS). 

Tbe  Coron&iy  Vessels. — .\rierial  rings  respond  by  dilation  in  most  mammals,  but 
"'>  '■-oLstrittinn  in  raan  and  monkcN's  (Barbour.  1912;  Barbour  and  Prince,  1915;  Park 
iftljancway,  191 2;  and  others).  Perfusion  of  the  arrested  heart  may  cause  cither  dila- 
te (Elliott,  1905)  or  weak  constriction  (Wiggcrs,  1909). 
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In  the  beating  hearit  the  coronary  flow  is  certainly  increased  in  most  species  of 
roals  (excised  hearts.  Wiggera;  Rabe,  1012;  Markwalder  and  Starling,  igi.?;  MorawitJ 
and  Zahn.  1914;  not  in  monkeys,  Barbour  and  Prince,  19:5)  on  account  of  the  pumnin>! 
action  of  the  contracting  cardiac  muscle.  In  the  intact  animal,  this  occurs  even  if  tht 
blood  pressure  is  kcnt  level  by  hemnrrhage  I  F.  Meyer.  1913*;  and  the  increase  would  bt 
still  greater,  if  the  blood  pressure,  and  therefore  the  coronary  pressure  are  allowed  tc 
rise  (Bond,  191 1).  The  heart-muscle  would  thiTeforv  be  better  nourished  and  thu-^ 
better  able  to  work  against  the  high  resistance.  A  vasoconstrictor  effect  on  the  com 
nary  vessels  can  be  discerned  in  the  exci^d  heart  only  with  doses  which  arc  too  small 
to,affect  the  cardiac  muscle  (Brodic  and  Cullis,  191 1). 

In  the  monkey,  however,  and  therefore  nrcsumahly  in  man,  the  conditions  are  dif- 
ferent. All  doses  slow  the  coronary  flow  of  the  excised  monkey  heart,  whether  this  is 
beating  or  resting  (Harbour  and  Prince,  1015)-  i 

Pulmonary  Vessels.— These  show  a  weak  vasoconstriction  (Plumier,  1904;  Wi|:gen| 
xgog;  Plumier  and  Clermont,  n;ii;  Tribe,  1912}.  According  to  Tribe,  negative  cflcctt 
(Brodic  and  Uixon.  1904;  Burton-Opitz.  1007;  Hcgcr  and  PhilHpson,  191  i;  Baehr  and 
Pick,  191  j)  arc  attributable  to  the  dilator  effect  of  the  chlorctone  in  certain  commerriol 
solutions.  Cow,  1911, and  Barbour,  1912,  found  that  the  reactionofartcrialringsvaried 
according  to  their  situation;  the  intrnvisccral  portion  of  the  artery  did  not  react;  the 
extra  visceral  portion  was  constricted.  4 

Macht,  1911,  deSf.-ribe!T  (Kjwcrful  constriction;  Berezin,  1913.  no  action  or  dilaticM 

Pulmonary  Circulation  in  Living  Animals. — Epinephrin  Ecnerally  causes  a  large  til 
of  pressure  in  the  pulmonary  arterv  (Wood,  Jr.,  1911K  Tne  response  is  complex,  ds 
pending  on  the  species,  as  well  as  dosage  and  other  conditions.  1 

With  rdhhili,  modtraSr  doses,  by  vein  mav  show  either  no  effect  on  the  pulmonary  cir- 
i*u1ation,  or  may  increase  the  pressure  in  the  pulmonar>'  nrterj*,  by  constriction  of  the 
pulmonary  arterioles.  With  mrjjc  dose,  the  predominant  contraction  of  the  systemic 
arterioles  hinders  the  return  of  the  blood  to  the  heart,  and  thus  lowers  the  pulmonary 
arterial  pressure.  The  effects  in  any  case  are  predominantly  vasomotor  (Sc 
and  Lim.  1819). 

With  do^s  and  fa/5,  with  fairly  large  doses,  the  cardiac  stimulation  lends  to 
dominate,  so  that  the  pressure  rises  in  l>oth  the  pulmonary  and  systemic  vessel 
rise  of  pulmonary  pressure  is  not  usually  due  to  displacement  of  blood  by  the  contr 
lion  of  the  sj'stemic  vessels,  as  has  been  suggested  (Anderes  and  Cloetta,  1916);  fo( 
it  may  lie  absent  when  the  systemic  vasoconstriction  is  strong  (Schaefer  and  Lim,  1919). 

The  increase  of  pulmonary  pressure  being  largely  cardiac,  the  volume  of  the  blooiJ 
in  the  lungs  increases  (Anderes,  1915)  and  the  pulmonary  circulation  is  quickened,  witii 
moderate  doses.     Large  doses  delay  the  nulmonary  circulation   time  (Langlois  on 
Deabouis,   191 3 1,  either  by  injury  to  the  neart.  or  by  constriction  of  the  pulmonal 
vessels. 

Pulmonary  Hemorrhage. — This  is  increased  by  epinephrin.     Due  to  tlie  higher  pm 
sure  and  quicker  circulation  in  the  lung  (E.  Frcy.  1909;  Wiggers,  1909). 

Cardial  Dilation. — When  this  occurs,  the  diminishe<i  efficiency  of  the  heart 
further  rise  of  the  pulmonary  pressure  with  falling  arterial  pressure  (Ualbon  and  NeppI 
iQii).     This  favors  the  production  of  pulmonary  edema. 

Cerebral  Vtsseh. — In  man,  small  doses  of  epinephrin  first  diminish  and  then  in 
the  brain  volume  (Raphael  and  Stanton,  1919).     The  dilation  is  probably  pos&i 

In  animals.  Wiggers,  1907  and  1914,  found  constriction;  Berezin,  1916,  oosen 
constriction,  hut  requiring  higher  concentration  than  for  {wripheral  vessels;  Dixon 
Halliburton  claim  dilation.  Cow  obser\'cd  slight  relaxation  of  arterial  rings.  Hef 
again,  there  is  undoubtedly  passive  dilation  in  the  intact  animal  (Biedl  and  Reinfl 
2905:  Neujcan,  1905).    The  vesseU  of  the  pia  and  retina  are  constricted  (Hirschfcldfli 

i9«5)- 

(The  cerebral  vessels  appear  to  have  a  much  stronger  vasomotor  control  in  man  tbi 
in  the  lower  animals;  for  hum.in  brain-plcthysmograms,  under  the  influence  o(  cmotio 
show  targe  oscillations  that  arc  disproportionate  to  the  changes  in  the  general  circulatit 
(Cavazzini.  191S). 

The  Renal  Vessels  and  Urine  Flow. — The  renal  vessels  appear  to  be  especially 
fiitivc  to  epinephrin,  being  constricted  by  doses  which  are  twj  small  to  affect  the  gcnei 
blood  pressure;  and  with  ordinary  doses,  the  renal  constriction  outlasts  the  pressq 
rise  (D.  Joncscu,  190S). 

Hoskins  and  Gunning,  1917,  also  confirm  that  both  depressor  and  pressor  doseai 
dogs  generallv  cause  contniction  in  the  kidneys  and  decreased  vein  flow,  the  thrcshd 
dose  being  about  the  same  as  for  blood-pressure.     This  vaso-constriction  dirainis 
or  arrests  the  urine  fiow. 

Gunning,  1918,  hnds  with  intravenous  injection  that  all  doses  diminish  the  uri] 
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flow.     This  persists  until  the  blood  pressure  returns  to  normal,  and  is  not  followed  by 
diuresis.     Presumably  the  anuria  is  vascular,  although  the  proof  is  not  complete. 

These  observations  contradicl  the  older  claims,  that  very  large  doses  dilate  the  renal 
vessels  and  thus  increase  the  urine  flow  (Bardier  and  Fraenkel.  x8qg;  Houghton  and 
Merrill,  1908).  Freshly  excised  kidne>-H  certainly  do  not  show  any  dilation  (Wig^crs, 
1907),  until  the  nerve  endings  are  killed  by  exposure  (SoUmann,  1905).  H\*podermic 
injections  of  cpincphrin  into  rabbits  (i-S  to  2.5  rag.  per  kilogram)  produces  a  strong 
diuresis,  lasting  several  hours  (Biberfeld,  1907).  This  is  independent  of  the  glycosuria 
(Konschcgg.  igii;  Clramenitzki,  1912).  From  experimt-nts  on  perfused  fresh  kidneys, 
Richards  and  Plant,  1917.  conclude  that  cpincphrin  has  a  constrictor  effect  on  the 
tflercnt  arteries,  and  thus  raises  the  glomerular  pressure. 

Excision  of  both  adrtnaU  \s,  followed  by  rise  of  the  blood-urea  and  diminished  urine 
output  nf  urea^  crcatinin  and  phlhalein;  thus  indicating  diminished  permeability  of  the 
kidneys.  This  occurs  even  with  normal  blood  pressure  I'Marshnll  and  Davis.  1916I. 
When  only  one  of  the  adrenals  is  excised,  the  accompanying  eflfects  arc  merely  those  of 
Lh«  injury  of  the  splanchnic  on  that  side:  Increase  of  water,  chlorid  and  urea,  with 
inged  phthalcin  and  creatinin  (idem,  1917). 

1914,  finds  a  direct  vascular  connection  between  the  suprarenal  medulla  and 
kidneys.    Through  this,  cpinephrin  could  reach  the  kidneys  directly,  and  thus 
linish  the  urine  flow,  without  its  existing  in  diacovera-ble  quantity  in  the  geneni 
streams. 
'essels  of  Frog  Foot. — The  local  application  of  epinephrin  antagonizes  the  dilator 
nof  sodium  barbital  (W.  Jacobi,  1920) 
Skin  Reaction  to  /-/i/VpArm.^The  intracutaneous  injection  of  epinephrin  (a  drop 
of  itoo.oool  produces  intense  blanching  and  "goose'liesh,  persisting  for  several  hours 
lUmann   and    Pilcher   1916).     Modifications   of    this  reaction  arc   said  to  occur  in 
iperthyroidism"  (Goctsch),  but  this  relation  is  doubtful  (Boas,  1919). 
CoHiiriction  oj  Cafnllurica. — The  blanching  of  epinephrin  occurbeven  if  the  circula- 
nof  the  skin  has  been  obstructed.     Cotton  rt  al,,  1916*  interpret  this  as  nn  action  on 
>illaries. 

An  action  on  the  capillaries  would  be  of  very  great  general  importance,  since  the 
Ruiimum  capillarity  capacity  may  be  750 greater  than  the  minimum  (Krogh,  1919). 
Circulatory   CondUinna   on   Pressor   Response   to   Xfinuir   Dosra. — The   response  is 
i^hfd  by  ether  anesthesia  or  hemorrhage;  and  increased  by  transfusion  (Rous  and 
^^ilc-.r.,  1919). 

Epinephrin  as  a  Local  Hemostatic. — The  powerful  vasoconstriction 
makes  cpinephrin  a  most  effective  agent  for  arresting  capillary  hemorrhage 
in  any  situation  10  which  it  can  be  applied  locally;  especially  in  nasal  and 
lan'ngeal  operations.  Solutions  of  1:15,000  to  1:1.000  are  used  for 
purpose.  The  dilutions  must  be  freshly  prepared,  since  ihey  lose 
nr  activity  in  a  few  hours.  The  action  persists  as  long  as  the  epineph- 
Tin  is  present;  but  when  this  has  disapp>eared,  there  is  often  secondary 
hemorrhage. 

Even  intravenous  injection  of  epinephrin  temporarily  diminishes 
liilary  hemorrhage  from  superficial  wounds  more  effectively  than  any 
ler  drug  (Hanzlik,  1918). 

Epinephrin  is  of  little  use  against  venous,  and  still  less  against  arterial, 
lorrhage  (Hanzlik,  1918). 


Hemorrhoids. — Epinephrin  may  be  used  in  suppositories;  x  mg.  (^o  gr.)  of  the  alka- 
"  in  J  Gm.  of  ThcrJiroma  oil. 

oa  Inflamed  Mucoss. — Epinephrin  gives  5>inptoinatic  relief  to  inflamed  sur- 

contracting  the  dilated  vessels.     It  is  thus  used  in  catarrhal  condition,  e.  g., 

cHvitis,  and  especially  in  hay  Jnrr.     It  is  best  applied  in  oily  solution  or  oint- 

itaining  \\q  percent,  of  the  free  alkaloid;  oil  prolongs  the  action.     Epinephrin 

Mn-irritant,  but  its  action  is  loo  brief  and  it  is  claimed  that  its  continued  use  has 

,**Wod  chronic  turRCsrence  of  the  mucous  membrane  (Potts,  1906;  J.  N.  Hall,  1911). 

Infintile  Paralysis. — Meltzer,  1916,  urges  the  intradural  injection  of  epinephrin.  to 

■*"  wui  cause  the  absorption  of  the  spinal  edema,  especially  when  the  respiratory 

is  threatened.     He  advises  3  c.c.  of  i  :i,ooo  solution.  ever>-  4  to  6  hours.    The 

m  has  been  tried  on  experimental  poliomyelitis,  with  beneficial  but  not  curative 
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restUts  (P.  F.  Clark,  191  j).     Clinical  trials  by  Fraser,  1914.  have  so  for  given  equi\'o< 
results,  but  they  were  confined  to  advanced  cases. 

Marie,  1913,  claims  that  epincphrin  neutralizes  the  antitoxins  of  tctanas  and  dipJ 
theria  in  vitro,  but  not  in  the  presence  of  hemoglobin.     It  has  been  tried  against  iu\ 
but  without  certain  benefit.     Kngel,  191 3,  claims  marked  effects  on  rat  tumors, 
entirely  explainable  by  ischemia. 

Cocain-epinephrin  Anesthesia. — The  addition  of  epinephrin,  in 
usual  concentration,  enhances  the  anesthetic  action  and  lessens  the  to; 
icity  of  cocain  (Braun),  by  delaying  its  systemic  absorption,  by  the  an< 
thetic  eflfeci  of  anemia,  and  seemingly  by  a  direct  synergistic  action. 

Eptnephha  and  Cocain  Synergism. — Cocain  sensHisu  to  tpinepkrin,  so  that  I 
mydriasis,  vasoconstriction,  etc.,  are  more  pronounced  and  this  with  doses  of  toci 
which  alone  have  no  sensible  effect  (Frdhlich  and  Locwi;  v.  Fishcl,  tgis) 

Epinephrin  on  Absorption. — Mcltzer  and  Auer,  1904,  claim  that  intravenous  : 
jections  rct;ird  absorption  and  transudation.  Van  Licr,  1907,  showed  that  the  absoi 
tion  of  sodium  iodid  from  hypodermic  injections  is  markedly  retarded,  unless  v< 
hypertonic  (^o  per  cent.)  solutions  are  injected.  The  local  effect  on  intestinal  absoi 
tion  is  inconstant  for  iodid,  but  more  marked  on  phenol  and  especially  alcohol  (Uanzlj 
iQio,  1912,  1913) 

In  non-corrosive  poisoning  (cyanid,  strychnin,  aconite,  etcjjona,  1913,  suggests  < 
administration  of  epinephrin  by  mouth  Tio  to  15  c.c.  of  i:i,oooJ  to  retard  absorpti 
This  would  need  to  be  supplemented  by  evacuation  and  chemic  antidotes.  It  is  pn 
ably  useless. 

The  Effects  of  Epinephrin  in  Internal  Hemorrhage.— Epinephrin 
practically  useless  in  internal  hemorrhage;  for  although  it  constricts  ( 
vessels  when  it  is  injected  intravenously,  it  also  raises  the  blood  pressui 
The  end  result  would  not  be  reliable,  and  often  harmful;  especially 
pulmonary  hemorrhage  (Frey,  1909;  Wiggers,  1909)  and  in  cerebE 
hemorrhages. 

In  intestiticl  hemorrhage,  the  results  of  Wiggers,  1909,  were  somewhat  more  pron 
ing:  after  a  momentary  increase,  the  hemorrhage  was  reduced,  and  this  effect  o 
lasted  the  rise  of  pressure. 

However.  Hoskins  and  Gunning,  1917,  find  that  small  doses  generally  dilate  the  iol 
tinal  vessels  (increased  volume  and  vein-outflow).  F.  A.  Harlman  and  McPhedran,  19: 
Also  confirm  this,  but  claim  that  stilt  smaller  doses  constrict  the  vessels  of  the  intcstia 
kidney,  and  generally  also  those  of  the  spleen. 

Spleen. — ^Hoskins  and  Gunning,  IQ17,  state  that  effective  doses,  in  intact  anim 
cause  first  a  brief  dilation,  followed  by  contraction  of  the  vessels.  The  threshold 
more  sensitive  than  that  for  the  general  arterial  pressure.  Rhythmic  contractioos 
the  spleen  arc  sometimes  started. 

Epinephrin  in  Circulatory  Collapse. — The  epinephrin  constriction 
able  to  restore  the  bloo<i  pressure  in  all  forms  of  vasomotor  deprcssic 
but  the  blood-pressure  of  shock  (anaphylaxis  or  peptone)  reacts  very  lit 
to  epinephrin  (Simonds,  1916).  Moreover,  its  action  is  too  fleeting 
make  it  of  much  use  in  any  but  purely  temporary  emergencies.  If  it 
used,  it  must  be  injected  intravenously,  drop  by  drop,  carefully  watch 
the  heart.    The  dangers  are  probably  greater  than  the  benefits. 

Subdural  lumbar  injection  is  recommended  by  Auer  and  Meltzer,  tpiS.  A  high  1 
of  blood  pressure  maintained  over  an  hour  is  produced  by  ^  c.c.  of  t:i,ooo  solutioa, 


Insxiftciency  of  Epinephrin  in  Shock  and  Oth^^r  Conditions. — This  isdi 
mainly  to  the  deficiency  of  volume  of  circulating  blood.  Other  conditio] 
in  which  the  pressor  response  to  small  doses  of  epinephrin  is  relatively  po 
are  hemorrhage  and  ether  anesthesia;  but  in  these,  large  doses  of  ep 
phrin  are  still  effective  (Rous  and  Wilson.  1919). 
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Clinical  Toxic  Symptoms. — The  local  application  or  hypodermic  injec- 
tion of  epinephrin  in  ordinary  doses  does  not  normally  produce  any 
symploms.  Not  infrequently,  however,  excitable  or  susceptible  r)atienls 
(ind  especially  those  with  advanced  Basedow's  disease)  respond  in  a  few 
minutes  by  tremors,  anxiety  and  nervousness,  palpitation;  precordial 
distress,  increased  rate  of  pulse  and  respiration;  rise  of  blood  pressure  and 
temperature,  and  sometimes  glyccmia  (Seifert,  Nebenwirk,  1915,  page 
234:  Hewlett,  1918;  Matsuo  and  Murakami,  1918). 

With  intravenous  injections,  there  is  danger  of  acutely  fatal  dilation  of 
the  heart. 


Epinepkrin  Test  of  **  Irritable  Heart,** — Susceptible  individuals  respond  to  the 
intmnuscular  injection  of  0.5  c.c.  of  t:ioooepinephrin  solution  by  a  "positive  reaction," 
connsting  in  a  rise  of  the  systolic  blood  pressure  or  pulse  rate  of  more  than  10  to  15 
poinis;  increased  pulse  pressure;  Bushing,  sweating,  tremor  of  the  hands,  restlessness, 
fflftcn  general  nrevousness.  Sometimes  the  blood  presstre  may  rise  30  to  40  mm, 
the  heart  rate  correspomlingly  quickened,  The  respiration  is  deeper,  with  un- 
"  rate.  Electrocardiograms  may  show  various  abnormalities. 
The  reaction  begins  in  about  1 2  minutes,  reaches  a  climax  in  about  ^i  hour,  and  is 
b&Hfaed  about  an  hour, 

Normal,  ^-i^orous  individuals  do  not  give  a  reactiou  with  this  dose.  Of  those  who 
ui  "constitutionally  inferior,"  with  "irritable  heart,"  neurasthenics,  those  easily 
htigued,  etc,  about  ^n  are  positive  and  '•j  negative  {Peabody  ct  al.,  iqiH). 

Fiital  Effects  in  ,!nima/5. ^Excessive  doses  of  epinephrin  produce  vomiting,  cxcile- 
nrat  debiuty,  bloody  diarrhea,  hematuria,  ascending  central  parab'sis,  great  fall  of 
taoperature,  occasionally  convulsions,  complete  prostration,  and  death  by  respiratory 
jprt)  or  cardiac  (.dogl  paralysis. 

'>bit£  show  multiple  pulmonary  hemorrhages,  probably  associated  with  cdenu 
Schmidt,  1Q19). 

T\it  fatai  dose  varies  considerably  (usually  o.i  to  0.6  mg.  per  kilogram  intravenously, 
ot:.;  to  10  mg.  per  kilogmm  hypodermically),  but  is  about  500  times  the    therapeutic 
•W.    A  noticcaolc  rise  of  bloon  pressure  can  be  seen  after  Visoo  ^^  ^^^  fatal  dose. 
Gttanin  is  said  to  lessen  the  toxicity  and  glycosuria  (Desgrez  and  DorleaoSi  1913). 
Atropin  is  also  claimed  to  decrease  the  toxicity  (Leo  Schmidt,  IQ19). 
Tht  toxic  effects  arc  the  result  of  the  peripheral  actions:  for  as  Cushny,  xpOQ,  has 
poiated  out.  the  ratio  of  activity  of  the  diuereat  isomers  is  the  same  for  the  toxic  as  for 
tbe  blood-pressure  ellerts. 

S^inefurin  Atheroma. — If  rabbits  receive  frequently  repeated  injectioos  of  large 
4o«s  of  epinephrin,  atheromatous  clianges  and  calcareous  patches  are  often  observed 
ia  the  aorta  (Josud,  1Q03)  and  other  large  vessels  (d'Amalo,  1005).  These  dcgcnera- 
boQsarc  never  seen  in  dogs  (Pearce  and  Stanton,  1906),  or  in  monkeys,  and  presumably 
•otin  man.  Dogs  also  give  negative  results  with  nicotin,  lead,  or  toxins  (.'\dler,  1914). 
^Identical  lesions  often  occur  spontaneously  in  rabbits  which  have  never  received 
)hrin  (.Miles,  1907,  Bennekc,  1908,  Hill,  1910,  etc.).  The  frequency  of  these 
ineous  lesions  varies  in  different  series  from  .^  to  30  per  cent.;  but  tliey  are  so  mark* 
!ly  more  frcnuent  after  epinephrin  treatment,  that  this  must  at  least  exaggerate  the 
ttniimcy  to  the  degeneration  (I.  Le\-in  and  Larkin,  1910).  Success  depends  on  fre- 
it-tition  of  the  epinephrin  rather  than  on  the  si^e  of  the  dose  (Fleisher,  1909). 
njury  has  been  attnbuled  to  high  blood  pressure,  and  to  direct  toxicity  by 
■iiiin.  The  older  experiments  undertaken  to  decide  between  these  views  (sum- 
by  I.  Adler,  iqo8),  did  not  take  account  of  the  spontaneous  occurrence  of 
ions  (M.  K.  Meyers.  1909;  M.  C.  Hill,  1911)  and  the  question  can  not  be  consid- 
:ltled.  The  toxic  theory  seems  the  more  probable;  although  Dixon,  1913,  still 
that  all  pressor  agencies,  when  repeatedly  applied,  produce  degenerations  of  the 
coat.  Tt  is  highly  doubtful  whether  these  atheromas  of  rabbits  have  any  relation 
lan  atheroma. 

roma  is  also  produced  by  feeding  cholcstcrin,  cottonseed  oil,  the  aldehydes  of 
adds,  hydrochloric  add  and  by  paracresol  (.\dler,  1914;  Denncy  and  Frothing- 

Epinephrin  Myocarditis. — Rabbits  also  often  show  chronic  myo-.  endo-,  and  peri- 
after  rej^K'ated  epinephrin  injections.    This  lesion — which  is  apparently  in- 
leni  of  tbe  atheroma — is  much  more  frequent  (60  per  cent.)  if  a  single  intravenous 
tion  of  epinephrin  (0.2  mg.)  is  combined  with  spartein  (12  mg.1,  ca£fein  (25  mg.), 
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or  stropbanthin  (ihese  drugs  never  cause  the  lesion  if  they  are  used  udthoul  the  cpincph- 
rin).  Tl»e  changes  in  the  heart-muscle  start  at  once,  progress  for  some  seven  (J.iv«, 
persist  about  six  weeks,  and  then  retrogress  completely  by  sixteen  weeks  fFlcL«.hrr 
and  Leo  Loeb,  iQog;  Stricklcr  and  Flcishcr.  tgio;  Christian  and  Walker.  igiO. 

Fleisher  and  Loeb,  igio,  altribute  the  lesions  to  "excessive  mechanical  strain.' 
from  excessive  contraction  of  the  muscle  fibers:  For  the  lesions  arc  situated  niainl> 
at  the  base  of  the  left  ventricle,  where  the  strain  is  greenest;  the  changes  are  analogous 
to  those  shown  by  striated  muscle  subjected  to  overexertion;  and  the  lesions  do  not  ap- 
pear in  the  rclati%x'ly  stronger  and  more  resistant  hearts  of  dogs.  H.  A.  Stewart,  igii, 
prefers  a  toxic  theory. 

Hearts  which  show  the  microscopic  changes  are  physiologically  inferior  to  the  nor- 
mal; they  are  less  able  to  cope  with  extra  demands;  and  the  animals  appear  more  A\y 
posed  to  edemas  (urat^ium)  and  to  bacterial  infections. 

Bronchial  Muscle  and  Use  in  Asthma. — The  bronchi  are  relaxed, 
especially  when  spasmodically  contracted,  by  stimulation  of  ihe  syro-  i 
pathetic  bronchodilator  endings.     Ephinephrin  is  therefore  often  vcn* 
efifective  in  asthma  {i  c.c,  i;i,ooo  hyijodermically,  Kaplan,  1905;  Mat- 
thews, 1910;  Hoover  and  Taylor,  1915;  v.  Jagic,  1916). 

The  bronchodilatation  has  been  confirmed  in  intact  animals  by  Januschke  ind 
Pollak,  1911,  and  others;  on  excised  lung  by  Baehr  and  Pick,  1913;  on  excised  UacbeJ 
muscle  by  Trendelenburg,  1912;  on  excised  bronchial  muscle  by  Titone,  IQ13.  Colli 
and  S>*mes,  1913,  find  differences  between  the  bronchial  and  tracheal  muscle,  anddiin 
thai  normal  bronchioles  are  constricted  by  minephrin,  and  that  it  dihites  only  wlieii 
the  bronchioles  arc  spasmodically  contracted  by  pilocarpin.  etc. 

Respiration. — This  changes  with  the  blood  pressure  (Nice,  Rnck  and  Courtrifhl. 
I0I4'-  It  becomes  deeper  but  irregular  during  the  rise  of  blood  pressure,  and  is  pofl- 
ally  arrested  at  its  height  (l^anglois  and  Garrelon,  1910).  In  man,  i  mg.  h>pod(rniuc- 
ally  is  said  (Fuchsand  Roth,  191 3)  to  increase  the  respiration  volume  by  S  to  94, 
50  per  cent.;  the  rale  being  unchanged  or  also  increased.  The  effects  on  the  pcifv 
respiratory  center  arc  variable  (K.  t).  Brown,  igi6). 

Vocgtlin  and  WiKgers.   1918,  tried  epincphrin  against  narcotic  depressioii  ai 
respiration,  with  doubtful  results. 

Intratracheal  Injection. — .Auer  and  Gates,  1916,  found  that  the  injection  of 
phrin  into  the  lower  trachea  produces  a  prompt  rise  of  blood  pressure;  prcaunubly 
aspiration  and  absorption  from  the  alveoli,     if  the  vagi  have  been  divided,  fatalp 
monary  edema  often  follows.     This  may  be  prevented  by  atropin 

Direct   Central  Actions. — Lumbar   injection   of  epinephrin   may  cause  mi 
spasm  and  tremor.     Injection  under  the  dura  or  into  the  substance  of  the  ccirt 
produces  an  apparently  natural  sleep,  tasting  two  to  five  hours,  with  regular  rcsfMnt 
and  reflexes,  and  fall  of  temperature  TBass,  1914).     Bass  does  not  believe  that  '^ 
effects  can  be  explained  by  vaijoconstriction. 

Action  on  Pupil. — Epinephrin  has  a  mydriatic  eflfect      This 
readily  in  frogs;  but  only  under  specially  favorab  le  conditions  in  mamniJ 

Conditions  Jot  titt  Occurrence  of  Epinephrin  Mydriasis  in  }fammals. — This  nuy 
procured  by  large  doses  intravenously.    With  local  application,  the  mydriatic  eflij 
may  be  obtained  if  the  oculomotor  tone  is  low  (weak  illumination,  W.  H.  Scbuttz,  i< 
if  the  absorption  is  hastened  (conjunctivitis,  H.  Straub,  1910);  or  if  the  excil 
of  the  sympathetic  is  increased. 

Such  an  increase  is  supposed  to  occur  in  Basedow's  disease  and  in  pancreatic  il 
cicncy.     O.  Loewi,    1907   and    1908,   accordingly  proposed  a   mydnatic   respooBC 
epinephrin  as  a  diagnostic  sign  in  these  diseases  (witn  certain  limitations).     Later  w( 
however,  showed  that  tlie  increased  mydriatic  reaction  occurs  in  all  types  of  h^-ji 
cemia;  and  that  it  can  therefore  be  prevented  in  pancrcatcctomized  dogs  by  I01 
the  blood-sugar  through  phlorhizin  (A.  Loewy  and  Rosenberg,  1914)- 

The  mydriatic  response  to  epinephrin  is  also  obtained  a  few  days  after  cxdsaafij 
the  superior  cer\'ical  ganglion  (Meftzer  and  Auer,   1904;  Joseph,   191 2;  Githen&_ 
Meltjurr,  1016),  or  after  removal  of  the  ciliary  ganglion  (Joseph.  1915)-    This  may 
wise  be  attributed  to  increased  excitability  of  the  sympathetic  distribution,  ftCCODJ 
ing  the  degenerative  changes  which  follow  the  excision  (H.  Straub,  1910).     An 
increase  of  excitability  in  degenerating  structures  to  epinephrin  occurs  in  the  1 
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fTiellzer  and  Auer,  1903;,  and  in  other  organs  (Elliot,  1905);  also  in  skeletal  muscle  on 
ilcgeneration  of  the  sciatic  nerve  (Langlcy,  1905;  Edmunds  and  Roth,  iqoq). 

G,  \.  Stewart,  Rogofl  and  Gibson,  191O,  find  the  mydriatic  responses  of  the  dencr- 
vitol  pupil  the  most  sensitive  and  reliable  le^t  for  the  discharge  of  epinephrin;/.i.  on 
stitnulation  of  the  peripheral  end  of  the  divided  splanchnic  nerves. 

Smsiiivenrss  of  Different  Mammais. — After  excision  of  the  superior  cer\-ical  ganglion, 
(Its  arc  less  sensitive  than  rabbits  to  the  mydriatic  action  when  the  epinephrin  is 
instilled  into  the  eye;  but  they  arc  more  sensitive  to  intravenous  injection.  However, 
tbc  response  is  more  lasting  in  rabbits  fMeltzcr),  On  the  other  hand,  the  blood  pressure 
TUDQiLse  on  intravenous  injection  is  greater  in  rabbits  than  in  cats,  both  as  to  height 
«[ia  duration  (Githens,  1916). 

Uc^ilizdUion  of  Afydriatic  Action. — Lewandowsky,  1898,  showed  that  the  mydriatic 
effect  occurs  after  degeneration  of  the  sympathetic,  so  that  the  action  must  be  peripheral 
lo  the  endings  (i.e.,  on  the  receptive  substance). 

The  excised  sphincter  of  the  mammalian  iris  is  also  relaxed  by  epinephrin.    This 

is  counteracted  by  physostigmin,  with  mutual  antagonism  (Joseph,  IQ15,  191 7I.     Pilui- 

Ury  also  counteracts  the  mydriasis  in  intact  animals  iGithens  and  Sleltzer,  1917). 

Other  Evidrniej  of  Ocular  Sympalhetic  Stimulaiion. — The  mydriasis  Is  iiccompanied 

bysepHration  of  the  lids,  protrusion  of  the  cyebaU,  and  withdrawal  of  the  nictitating 

membrane. 

Intraoatlar  Tension. — According  to  Rupert,  igog,  this  is  first  lowered,  then  increased. 

Mydrialir   Reaction  in  Frogs. — Frogs  arc  especially  susceptible  to  the  mydriatic 

Ktion;  and  this  may  be  produced  by  systemic  application  fi  c.c,  i:  100,000  into  lymph 

«ci  .1$  well  as  in  the  enucleated  eye  ( 1 :  .>,ooo;  Meltzer  and  .\uer,  1904;  Meltzcr,  1009K 

The  dilation  h  prompt  and  pcrMstenl.  submaximal.  indifferent  to  light. 

Epinephrin  \fioiis. — After  repealed  injcetionb  or  lociil  instillations,  epinephrin  may 
produce  constriction  of  the  pupils,  in  mammals.  This  altered  response  is  attributed 
toa  change  in  the  pupiltodimtor  muscle  (Kato  and  Watanabc,  1930). 

Spleen. — This  apparently  may  respond  either  by  relaxation  or  contraction.  Hart- 
Dan  and  Lang,  igig  (literature),  obtained  active  dilation  bv  action  on  the  dorsal 
rnot  ganglia,  semilunar  ganglia  and  some  terminal  structure  in  the  spleen;  and  constric- 
tion by  ganglionic  or  more  peripheral  action. 

Action  on  Intestines. — Peristalsis  is  inhibited  and  the  tone  relaxed  by  an  action  on 
'Jir  myoneural  junction  (sec  general  section  on  Autonomic  Poisons).  Very  dilute  solu- 
iioas  increajic  lite  contractions  (Hoskins,  1913). 

The  ileO'C/tlic  sphinrler  differs  from  the  ordinary  intestine,  being  contracted  by 
fprncohrin  or  splanchnic  stimulation  (EUiot,  1904). 

■  li  Stomach. — This  is  relaxed  in  most  mammals,  but  contracted  in  some.     The 
j. hinders  are  alwaj-s  contracted  (M.  Smith,  igi8). 
Uall-bladder. — This  is  relaxed  (Lieband  McWhorter,  1915). 

Action  on  the  Uterus. — The  cffecLi  correspond  to  stimulation  of  the  hypogastrir 

r,.  ral  section  on  Autonomic  Poisons  i;  in  pregnant  cats  it  produces  controc- 

■legnant  cats  relaxation  (Cushny,  Kchrer,  Dale);  in  non>prcgnant  guinea 

1;  in  dogs,  contraction  followed  by  relaxation;  in  rabbits,  increased  tonus 

Sur\nving  human  uterus  is  stimulated  (Ruebsaraen  dnd  Kligermann, 

r  pregnant  or  not  (Lieb,  1915J.     The  Fallopian  tubes  are  also  stimulated 

.p-iiun  (Gunn,  1914). 

'  j>hrin  could  be  used  locally  to  arrest  postpartum  hemorrhage;  not  intravcn- 
i«-  increased  blood  pressure  would  increase  the  bleeding. 
Epinephrin  Inhibition  by  Pituitary  Extract. — The  uteri  of  guinea  pigs 
(inuiiant  cats  are  ordinarily  relaxed  by  epinephrin.  If,  however,  they  are 
ud  with  pituitary  soUition,  the  epinephrin  proauces  conlraclion.  The  difTcr- 
rhc  normal  response  of  different  uteri  lo  epinephrin  may  therefore  depend  on 
nt  of  pituitary.  This  sensitizing  action  seems  to  be  in  the  peripheral  nervous 
m,  and  not  in  the  muscle  itself  (Cow,  tpio) 

"a;  Male  Gcneraiive  Organs. — The  effects  arc  similar  to  those  on  the  uterus 
fiun  on  Autonomic  Poisons  for  details). 
£zciied  Ureter. — Epinephrin  (i:  500,000)  increases  the  rate  and  tone,  or  starts  the 
<D0tiaction5.     The  effect  is  reversed  by  ergoloxin  (Macht,  igi6). 

The  response  of  the  epinephrin  isomers  differs  only  quantitatively,  the  Icvo  being 
JDuch  more  stimulant  than  the  doxtro  (Macht,  191S). 

Vrincry  Bladder. — This  was  discussed  in  the  general  section  on  Autonomic  Poisons. 

Effect  on  Secretioos. — Epinephrin  may  provoke  secretion  of   the  salivary  and 

kdBytnal  glands  fLangley.  1901);  and  of  the  skin  glands  of  frogs  (Ehrmann,  1905). 

ThmK  vrould  not  be  suppressed  by  atropin.     The  increased  secretion  of  Uie  submaxillary 

/4andi  U  accompanied  by  increased  blood  flow  (Solem  and  Lommen,  1915).     In  most 
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glunds,  however,  accretion   is  diminished  or  arrested   through  the  vasoconstriction. 
This  is  notably  the  cose  with  panrreatic  secretion  iBenedicenti,  1906;  Edmunds,  igog) 

This  is  apparently  due  to  diminiiihed  blood  supply;  for  the  volume  of  the  paacrea^ 
is  decreased  even  by  small  doscSt  and  independently  of  the  general  blood  pressure 
(Mannis  McLachlin.  1917). 

Sufcat. — This  is  increased  in  animals  (Muto.  io<6).  (He  finds  thai  the  sweat  gUnd* 
arc  inner\*ated  by  both  the  sympathetic  and  i)arasympalhctic.  The  sympathetic  pre 
dominates  in  horse  and  sheep;  whereas  man,  cattle  and  cats  are  more  subject  to  tiw 
parasjTnpathetic. ) 

The  action  is  peripheral,  for  Dieden.  1916,  found  that  the  injection  of  cpincphrininl* 
a  cat's  paw  produces  sweating  when  the  sciatic  or  posterior  nerve  roots  oavc  been 
divided.     Injection  at  a  distance  or  intravenously  was  ineffective. 

BiU  Secretion. —  Downs  and  Eddy,  1910,  claim  that  this  is  increased  byepinephrio. 
Confirmation  is  needed. 

Cerebrospinal  Fluid. — The  secretion  is  not  affected,  the  pressure  varying  mertly 
with  the  blood-pressure  changes  (Dixon  and  Halliburton,  1915}. 

Lymph  Secrfliov. — The  thoracic  lymph  flow  increases  parallel  to  the  rise  of  arterial 
pressure;  the  eiTtct.  therefore,  being  apparently  circulatory  (Yanagawa.  IQ16). 

Skeletal  Muscle. — ICpinephrin,  when  applied  to  excised  skeletal  muscles,  hasp 
tically  no  effect  on  their  contraction,  even  in  concentrations  up  to  i :  15,000  (Kum||| 
1915;  Taltayasu,  roi6)-  However,  the  injection  of  epinephrin  into  living  inirr  ' 
increases  the  efficiency  (height  of  contraction  and  irrilabihly;  nf  their  muscles,  ' 
increase  persisting  after  the  muscle  is  excised  (Oliver  and  Schaefer,  1895).  The 
provement  is  particularly  marked  if  the  muscles  fof  rats)  had  been  previously  fatigufil» 
ur  weakened  by  acids  (Gruber,  1914;  Gruber  and  Kretschmer,  iQiS).  The  cpinephrift 
effect  is  also  noticeable  when  post-mortem  changes  have  started  (Gruber  and  Fellow* 
1918). 

The  increased  efficiency  is  probably  an  indirect  effect  of  the  epinephrin,  attribu 
to  improved  circulation  through  the  muscle  whilct  this  is  still  in  ihe  body  (Caooonftiidj 
Nice,  igiO;  Hoskins  vi  al.,  igi6;  Gunning,  1917). 

The  rrratin  UyrnuUion,  which  is  considered  an  index  of  a  lonir  function  of  sketcul 
muscle  controlled  by  the  sjTnpathctic  system,  is  increased  by  epinephrin,  even  add 
curare  flUesser,  1916) 

\crve  trunks  are  not  affected. 

The  pi&meni  cells  in  the  frog's  skin  arc  contracted  into  spheres  (Lieben,  i9o6K 
This  also  occurs  in  the  melanophures  of  fishes,  the  effect  being  reversed  by  ergotorii 
(Spaeth  and  Barbour,  tgi?). 

Epinephrin  in  Annelids. — Chromaphil  material  exists  in  the  ganglia  of  a  number oi 
species,  including  the  earthworms  and  leech.  Thew  possess  vascular  systems  ubn* 
contractions  arc  accelerated  by  epinephrin  (Gaskell,  1919). 

Protozoa. — The  pulsations  of  the  variolcs  of  Paramecium  arc  accelcmted  by 
nephrin,  pituitary  and  pineal  extracts  (I-Valher,  igig). 

Bpinephrin  Hjrperglycemia  and  Glycosuria. — The  injection  of  lErgtf 
doses  of  epinephrin  (much  beyond  the  Lheraf>eutic)  into  .animals  produces 
marked  h>'p>crglyccmia  and  glycosuria  by  converting  the  hepatic  glyco^n 
into  sugar.  The  effect  is  analogous  to  asphyxial  glycosuria,  (habctic 
puncture,  or  stimulation  of  the  hepatic,  splanchnic  or  sensory  nerves;  &U 
acting  probably  on  sympathetic  nerves  controlling  tlie  glycogenic  fun' 
tions. 

In  human  subjects,  clinical  doses  of  epinephrin  (i  mg.  hypodcnnically] 
do  not  produce  glycosuria;  but  it  increases  the  sensitiveness  to  aliine' 
tary  glycosuria   (Landau,   1914);  and  in  epinephrin-sensitive  paticnu 
produces  h>'perglycemia. 

Clinical  Response. — In  cpincphr in-sensitive  patienLt,  the  intramuscular   inject 
of  0.5  mg.  increases  the  blood  sugar  to  0.045  pc  cent.,  whilst  in  "negative"  pati«W 
it  is  0.03  per  cent.   TPeabody  et  al.,  iqiS).     The  hvperglvcemia  is  accompanied  ' 
decreased  resen-c  alkali  in  ihc  blood  (Peters  and  Geyelin,  1917). 

Hi.^toricai. — The  occurrence  of  glycosuria  after  hypodermic  injection  of  lai 
of  epinephrin  was  discovered  by   F.   Blum,   1901.     Intravenous  and  intrai 
administration  are  less  effective,  even  if  larger  doses  are  u«ed  (Pollak,  J909;  I7i 
iQii).    The  phenomenon   was  investigated   by   Herter  and   Wakcman.    1902, 
Paton,    1903,  and  many  later  obscr\'era.     An  extensive  discussion  of  the  Utcul 
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^S  gpven  by  G.  M.  MacKenzic.  1917-     The  glycosuric  action  of  other  sympaihomimtiic 
drugs  is  described  by  Morita.  ipiS* 

Medianism  of  the  Glycosuria. — The  glycosuria  is  generally  proportional  lo  the 
hyprrglyccmia  (Oramenitzki,  iQt?).  It  is  not  asphyxtal.  The  hyperglycemia  occur* 
e\'cn  after  exdsion  of  the  kidne>'s  (Zuelzer,  ipoi;  Metzger,  IQ02),  showing  ilmt  it  is 
not  renal. 

There  is  conclusive  evidence  that  the  glycosuria  is  due  lo  increased  glycogenotysis 
^^;«  the  liver.  The  degree  of  hyperglycemia  and  glycosuria  depends  upon  the  glycogen 
^wCDDtent  of  the  animal;  they  are  more  intenM  in  well-fed  animals  (Vorburgh  and  Rich- 
^Btnls  1Q03),  or  in  animals  rich  in  glycogen;  and  conversely  there  is  no  glycosuria  in 
animals  whose  glycogen  hHi>  been  completely  removed  by  phlorhizin;  and  an  existing 
pUorbizin  glycosuria  is  not  increased  by  epincphrin  (Kingcr,  iqio). 

The  evidence  for  the  hepatic  origin  of  the  sugar  is  also  convincing.  The  blood  of 
the  hepatic  vein  contains  more  sugar  than  that  of  the  portal;  sugar  formation  is  increased 
on  perfusion  of  the  excised  liver,  and  conversely,  there  is  no  glycosuria  when  the  func- 
lioaiof  the  liver  have  been  injured  by  phosphorus  (E.  Frank  and  Isaac,  191 1). 

Hahituatitm. — The  glycosuria  response  diminishes  and  finally  disapjKars  on  con- 
tioocd  administration  of  epinephrin,  in  proportion  lo  the  exhaustion  of  the  glycogen 
store.  H>'perglyccmia  persists  somewhat  longer  than  the  glycosuria,  so  t"hal  continued 
injection  01  epincphrin  evidently  decreases  the  permeability  of  the  kidneys  for  glucose 
iPotlak,  1909,  iQii,  Konschegg,  1Q13);  perhaps  by  vasoconstriction.  At  this  stage, 
(iiibctic  puncture  also  produces  only  hyperglycemia,  and  not  glycosuria.  Phlorhizin. 
bowevcr,  still  causes  glycosuria  fBitJcrfcId,  iqi6). 

Paralielism  of  Vasoconstriction  and  Glycosuria. — The  results  of  Straub.  IQ09,  and 
Ritunann.  1000,  show  that  both  effects  are  strictly  parallel,  and  pro[x)rtional  to  the 
nitf  of  injection  (intravenous).  Smaller  doses  suffice  for  the  glycosuria  than  are  re- 
ouirtd  for  the  rise  of  blood  pressure  (Gramenitzki,  ipi2);  and  Ransom  believes  thai 
ue  pressor  and  glycosuric  action  are  connected  with  difierent  groups  in  the  molecule. 
i«.  supported  by  the  observation  that,  with  partial  oxidation  of  epincphrin,  the 
lycosuric  action  is  lost  first  (Mcliuipan  and  Mostrom,  ipr.^)- 

Interfering   Factors. — Kpinephrin    glycosuria    is    prevented    by   ergotoxin    (Locwi) 

Irhich  lessens  the  h>'pcrglyrcmia  and  also  the  (wrmeability  of  the  kidney  for  sugar 

Pnt  not  for  chlorid;  Miculicich.  igis).     It  is  also  prevented  by  nicotin  (Ilirayama, 

11);  by  lymphagogues  (peptone,  hirudin;  Miculicich);  and  by  repeated  hemorrhage 

^  nko,  1Q12).     Urcthanc  increases  the  activity  fUnderhill.  1911). 

Epinephrin   glycosuria   is  suppressed   by   antipyretics   (Starkenstein).     Since   the 

rglyccmia  is  not  diminished,  the  action  of  the  antipyretics  must  be  on  renal  per- 

bitity  (Mansfield  and  Purjesz,  1015). 

Relation  of  Adrenals  to  Other  Glycosurias. — Removal  of  the  adrenals  prevents  the 

ttsuij  glyct»suric  response  to  diabetic  puncture  (A.  Mayer),  thcobromin  (Miculicich, 

tQizland  splanchnic  stimulation  (Maclcod  cf  a/.,  IQII,  IQ13).     This  seems  to  indicate 

thftt  these   glycosurias  occur  through   the  mediation  of  the  adrenal  glands.     Later 

k,  however,  indicates  that  these  results  were  the  result  of  shock.     Stewart  and 

ff.  IQ18.  ipzo,  abolished  practically  the  total  epincphrin  output  by  removal  of 

adrenal  and  denervation  of  the  other.     This  had  no  eHect  on  the  liver  glycogen; 

did  it  interfere  with  the  production  of  hyperglycemia  by  diabetic  puncture  ether  or 

yxia.     Also,  they  could  find  no  evidence  that  diabetic  puncture  increases  the  output 

wioephrin. 

Suprarenals  and  Pancreas. — The  fact  that  both  glands  may  aflcct  the  sugar-mel- 
tbolbn  led  to  theories  of  a  special  inter-relation  between  them.  These  lack  all  real 
foundation.  The  glycosuric  mechanisms  of  epincphrin  and  of  the  pancreas  arc  abso- 
ly  different;  the  epinephrin  lacking  entirely  the  metabolic  disturbances  that  are 
ctcristic  for  pancreatic  diabetes — the  inability  to  use  sugar,  the  altered  urea- 
'ttUDonium  ratio  (Underhill  and  Clos.son,  1906;  Rosenbloom  and  Weinberger,  19x3); 
tbe  increase  of  acetone  substances,  etc. 

Neither  Is  there  any  otJier  good  evidence  for  the  theory  of  Eppinger,  Falta  and 
"inger.  190Q.  that  epincphrin  inhibits  the  internal  secretion  of  the  pancreas.  The 
rvation  of  Zuelzer,  that  injcclion  of  pancreas  abolishes  the  epinepnrin  glycosuria, 
can  be  explained  simply  by  irritation  (presumably  reflex  spasm  of  the  renal  vessels);  for 
the  same  results  follow  the  intraperitoneal  injection  of  simple  irritants,  such  as 
turpentine  (Fuerth  and  Schwartz,  loii).  Removal  of  the  pancreas  has  no  definite 
effect  on  vasomotor  irritability;  nor  is  there  any  other  good  evidence  that  the  pancreas 
normally  exerts  a  depressing  influence  on  tlic  sympathetic  systcrn  (Hoskins  and  Gunn- 
ing. igi6). 

Removal  of  the  adrenals  results  in  changes  of  the  pancreas;  but  these  are  attributable 
to  I  he  low  blood  pressure  and  other  adynamic  phenomena  CMann  and  Drips,  1915). 
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Some  of  the  earlier  work  on  eplneplirin  glycemia  was  done  by  painlius  ihc  pj 
with  the  drug;  and  it  was  supposed  tliat  there  was  a  direct  artion  on  this  organ.  Thi 
was  erroneous,  for  no  effect  is  obtained  unless  there  is  absorption  of  the  epincphrii 
from  the  peritoneal  cavity  (Kleiner  and  MclLzer,  1917). 

Gaseous  Metabolism. — This  15  invariably  increased  by  intramuscular  injection 
therapeutic  doses  (^  c.c  of  i :  t,ooo)  in  man.  In  normal  subjects,  the  increase  is 
than  15  per  cent.;  in  those  who  are  hypersensitive  to  cpinephrin,  it  exceeds  20  per 
The  respiratory  quotient  often  rises  (Peabody  et  ai..  iqi^',  Tompkins  et  ai.^  igi 
There  is  no  relation  between  this  reaction  and  thyroid  discabe  (Sandifurd,  1920;  Bootbl 
and  Sandiford,  1920)- 

Thc  increase  is  apparently  not  due  to  excitement,  but  more  probably  to  the  hypcl| 
glycemia,  or  improved  circulation.  Wilenko,  iqiji,  claims  that  cpinephrin  increase^ 
the  consumption  of  glucose  in  the  perfused  heart;  and  believes  that  the  glycosuria  is  dui 
to  some  indirect  disturbance  of  the  consumption  of  sugar.  This  conclusion  woult 
require  more  experimental  evidence.  Lusk,  1914,  finds  that  it  does  not  influence 
oxidation  of  ingested  glucose,  nor  protein  metabolism. 

Heat  Regulation.— Excision  of  the  suprarcnals  lowers  temperature  (Hultgrcn 
Andersson,  1H9H);  while  the  injection  of  cpinephrin  (and  other  mternal  secretions  1  p 
duces  fever  (F'reund  and  Marchanri,  rgij).  Hirsch,  1Q13,  found,  presumably  urn 
different  conditions,  that  the  injection  of  epinephrin  or  pancreas  lowers  temperature 
decreasing  heat  production.  Cloctta  and  Wascr,  1915.  describe  rise  of  brain  tempei 
turc  and  cooling  of  skin,  with  0.2  mg.  in  rabbits,  intravenously.  Intracerebral  ini 
lion  acted  similarly.     The  rise  was  not  prevented  by  ergotoxin. 

Nitrogen  Metabolism. — Epinephrin,  by  vein  or  hypodermically,  has  littJc  or 
influence  on  the  nitrogen  excretion   (Kraus  and  Hirsch;  Puest.   looS;  Lusk,    101- 
In  dogs,  large  doses,  hypodermically,  increase  the  excretion  of  uric  acid  and  especiallyi 
allantoin  (Falta,  1914). 

L'rea  fixcrtfion. — Addis  r/  aJ.,  1918,  believe  that  the  h>'podermic  injection  of 
ncphrin   into   rabbits   increasc>i   the   urea-excretion  capacity.     Maximal   doses,    hoi 
ever,  diminish  the  output.     The  efficiency  is  smaller  if  the  urea  concentration  of 
blood  is  high. 

They  l>elieve  that  the  increase  is  not  related  to  the  circulatory  changes,  and  suf 
a  "  sytnpathetic  receptive  substance  "  in  the  kidney  cells.  They  also  c^im  antagoi 
with  epuiephrin. 

Further  work  is  needed  to  make  the  conclusions  convincing. 

Coagulability  of  the  Blood. — This  is  not  affected  by  the  direct  addition  of  epinepl 
but  when  cpinephrin  n  injected  into  an  animal,  the  coagulation  time  is  shortened 
small  doses  (0.002  mg.  per  Kg.)  and  retarded  by  large  doses  (0.05  mg,);  (Cannon 
Mendcnhall,   1914).     It  the  abdominal  organs  were  removed  from   the  circulatlt 
these  eHccts  do  not  occur,  so  that  the  cpinephrin  acts  presumably  on  the  liver 
Crabfeld.  1916.  iinds  that  the  increased  coagulabili  y  with  small  doses  is  due  to  incrcj 
prothrombin;  and   Howell,    1914,   refers  the  dimmished  coagulability  after  mas 
doses  to  diminished  prothrombin,  analot;ous  to  hemophilia. 

Polycythemia. — Intravenous  cpinephrin  injection  raises  the  blood-count  by  du 
ishing  the  volume  of  plasma  (Lamson  and  Keith,  1916  Bainbridge  and  Tre\'aTs). 
increase  of  erythrocytes  does  not  occur  if  the  hepatic  artery  is  first  ligated,  but  set* 
when  the  ligature  is  removed  (Lamson,  1916).    This  indicates  that  the  action 
through  the  liver. 

Hemolytic  Action. —  Epinephrin  is  strongly  hemolytic  for  beef-blood  and  to  a  U 
degree  for  other  animals.     It  also  produces  methemoglobin.     5ierum  weakens  the  a( 
(Kariga  and  Tanaka,  igw  and  iQijl). 

Interrelation  of  Internal  Secretions.— There  can  be  little  doubt  that  tJ 
functions  of  the  various  endocrine  glands  are  interrelated,  just  as  are 
the  other  functions  of  the  body.  However,  the  subject  is  as  yet  but  litt 
understood;  and  superficial  speculations  have  far  outrun  the  slender  po( 
live  knowledge. 

As  concerns  cpinephrin,  there  is  apparently  some  sensitization 
thyroid  secretion:  the  suggested  relations  with  the  pancreas,  pituitary,  eti 
have  not  been  confirmed. 

Thyroid  SensUisatioH  of  Epinephrin. — Thyroid  secretion  does  not  produce  any  dil 

changes  in  the  caliber  of  the  blood-vessels,  but  sensitizes  them  10  the  prrssoi 
epinephrin,  as  also  to  the  dilator  action  of  depressor  nerve  stimulation. 
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iQio  and  iQii;  Santessan,  iQii.xgxS).  The  action  is  produced  In  perfused 
organs  (Asher,  19x6)  and  is  therefore  peripheral,  presumably  on  the  myoneural 
junction. 

The  augmentor  action  of  epinephrin  on  the  excised  mammalian  heart  is  also  sen- 
siliecd  by  thyroid  (Ashcr  et  ai.  1916);  but  the  vagus  etcitability  is  not  aflected  (R.  L. 

y,  191S),  since  it  is  parasympathetic. 

The  seniiitization  occurs  on  the  injection  of  thyroid  extract  (Asher  and  Flack); 

lod thyreoglobulin  {Oswald,  1Q15,  Listing  i?hj  hours);  and  of  KcndalKs  crystalline 
e  compound  (Lcv>');  but  not  after  iodlhyrin  CAshcr  and  Flack). 

It  may  also  be  produced  b>'  stimulatinR  the  thyroid  secretion  through  the  superior 
Uprn;^  nerve  (Asher  and  Flack),  or  through  the  ccrNncal  sympathetic  (R.  L.  Levy, 
W16). 

The  sensitization  does  not  extend  to  other  effects  of  epinephrin;  for  instance,  it  does 
Dot  sensitize  to  the  pupillo-dilator  action;  nor  to  the  accelerator  response  (Levy). 

There  is  no  reUaoie  evidence  that  thyroid  injection  or  depressor  stimulation  alters 
tht  secretion  of  epinephrin;  the  statements  of  Glcy  and  Quingunno,  igii,  and  Richards 
Aod  Wood.  IQ15,  date  before  the  introduction  of  adequate  methods. 

Efituphrin  on  Tkyraid  Glands. — The  thyroid  vessels  are  highly  sensitive  to  ronstric- 
tioB  by  all  doses  of  epinephrin  (Gunning,  1917). 

Cannon  and  Cattell,  1916,  find  some  evidence  of  stimulation  of  the  thyroid  (action- 
current)  on  the  injection  of  epinephrin  and  by  splanchnic  stimulation. 

E^n^pkrin  Sensitivity  as  Test  for  Thyroid  Diirasc. — ^The  quantitative  reactions  of 
tlic  skin,  of  metabolism,  etc.,  to  epinephrin  have  been  proposed  as  tests  of "  hyper- 
tiiyroidism."     However,  no  constant  relations  have  been  established. 

Thyroidectomy  was  erroncouslv  supposed  to  influence  epinephrin  glycosuria.    The 

Ell  results  can  be  explained  by  the  natural  variations  in  the  intensity  of  the 
ria.  which  occur  even  in  the  same  animal  under  apparently  identical  conditions 
hill,  igii). 
Epinephrin  an  Depressor  Stimulalion,  Nicotin,  etc. — Epinephrin  diminishes  or 
ibolithes  the  response  to  depressor  stimulation  (Oliver  and  Schaefer,  and  others),  and 
d  to  all  kinas  of  vasomotor  stimulation,  pressor  or  depressor;  electric,  nicotin,  etc.; 
Ihis  independently  of  the  level  of  blood  pressure  (Hoskins,  1915).  This  depression 
dvuoraotor  irritability  occurs  more  slowly  than  the  direct  pressor  effect  of  epinephrin; 
ft}  that,  if  both  measures  are  started  simultaneously,  the  results  are  strictly  additive; 
bat  if  epinephrin  is  started  first,  the  addition  is  imperfect.  Curiously,  a  similar  dimiu- 
iriied  reaction  to  nicotin  occurs  in  from  one  to  eight  days  after  the  excision  of  one- 
Wl  to  seven-tenths  of  the  adrenal  tissue  (Hoskins,  1015). 

StHsiJiiaiion  to  PituUary. — Kcpinow,  1912,  claimed  that  doses  of  pituitary  which 
Aitlhemsclves  inactive  increase  the  vasoconstrictor  effect  of  epinephrin.     Rischbietcr, 
.V  and  Hoskins,  191 5,  were  unable  to  confirm  this,  finding  only  simple  summation. 
Boemer,  1915,  found  some  increase,  but  attributes  this  to  more  prolonged  sojourn 
'       '     ohrin  in  the  circulation,  due  to  cardiac  depression;  for  the  "potentiation" 
in  rabbits,  in  which  pituitary  depressed  the  heart;  and  nut  in  cats,  in 
.,.,..ssion  is  absent.     A  similar  "potentiation"  was  produced  by  other  cardiac 
nls.  histamin.  nicotin,  etc. 
Ktuitary  injection  does  not  increase,  but  rather  diminishrs  the  epinephrin  hyper- 
ia  (Stenstroem,  [914). 


Cause  of  the  Brief  Action  of  Epinephrin. — WTien  epinephrin  b  injected 
venously,  the  effects  are  of  very  short  duration,  dLsappearing  within 
minutes  after  the  injection  ceases  (Fig.  14).    This  goes  parallel  with 
disappearance  of  epinephrin  from  the  blood,  and  is  due  to  the  rapid 
truction  of  the  substance.     Epinephrin  is  readily  oxidized  and  thus 
dercd  inactive.     The  oxidation  occurs  presumably  in  all  tissues,  includ- 
ing the  blood,  but  with  very  different  velocity.     The  blood  vessels  and 
liver  probably  have  the  largest  share. 

On  the  other  hand,  the  vessels  continue  to  respond  practically  uni- 
formly and  indefinitely  to  whatever  epinephrin  may  be  present  in  the 
Mood.  Its  effects  may  therefore  be  repeated  by  repeating  the  intrav- 
enous injection,  and  they  may  be  rendered  continuous  by  continuous 
infusion.  A  uniform  infusion  will  maintain  a  uniform  moderate  rise  of 
I   i>Iood  pressure  for  a  considerable  time. 


403 


UANITAL   OF   PHARMACOLOGY 


Persistence  of  Action  ii  the  Concentration  of  Eplnephhn  is  Maintained. — In  excised 
kidneys,  the  perfuaioa  flow  may  be  arrested  for  a  long  time,  sometimes  for  hours,  by 
single  injection  of  cpinephrin.  This  illustrates  that  epinephrin  is  not  destroyed  (ai 
least  in  the  absence  of  oxygen)  in  the  ti^ue  (blood  vessels)  on  which  it  exerts  its  m 
action.  It  alfio  shows  that  the  stimulation  can  be  continued  indefinitely,  and  that  ii 
does  not  give  way  to  "  fatigue,"  or  to  depression,  no  mailer  how  much  epinephrin  is  u^»! 

This  corresponds  exactly  to  what  is  obscr\'ed  in  the  HvinR  animals:  RrpraUd  injtC' 
tioHi  of  the  same  dose,  on  the  same  animid,  give  quantitatively  the  same  prrssor  effect 
(Bayac,  1005],  for  at  least  20  successive  injections  (Kretschmer,  1907).  Sufficient  timt, 
iriuBt  elapse  between  injections  for  the  circulation  to  return  tonormal;othcr  wise,  there 
will  be  superposition. 

Kretschmer  also  found  that  if  the  injection  be  made  coniinuous,  the  pressure  rise  l» 
maintained  uniformly  so  long  as  the  rate  of  injection  is  uniform.  The  blood -pressure 
level  rises  as  the  rate  of  injection  is  increased,  from  the  minimal  cffcclivc  do&e  until  a 
maximum  is  attained.  In  rabbits,  this  occurs  when  the  rate  of  injection  corresponds 
to  about  o.oi  mg.  per  kilogram  jwr  minute.  Up  to  this  point,  the  destruction  roust 
keep  step  with  the  injection,  else  the  rise  would  be  progressive.  Further  injection  pro- 
duces no  further  rise,  but,  when  the  injection  is  arrested,  the  return  to  normal  is  inverse 
to  the  rate  at  which  the  cpinephrin  has  been  introduced,  since  it  will  take  a  longer  tinw 
to  destroy  the  excessive  epinephrin. 

Thr  Unijormiiyof  Response  is  not  Unlimited. — Froehllch  and  Pick,  191  a,  found  that 
if  large  doses  are  given  in  rapid  succession,  the  rise  becomes  less  pronounced  and  finally 
disappears,  although  tlie  blood  pressure  may  remain  normal.  This  ispcrhav's  due  to 
an  altered  distributinn  of  the  blood;  for  I'roehlith,  1910,  found  that  a  single  dost- 
d-epinephrin,  which  has  a  much  more  prolonged  action,  may  abolish  the  response 
ordinary  1-epincphrin. 

Epinephrin  ts  nol  an  Antigen. — No  antibody  is  produced,  even  if  the  (hy(>oderniic 
injections  are  continued  over  three  months  (riliolt  and  Durham,  1906);  nor  is  ih 
any  habituation  (Pollak,  igio)     Halperm,  1913,  claims  that  intraperitoneal  injcctio 
of  suprarenal  extracts  (not  of  cpinephrin)  leads  to  the  production  ol  a  dilator  substan 

Tne  Return  to  Normal  Prefisure  Coincides  with  the  Disappearance  of  the  Eptseph- 
rin  from  the  Blood. — The  direct  invcstigadoa  of  this  question  yielded  contradicto 
results  in  the  hands  of  the  earlier  investigators  (Weiss  and  Harris,  1904),  who  work 
with  methods  which  at  present  would  not  be  considered  adequate  for  the  purp 
The  recent  work  (Dc  Vos  and  Kochmann,  1905;  D.  E.  Jackson,  1009;  Trendelcnbu 
1910)  shows  that  Ihc  disappearance  of  epinephrin  from  tnc  blood  goes  perfectly  pa 
with  the  return  of  the  blood  pressure. 

The  Disappearance  of  Epinephrin  is  not  Due  to  Excretion. — Fuerth  found  that  t 
urine  contains  at  most  traces,  even  after  large  injections;  and  the  pressor  effect  disa: 
pears  even  when  access  to  the  excretory  organs  is  excluded  by  clamping  the  ao: 
(Jackson,  igool-  This  experiment  also  shows  that  the  visceral  organs  arc  not  neccssa 
for  the  destruction  of  epinephrin. 

Artificial  Destruction  of  Epinephrin. — Epinephrin  is  readily  oxidized,  especially 
dilute  and  alkaline  solutions  (H.  Moore,  1895),  with  complete  loss  of  activity.     Through 
its  amido-group,  it  is  also  promptly  Inactivated  by  formaldehyd   (Cramer,    ion' 
Artificial  oxidation  does  not  destroy  all  the  activities  at  the  same  rate  (McGuigio 
and  Mostrom,  1913).     Blood  ih  vitro  has  a  curiously  slow  destructive  effect,  so  that  the 
activity  is  preserved  for  many  hours  (Oliver  and  Schtcfer,  1895;  Emden  and  Fuerth 
igoj);  indeed,  small  quantities  of  serum  retard  the  destruction  materiidly  (Schwet 
jKhnikoff,  1913)     The  oxidation  proceeds  much  faster  in  the  presence  of  blood  vcskI* 
(Tatum  1912)"     Cerbro-spinal  fluid  destroys  epinephrin  mucn  more  rapidly  than  dort 
serum  (Meltzer,  1911). 

Destruction  in  Tissues. — Gioffrcdi,  1907,  found  thai  when  epinephrin  was  perfused 
through  the  liver,  it  was  rapidly  destroyed;  more  slowlv  in  skeletal  muscle;  not  appre- 
ciably in  the  kidney,  lung  and  brain.  The  destruction  is  therefore  a  special  vitil 
function  of  the  liver. 

This  explains  the  vastly  more  lasting  efiects  of  epinephrin  when  it  does  not  come  intp 
contact  with  the  liver,  as  in  perfeusion  of  the  excised  kidney.  It  also  explains ifc* 
observation  of  Meltzer  that  epinephrin  retains  its  activity  for  several  hours  when  it|* 
confined  in  the  tissues  by  a  ligature.  When  the  epinephrin  is  injected  into  a  rahhtli 
ear^  where  the  dcslruction  and  absorption  are  evidently  slow,  an  extreme  constrictor 
action  may  last  for  hours  (.\uer  and  Meltzer,  1917). 

Kretschmer,  1907,  found  that  the  destruction  is  hastened  (i.e.,  the  action  is  $hoii' 
ened)  by  lessening  the  alkalinity  of  the  blood  by  the  injection  of  acids;  and  vi<everi^ 

PJacenta. — This  appears  to  be  impermeable  to  epinephrin  injected  into  the  motber 
(Shimidzu,  1920.) 
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Physiologic  Functions  of  Epinephrin. — The  striking  actions  of  epi- 
nephrin  invite  the  theory  that  it  plays  an  important  rfile  as  a  hormone  for 
maintaining  the  tone  of  the  sympathetic  system,  particularly  the  blood 
pressure;  and  that  it  is  concerned  in  pathologic  conditions  of  the  sympa- 
thetic system,  Basedow's  disease,  diabetes,  arterial  hypertension,  etc. 
However,  not  enough  epinephrin  passes  into  the  blood  normally,  to 
exert  any  effect  on  blood  pressure,  or  even  on  the  much  more  serusitive 
intestine;  although  it  can  be  demonstrated  in  the  blood  of  the  adrenal 
vein  by  the  blood  pressure  and  by  the  nupil  test  (Stewart  and  Rogoff, 
1916). 

The  output  of  epinephrin  may  be  increased  by  stimulating  the  sympa- 
thetic nerve  supply  of  the  adrenal  glands,  directly,  or  through  a  dorsal 
center  (idem);  the  increase  however,  is  never  sufficient  to  affect  the  blood, 
pressure.  In  fact,  the  output  of  epinephrin  is  so  limited,  even  under  the 
most  favorable  conditions,  that  it  may  be  doubted  whether  it  has  much 
physiologic  significance;  nor  has  the  causation  of  any  pathologic  condition 
been  definitely  connected  with  altered  epinephrin  content  of  the  blood. 

Epinephrin  secretion  is  certainly  not  essentia!  to  life;  for  animals, 
iacluding  monkeys,  live  without  noticeable  disturbance  when  their  output 
of  epinephrin  has  been  practically  suppressed  by  excision  of  one  adrenal, 
and  section  of  the  nerves  of  the  other  (Stewart  and  Rogoff,  191 7.  IQ19). 

It  Ls  possible,  but  scarcely  nrobable.  that  epinephrin  is  mainly  a  waste  product 
temporarily  Blored  and  perhaps  cicBtroyed  in  the  adrenal  glands.  The  very  high  blood- 
flov  of  the  suprarenals.  which  is  surpassed  only  by  that  of  the  thyroid.  (Burton- 
O^tz  and  Kdwnrd<«,  1917^  indicates  that  the  gland  luis  important  functions;  but  these 
oaigbt  be  quite  apart  from  the  epinephrin. 

Chemic  Coatrol  of  Body  Functions. — The  organism  of  animals  as  well  as  plant)  pro- 
duces,  as  direct  or  by-products  of  its  activities,  chemic  substances  of  decided  pharma- 
oobpc  actions.  Some  of  these  are  probably  waste  products;  but  others  serve  to  regu- 
Uu  Important  functions.  In  this  way,  the  body  is  under  the  constant  influence  of 
"drag  therapy,"  and  the  correction  of  faulty  functions  by  ** drugs"  is  not  an  artificial 
^t  a  natural  process  of  the  body.  A  striking  instance  of  such  regulation  is  the  carbon 
'lloiiil  {Bayliss  and  Starling,  i(>o6),  with  its  controlling  effect  on  the  respiratory  and 
vuomotor  centers,  etc.;  and  there  arc  numerous  other  instances  of  the  importance  of 
^"hormones"  of  internal  secretion,  such  as  the  regulation  of  the  pancreatic  accretion 
l>yicct«tin;  the  chemic  control  of  the  sexual  functions;  etc.  (Starling,  Harvey  Lectures, 
1908). 

Constrictor   Substance  of  Serum. — Normal  serum  has  a  constrictor  effect  on  blood 

^'VSwU.     This  was  at  first  attributed  to  epinephrin  (Trendelenburg);  but  it  was  shown 

V  0.  X.  Stewart,  191 1.  and  confirmed  oy  oUiers,  that  serum  stimulates  all  smooth 

paiclc  directly,  and  lacks  the  symj^athomimctic  inhibitor)'  action  of  epinephrin.  for 

imtaDce,  on  tiie  intestines.    This  constrictor  substance  has  therefore  no  relation  to 

^ptQcphnn.    It  is  formed  mainly  in  the  process  of  clotting  (O'Connor^  1913)  and  in- 

c^tMes  with  the  age  of  the  serum  (Handovsky  and  Pick,  iQu). 

j^^resetue  0/  Epimphrin  in  Blood. — Epinephrin  can  be  demonstrated  in  the  blood  of 

^■tdrenal  veins;  under  special  conditions  and  by  especially  sensitive  methods  also  in 

^■vena  cava.     The  normal  discharge  in  the  cat    is  alxiut  0.0003  to  o.ooi  mg.  per 

minatcpor  kilogramof  body  weight  (Stewart  and  Rogoff.  1916). 
^t.pincphnn   Owtpiii  atui   Bicmd  Pressure. — The   concentration  in   the  blood  never 
^Hj^  the  level  where  it  could  affect  the  blood  pressure. 

I^^oskins  and  McClure,  IQ12.  point  out  that  it  epinephrin  persisted  normally  in  the 
^BtnUlion,  it  would  result  in  inhioition  of  peristalsis,  since  the  intestines  are  much  more 
*iaitive  than  the  blood  vessels.  Trendelenburg,  1015,  also  finds  that  the  concentration 
*o  aorm&l  blood  could  not  be  over  1  in  i  or  2  billions,  and  is  probably  smaller — too 
^*^  to  affect  the  blood  pressure  or  intestine.  Further,  Hoskins  and  McPeek,  1913, 
'"•pluiie  that  the  small  quantity  which  could  possibly  reach  the  circulation  would 
'•'Ule  instead  of  constricting  the  blood  vessels. 

The  fact  that  the  adrenal  glands  do  not  normally  contribute  to  the  maintenance 
of  vucular  tone  is  also  shown  by  temporarily  damping  the  adrenal  vessels.  The  blood 
ftOaon  docs  not  fall  while  the  clamp  is  applied  (within  40  hours;  Austmann  el  aS.^ 
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iQi7^;  but  only  as  death  approaches  (Trendelenburg,  iqh);  nor  does  it  tben  nse  wna 
the  damp  is  removed  (Hoskins  and  McClurc.  1912.  The  positive  results  of  Strehl  an 
Weiss  arc  attributed  to  obstruction  of  the  vena  cava  or  stimulation  of  afferent  ner\'ef 
however,  iloskins  and  McPcek,  iqi.^,  also  found  positive  results  in  pregnant  cats),     j 

Response  to  Splanchnic  Stimulation.^ — While  it  is  thus  certain  that  the  amounti 
epinephrin  ordinarily  secreted  is  below  the  ph>'siologically  effective  limit,  there  m 
evidence  of  some  secretion,  especially  on  splanchnic  stimulation,  direct  or  reflex.        4 

Older  methods  gave  deceptive  results;  narlly  because  they  did  not  really  measoi 
epinephrin;  and  partly  because  they  overlooked  the  important  influence  of  the  nit 
of  the  blood  flow  through  the  adrenals.     If  the  epinephrin  output  is  constant,  ai 
ordinarily  the  case,  then  the  concentration  must  vary  with  the  rate  of  the  blood 
through  the  adrenals.     Tliis  is  indeed  the  case  (Stewart  and  Rogoff,  191 7). 

However,  an  actual  discharge  of  epinephrin  from  splanchnic  stimulation  is  show 
by  the  mydriatic  and  blood-pressure  reaction  in  the  animal  itself  (Stewart  e(  al.,  1916] 
It  occurs  very  promptly,  and  is  not  prevented  by  attempts  to  exhaust  the  epineph^ 
store  through  fright  or  morphin,  -1 

Ri^c  of  Epinephrin  in  Splanchnic  Pressor  Response. — A  part  of  the  blood-pressttf 
changes  on  splanchnic  stimulation  is  due  to  the  discharge  of  epinephrin.  .Vsher.  igx- 
and  IQIJ.  found  that  splanchnic  stimulation  in  e\'isccra1ed  animals  does  not  raise  th 
blood  pressure  if  the  suprarenal  vessels  are  clamped.  The  splanchnic  rise  under  thcs 
conditions  must  therefore  be  due  to  secretion  of  epinephrin.  The  rise  can  be  mad 
continuous,  showing  that  the  epinephrin  is  secreted  and  not  merely  washed  out. 

With  normal  animals  the 'pressor  effect  of  splanchnic  stimulation  is  ordinaril: 
interrupted  by  Uic  tcmp>orarv  "dip,"  soon  after  the  stimulation  is  started.  This  di] 
is  absent  if  the  adrenals  arc  clamped  and  is  therefore  due  to  the  discharge  of  epinephrir 
The  earlier  observers  (V.  Anrep,  1Q12;  Burton  Opitz  and  Edwards,  1016)  behcved  iha 
the  epinephrin  discharge  caused  the  pressure  to  rise,  when  the  direct  stimulation  of  th 
vessels  by  the  splanchnic  had  begun  to  fade;  but  Perlman  and  Vincent,  1919,  propos 
the  more  probable  explanation  that  the  dip  itself  is  due  to  the  discharge  of  vaso-dilatini 
concentrations  of  epinephrin,  acting  mainly  on  the  skeletal  and  splanchnic  vesscli 

The  phenomena  arc  not  constant  (Gley  and  Quinguand,  1913).     They  arc  affe 
by  the  anesthetic  (Parsons  and  Vincent,  iQi?)  and  are  sometimes  abolished  by  caff* 
ctirarc  and  morphin  (Perlman  and  Vincent). 

spinal  Center. — In  cats,  epinephrin  is  liberated  after  section  of  the  cord  as  low  as 
last  cervical,  but  not  after  section  of  the  mid-dorsal  region  fStewart  and  Rogoff,  191 
This  may  be  interpreted  as  an  "epinephrin  center"  in  the  thoracic  spinal  c«rd. 

Influence  of  DrtiRs  on  Epinephrin  Otttpul. — This  is  increased  bv  strychnin,  dtp 
by  nicotin  and  curare;  unchanged  by  strophanthin  (Stewart  and  Rogoff,  19x9)- 
details  are  discussed  under  these  drugs. 

Low  Blood  Pressure  and  Shock. — It  has  been  claimed  that  the  epinephrin  outpt] 
is  increased  in  conditions  of  low  blood  pressure,  however  induced,  presumably  in  a) 
effort  to  compensate  the  fulling  pressure.     These  claims    were  based  on  faulty  methods 

Stewart  and  Rogoff,  iqr4,haveshowndefinitely  that thcoutputof  epincphrinandil 
concentration  in  the  general  circulation  Is  not  altered  by  low  blood  pressure.  TJk 
concentration  in  the  adrenal  vein  rises,  but  merely  because  the  blood  flow  through  til 
glands  falls  with  the   blood  pressure,  and  the  epinephrin  is  therefore  less  diluted.      1 

Emotional  States. — Imperfect  methods  of  epinephrin  estimation  also  led  to  claim' 
that  emotion,  fright,  etc.,  increase  the  epinephrin  output  (Cannon  rt  a/),and  dimini^ 
the  epinephrin  store  (Elliott,  1912).     Kxact  methods  again  failed  to  confirm  these  dai 
(Stewart and  Rogoff.igi?). 

Total  Amount  of  Epinephrin  in  Glands. — In  man,  this  is  normally  about  4  to  5 
per  gland  (Goldziehcr,  iqio:  Klliott,  1014';  in  dogs,  2  mg.;  in  cats.  0.19  mg.  i.Marcheii 
1915);  in  sheep,  to  7  mg.  (Folin,  Cannon  and  Denis.  191  v^<    The  percentage  is  ab<MBH 
o.r  per  cent,  of  the  moist  weight,  in  all  animals.    The  content  does  not  vary  with 
seasons  (Seidell  and  Fenger,  1914). 

In  glands  obtained  from  autopsy  material  from  various  diseases,  the  epinepfd 
content  is  generally  somewhat  low.  about  0.35  per  cent,  of  the  dry  weight,  in  place 
the  normal  0,4  per  cent.  (Lucksch.  1917). 

Epinephrin  is  present  very  early  in  fetal  animals  (Fenger,  191a;  McCord,  191 
In  tne  human  fetus,  it  is  absent  at  six  months,  but  present  at  full  term  (J.  H.  LeK 
1916;  Moore  and  Purinton,  1900). 

Elliott  (1905)  believes  that  epinephrin  is  also  present  in  special  cells  in  other  sit 
tions,  but  always  cloM;ly  associated  w\lh  sympatnetic  ganglia  (f.i.,  in  the  iniercarol 
body).  This  has  been  taken  to  indicate  that  sympathetic  stimulation  is  effected  by  bo 
a  cbemic  and  a  nervous  mechanism. 
^      Choiin. — Suprarenal  extracts  contain  some  cholin.    This  is  responsible  lor 
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effects  produced  by  such  extracts  after  the  removal  of  their  epinephrin  f  Hunt. 

adrenal  corttx  contains  no  epinephrin.  and  is  supposed  to  ha^•c  relations  to 
l^rovth  line)  sexual  development.  Wegllin  and  Macht,  Igij,  announced  a  cryBlalline, 
lipowluble  constrictor  pnnciple. 

Addison's  Disease. — This  is  associated  with  destruction  of  the  suprarenal  glands. 
The  Ihenipculic  Lidininlsualion  of  preparations  of  the  glands  has  therefore  been  tried; 
in  rickets,  diabetes  insipidus,  etc.     The  results  have  not  been  very  good,  which  is 
iCtrcfly  surprising  when  the  rapid  destruction  of  the  substance  is  considered. 

Esd%ioH  of  both  suprarenal  glands  produces  death  in  a  few  daj-a  (Brown-Scquard, 
iii$(Sl    This  is  not  due  to  the  removal  of  the  medulla  but  of  the  cortex,  which  is  not 
oectcd  with  the  epinephrin  (Wheeler  and  Vincent,  1917). 

There  is  fall  of  bluud  pressure,  muscular  weakness,  decrease  of  metabolism,  fall  of 
tunc,  central  paralysis,  death  by  failure  of  respiration.  The  blood  pressure 
are  the  effect  rather  than  the  cause  of  the  asthenia;  for  the  pressure  and  vascular 
nse  do  not  begin  to  fail  until  the  asthenia  is  far  advanLcd.  The  asthenia  probably 
depends  on  the  failure  of  the  cortical  rather  than  of  the  medullary  function  of  the  glands 
(Hcftldns  and  Wheelon,  1Q14). 

The  injection  of  the  blood  of  the  moribund  animals  into  a  normal  sfKcimen  is  said 
to  Muae  analogous  symptoms.  Unilateral  excision  has  usually  little  effect.  Trans- 
plantation of  suprarenal  tissue  has  been  accomplished  by  Busch  and  co-workers,  1906 
ii»d  igo8. 

Feeding  of  Suprarenal. — With  normal  white  rat*,  the  ingestion  of  suprarenal  for 
3too  vrceks  resulted  in  some  hypertrophy  of  the  testicles.  The  growth  of  other  organs 
W  not  affected  (Hoskins  and  Iloskins,  igi6). 


SUPRARENAL  TESTING 

Commercial  preparations  of  epinephrin  \'ary  greatly  in  activity   (Hunt,    1906; 
ri.  1Q06;  \V.  H.  Schultz,  1920).     This  is  partly  due  to  the  ready  decomposition 
i.»ns;  but  even  the  dry  commerciiil  base  is  often  far  from  pure  (.Schultz,  190Q). 
-   therefore  desirable.    Quantitative   methods  are  also   needed   for  scientific 
>.     Gravimetric  and  volumetric  methods  are  not  applicable  and  recourse  must 
wE.nt  to  colorimetric  and  physiologic  methods.     For  fairly  large  quantities,  the  effect 
OR  the  blood  pressure  of  mammals  is  commonly  used.       A  standard  procedure  is  de- 
bribed  in  the  U.S. P., IX,  and  in  the  Reports.  Council  of  Pharm.  and  Chem.,  loit.page 
a.    The  Trendclenl>urR  method  of  frog  f>erfusion  has  also  been  widely  cmplo>'ed. 
Virioua  other  methods  arc  discussed  in  the  papers  of  Crawford,  1907;  Schultz,  igog; 
•*  N.Stewart,  1911;  iMffcncau,  1915. 
Colorimetric  methods  also  give  good  results.     A  process  is  described  in  the  U.S.P., 
Cjtnd  by  Seidell,  1913  (with  critical  discussion).     Polin,  Cannon  and  Denis.  1913,  de- 
libe  another  very  sensitive  test,  which  gix-es  good  agreement  with  the  blood-pressure 
'Bethod.     The   method  of  Krauss  is  unsatisfactory   (Hale  and   Seidell,    1913).     The 
'wious  color  reactions  are  described  by  Barger,  Simpler  Natural  Bases,  I9i4t  pag^  ^9- 


PREPARATIONS' — EPINEPHRIN 

*EpinephrinQ,    N.N.R.;    Adrcnalinutrt    (Adrenal.),    B.P.;    Epinephrin,    Adrenalin 

)upfartnin^  etc.);  C»HijN'Oi. — MicrocrystalUne  powder.     Tnc  free  base  is  prac- 

ly  insoluble,  and  i.s  therefore  marketed  as  an  aqueous  i :  r.ooo  solution  of  one  of  its 

generally  the  hydrochlurid.     The  solutions  usually  contain  a  small  quantity  of 

.'ative  (often  sulphite)  and  thus  keep  fairly  well.     On  dilution  they  deteriorate 

(ew  hours,  by  oxidation,  acquiring  a  pink  to  brown  color.     This  is  favored  by  alka- 

deU>'ed  by  acid.s.     The  alkaloid  is  a  reducing  agent  and  gives  a  pink  or  red  color 

Dudizing  substances  such  as  iodin  (Kwins,   1910,'      f'erric  chlorid  produces  an 

[reen  color,  which  turns  purple  and  carmin  on  adding  an  alkali.     Dose,  0.5  c.c, 

of  the  i:  1,000  solution.     Maximum  dose,  3  mg.,  ^0  gr. 

Adrenatini  flydrtichlvruus  (Liq.  Adrenal.  Hydrochl.),  B.P. — o.i  per  cent., 

irvcd  with  chloroform.     Dose,  0.6  to  x.8  ex.,  10  to  .10  minims,  B.P. 

Siiprarenalum  Siuum  (Supraren.  Sicc.l,  U.S. P.;  Dried  Suprarcnals. — "The  suprare- 

^^gUnds  of  such  animals  as  are  used  for  food  by  man,  de-aned,  dried,  freed  from  fat, 

tMro^dered.  and  containing  not  less  than  0.4  per  cent,  nor  more  than  0.6  percent,  of 

rin.  the  active  principle  of  the  suprarenal  gland.     One  part  of  Dried  Suprarenals 

i^  approximately  6  parts  of  fresh  glands,  free  from  fat."     The  epinephrin  is 

•jctcrmined  colorimctrically.     Dose,  0.25  Gm.,  4  gr.,  U.S. P. 
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This  African  drug — the  root  of  an  Asclepiadaceous  plant — resembles  epinep 
doselv  in  its  peripheral  effects,  except  that  these  are  more  gmdual  and  lasting.     It 
Mxd  by  the  natives  against  dysentcrj',  and  seems  to  be  effective  in  amebic  dysent 
and  other  diarrheas  (Merck's  Report,  26:464.) 

ConstUuents. — The  drug  contains  neither  alkaloids  nor  tannin;  its  antidiarri 
action  is  therefore  not  astringent.     The  active  constituents  arc  a  series  of  glucDi 
the  most  important  being  the  crystalline  Uzarin  (Hennig,  tQiy).     This  is  very 
hydrolyzcd  by  acids  into  glucose  and  the  inactive  uzaridin.     It  is  therefore  much 
effective  by  stomach  than  by  rectum.     Uztiron  is  a  purified  extract  of  secret  composi 

Actions. — -Gucrbcra,  igii  and  r9i4,  found  a  variety  of  actions:  Central  stimulatU 
proceeding  to  convulsions;  a  peripheral  sympathomimetic  action  Cdilation  of  pupn 
inhibition  of  intestines,  uterus,  stomach,  bladder;  vasoconstriction);  and  a  digitj 
effect  on  the  heart.  Tigerstedt  and  Airila,  iqis,  find  that  it  slows  the  heart  and  blool 
stream,  but  raises  the  blood-pressure  through  vasoconstriction.  The  cardiac  slowtt 
is  prevented  by  nicotin.  In  intact  animals,  the  sj'Stemic  actions  are  much  less  wjl 
oral  than  with  h>'podermic  or  intravenous  administration.  It  may  be  amcbicidal 
dysentery  (Justi,  1913). 

The  intestinal  Movements  are  inhibited  by  the  sympathetic  stimulation  ( 
1913),  both  in  iitu  or  when  excised.     It  is  vcr>'  effective  against  the  physostigmin 
pUocarpin  movements.     The  diminished  peristalsis  lessens  the  excretion  of  uric 
(Abl,  roi.O. 

(Pick  and  Wasicky,  tgi6.  bcUe\'e  that  uzara  acts  by  paralyzing  smooth  musd 


COTOm  (METHYL-TRIOXY-BENZOPHENONE) 

This  has  been  used  in  diarrhea.  It  is  not  antiseptic  nor  astringent,  but  dccrcO 
the  tone  of  excised  mtestines  and  uterus  (Impcns,  igij). 

In  transfused  frogs,  it  contracts  the  blood  vessels  and  diminishes  reflex  exd 
(lodbauer  and  Kurz,  1Q16).    It  is  not  toxic  to  rabbits,  nor  to  infusoria.     Its  excretii 
occurs  by  the  urine,  partly  as  benzoic  acid  {lodbauer  and  Kurz). 

It  is  used  in  cholera;  also  to  check  the  night  sweats  of  phthisis.  Dosf.  0.06  to  C 
Gm.,  1  to  10  gr. 

It  is  a  glucosid,  derived  from  Coto,  the  bark  of  an  unknown  Bolivian  plant.  Tl 
and  the  related  "paracolo"  barks  also  contain  other  related  triox>'phenoD9,  diffcrii 
by  the  number  of  methyl  groups  (lodbauer  and  Kurz,  1916}. 


PITUITARY  EXTRACT 


General  Statement, — Extracts  of  the  posterior  (infundibular)  lobe  (! 
the  piluilar>'  gland  have  a  strong  sLimulanl  effect  on  smooth  musd< 
leading  to  considerable  and  'rather  persistent  vasoconstrictor  rise  of  blofll 
pressure;  reflex  slowing  of  the  heart;  diuresis;  augmented  contracuoll 
of  the  intestine,  uterus  and  bladder,  etc.  The  effects  resemble  those  0 
histamin  (Fuehncr,  1912)  and  are  quite  distinct  from  those  of  cpinephri 
(Dale,  iQio:  Bayer  and  Peter,  1911).  They  have  no  relation  to  the  nefV 
supply,  and  are  probably  exerted  directly  on  the  muscle.  The  comple-clj 
of  actions  is  probably  due  partly  to  the  presence  of  several  active  con^. 
slituents. 

Therapeutically,  extracts  have  been  used  hj'podermically  with  succeS 
to  accelerate  labor,  to  check  uterine  hemorrhage  and  in  paresis  of  th 
bladder;  and  with  more  doubtful  results  in  intestinal  paresis  and  in  col 
lapse  conditions.    Oral  administration  is  practically  ineffective. 

A  review  of  the  littraiun  of  pituitary  is  given  by  Simpson,  1914. 
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dive  Constituents. — It  is  probable  that  pituitary  extracts  contain 
vcral  active  principles,  perhaps  closely  related  to  histamin,  or  to  his- 
tamin  derivatives,  in  protein  combination.     Several  investigators  have 
isolaied  cn^'stalline  substances;  but  these  are  probably  cleavage  products 
ich  do  not  fully  represent  the  actions  of  the  extracts. 
Solubility  and  Stability. — The  active  constituents  are  soluble  in  water, 
are  not  affected  by  boiling  or  by  peptic  digestion,  but  are  easily  destroyed 
trypsin,  by  incipient  putrefaction  and  by  hydrolytic  agents  in  general 
ale.  1910).     This  explains  the  inefficiency  of  oral  administration. 

H.  S.  Adams.  1Q17,  claims  Lliul  the  oxytocic  principle  is  rapidly  (]e&tro>'ed  by  boiling 
with  a  weakly  acid  reaction  (pli  =  5);  but  not  if  the  acidity  is  higher  (^H^  ^]. 

holaiion  of  Constiturnts. — Schacfer  and  Herring,  1906,  believed  tliat  the  various 

vities  arc  due  to  separate  constituents.     Fuehner,  1Q13,  isolated  four  basic  fractions. 

ich  are  concerned  to  a  varying  degree  in  the  blood  presMire,  respiratory  and  uterine 
effects.  A  0.1  per  cent,  solution  of  this  mixture  is  marketed  as  flypophyun.  Bandonin, 
IQ13,  also  claims  to  have  isolated  a  crystalline  active  principle.  Most  of  the  other 
worker*  doubt  whether  any  of  these  really  represent  the  active  substances  in  pure  form 
(Bargex,  "Simpler  Natural  Bases,"  1914,  p.  108}. 

Abel  and  Macht,  1919,  identified  the  presence  of  histamin.  Dudley,  igiq,  pre- 
mrtfd  a  cr>*9taUinc  principle  of  high  oxytoxic  and  pressor  efficiency,  but  differing 
illy  from  histamin.  Abel  and  Nagayama,  1920,  identified  histamin;  a  substance 
> ;;  histamin;  and  an  unidentified  pressor  or  oxytoxic  principle.  Fenger  and 
Hull,  1930,  claim  that  the  o.tytoxic  principle  does  not  occur  in  free  form  in  the  fresh 
^d,  but  is  there  linked  to  a  protein  complex,  from  which  it  is  split  in  the  preparation 
of  the  extracts. 

Guggenheim,  Z915,  suggested  that  the  active  principle  mij^ht  be  allied  to  acetyl 
dwlin. 

Crawford,  1920,  claims  to  have  isolated  a  pressor  principle  in  impure  form.     This 

rhaps  is  related  to  epinephrin  (Crawford  and  Watanabe,  1916). 

Fetal  Glands. — The  atUve  principle  appears  very  eariy  in  fetal  life  fMcCord,  1915). 

Abieiuc  of  lodtH. — lodin  is  not  present  in  any  part  of  the  pituitary  gland,  even  after 

'    n  of  the  thyroid  (Simpson  and  Hunter,  xgiz;  Seaman,  1920). 


EFFECTS  ON  CIRCULATION 

ravenous  injection  of  pituitiiry  extract  raises  the  blood  pressure 
(Oliver  and  Schaefer,  1895).  This  may  be  preceded  by  temporary  fall  of 
pressure. 

The  rise  is  not  as  high,  but  is  more  sustained  than  that  of  epinephrin, 

laiting  ten  minutes  to  one-half  hour.     It  is  due  mainly  to  widespread 

Vasftfonstriction,  from  direct  stimulation  of  the  arterial  muscle.    The 

.  vessels,  however,  are  passively  dilated  in  the  intact  animal.    The 

L  is  generally  depressed  and  this  produces  usually  a  primary  fall  of 

yure  before  it  is  overcome  by  the  vasoconstriction.     The  heart  rate  is 

lly  slowed,  at  first  from  reflex  vagus  stimulation,  and  later  by  direct 

iiac  depression.     Repeated  injections  of  large  doses  produce  less  and  less 

and  finally  a  fall. 

Method  of  Administration. — Intravenous  or  peritoneal  injection  is 
piuch  more  effective  and  topical  than  hv^jodermic  (Pankow.  igia)  or 
iniramuscuJar ;  but  the  last  acts  longer  (Klotx,  igii).  When  given  by 
ttiouth,  there  is  practically  no  effect. 

Cardiac  Effects. — In  intact  animals,  these  are  complicated  by  the 
I'lterference  of  the  vagus  and  muscular  actions.  The  total  result  is 
?«neally  slowing  and  weakening  of  the  beat. 

R«te. — This  may  be  unchanged  or  even  quickened,  but  is  slowed  in  most  cases. 
*c  ilofting  is  much  less  if  the  vagi  have  been  divided,  and  is  due  largely  to  stimulation 
1^  ocntcf  by  the  rise  of  blood  pressure  (Beco  and  Plumier,  1913).     Some  slowing 
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occurs  even  after  atropin  a.nd  in  excised  hearts  (Cleghorn  and  others)  and  this 
must  be  ascribed  to  direct  muscular  depression.     Werschinin.  igi^.  believes  that 
peripheral  slowing  is  due  to  increased  vagus  tone;  and  Claude,   Porak  and  Roulii 
1013,  attribute  it  to  slowed  auriculo-ventricular  conduction  by  ao  action  on  tiie  '. 
bundle. 

Strength. — The  excursions  of  the  mercury  manometer  are  increased,  but  this  is  i 
simply  tu  tlie  slower  rate.  t)irett  cardiac  tracings  show  decreased  excursions  and 
creased  tone.  These  and  the  slowing  diminish  the  output,  occasionally  with  a  prcH 
nar>'  increase  (Wiggers,  iqi  i  )-  The  decrease  occurs  even  when  the  blood  pressure  ri: 
showinK  that  the  rise  is  purely  vascular.  The  ventricular  cflicienC)'  is  dixainisj 
(Wigcers,  io»6). 

Tne  pressure  in  the  pulmonary  artery  falls,  by  weakening  of  the  right  vcntru 
(WigKt^rs.  iQii);  or  it  may  be  unchanged  (.\ndercs,  10:5!.     The  win  pressure  is 
afTccicd  by  moderate  doses;  it  rises  witJi  large  doses  by  CArdiac  dilation  (Capps 
Matthews,  igij). 

Oft-repeated  injections  are  said  to  produce  cardiuf  hypertrophy,  with  lasting  rise 
pressure  fKtienne  and  Parisot,  1908). 

Excised  Mammalian  Heart. — ^This  also  reacts  with  decreased  rate  and  amplit 
(Wiggcrs;  McCord,  191 1)      Einis,  igi^,  however,  attributes  this  to  the  chloretone 
the  solutions;  with  pure  solutions  he  describes  primar>'  slowing  and  weakening 
subsequent  quickening  and  increasing  excursions. 

Isolated  Frog's  Heart. — The  excursions  are  generally  increased;  unall  doses  quickl 
large  doses  slow  to  final  standstill  fKinis}. 

Evidence  of  Vascular  Action. — Oliver  and  Schaefer,  and  subsequent  workers,  ha^ 
shown  that  the  rise  of  priissurc  is  accompanied  by  diminished  organ  volume  (except 
the  kidneys),  50  that  it  can  not  be  airdiac  and  must  be  vascular.  Tigerstedt  1 
Airila,  igi^,  also  found  that  the  aortic  blood  flow  decreases  with  the  rise  of  prcssi 
(and  still  more  in  the  fall).  The  vasomotor  center  is  not  affected  dircctlv;  but  may 
somewhat  depressed  or  more  often  moderately  stimulated,  by  the  rise  of  blood  pressg 
or  respirator>' embarrassment  (Pilchernnd  Sollmann.  1915;  McCord,  iqti).  The 
motor  stimulation  must  therefore  be  peripheral ;  and  accordingly  a  rise  of  pressure  occii 
after  the  coni  lias  been  cut;  and  perfusion  of  excised  organs  shows  direct  constric 
(Rischhieter,  igijt).  Segments  of  excised  arteries  and  veins  arc  also  constricted 
Bonis  and  Susanna).  Unlike  epinephrin,  the  effect  is  not  abolished  by  ergotoxin, 
that  it  is  probably  directly  on  Liie  arterial  muscle. 

Application  of  pituitary  solution  to  the  sctirifird  xkin  produces  a  local  blanchfl 
(Sollmann  and  Pilcher,  191b).  This  is  a  distinction  from  histamin,  which  produ 
flushing  and  urticaria. 

Human  Blaod  flow. — The  changes  in  the  pulse-flow  of  the  arm,  after  intramuscul 
injection  of  i  e.c.  of  pituitary  solution,  indicate  some  vasoconstriction  (Hewlett,  iq\ 

Specific  Differences  in  Vessels. — These  are  quite  unlike  those  of  epinephrin.  Pit 
tar>'  contracts  the  pulmonary,  icrthral.  and  coronary  areas  which  are  scarcely  oifccl 
by  epinephrin.  The  coronary  firculalion  is  therefore  slowed,  DOtwiLhstanding  the  r 
of  blood  pressure  (Morawitz  and  Zahn,  1914) 

The  hrainvolumc  in  man  is  incrcaj^ed  (Raphael  and  Stanton,  1919). 

rnjcction  at  the  root  of  the  ear,  in  rabbits,  produces  blanching,  but  less  intense  a 
less  persistent  that  with  epinephrin  ( Auer  and  Meltzcr,  1919). 

When  rings  of  survi\'ing  excised  artery  arc  exposed  to  the  pituitai>%  J.  Pal,  1909  a 
Cow,  191 1,  found  the  following:  The  carotid  and  its  branches  and  the  cniral  & 
mesenteric  were  constricted.  The  intercostal  and  cerebral  showed  no  resjronsc  T 
gastric  and  renal  dilated,  the  dilation  of  the  renal  increasing,  the  nearer  the  kidney  t 
ring  was  taken.  Proximal  pieces  of  the  renal  may  constrict.  The  hepatic  and  splci 
constricted  near  thtir  origin,  hut  dilated  near  the  organ.  The  aironary  was  somerin 
constricted,  sometimes  dilated.  The  vessels  of  frogs  are  dilated  (FroeliUcli  and  Pid 
iQi.^). 

Renal  Circulation. — Magnus  and  Sch^er,  1901,  observed  that  the  kidneys  in  in 
animals  dilate  during  the  rise  of  pressure,  whilst  other  organs  generally  arc  contract 
The  kidney  volume  diminishes  during  the  fall.     Hallion  and  Carrion  described  vasocol 
striction  followed  by  dilation.     Both  effects  arc  probably  mainly  passive;  for  pcrfusii 
of  excised  kidneys  generally  produces  constriction  (McCord,  191 1),  sometimes  lollow' 
by  dilation.     The  ureter  flow  follows  the  volumc-cun-e  (^Ibnann).     The  larger 
arteries  are  dilated  (Cow). 

Duration  and  Repetition  of  Action. — The  rise  of  blood  pressure  lasl 
for  about  half  an  hour  after  intravenous  injection.     (Mummery  and  Sym 
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iQoS,  Slate  thai  it  persists  for  several  hours  if  the  brain  and  cord  have  been 
flestroyed.)  The  effect  may  be  repeated  after  one-half  to  three-fourths 
of  an  hour,  or  more  frequently  if  small  doses  are  used  (0.06  to  o.r  ex.  of 
pituiirin  for  dog;  Hoskins  and  McPeek,  1913).  In  this  way,  the  blood 
pressure  rise  may  be  utilized  for  bio-assay  (Hamilton,  191 2). 

Frequently  repeated  injections  of  large  doses,  however,  become  less 
and  less  effective  (Howell,  i8g8)  and  may  finally  lower  the  pressure 
(Schafcr  and  V^incent.  1908).  The  secondare'  depressor  action  does  not 
occur  as  easily  in  dogs  as  in  cats  or  rabbits  (Hamilton,  1912).  The  mech- 
aobm  of  this  action  has  not  been  established. 
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It  H  not  due  to  oirdiac  effects,  for  these  remain  consiant;  nor  is  it  due  to  fatigue  of 
Ibe  vessels,  for  it  docs  not  occur  in  perfusion  experiments  (McCord.  igii).  This obaer- 
^w  believes  that  a  new  dilator  substance  is  formed  by  the  action  of  blood  on  the  pitui- 
tao' principles;  for  he  claims  that  mixtures  of  blood  and  pituitar>'  have  a  dilator  effect 
*ben  injected  or  perfused. 

Action  on  Depressor. — Pituitarj-  injection  decreases  the  efficiency  of  depressor 
itimuUlion,  especially  in  rabbits,  less  in  cats.  The  action  is  stronger  than  that  of 
epintphrin,  ana  occurs  even  when  the  blood  pressure  does  not  rise  (Aucr  and  Meltzer, 

Syuergisin  with  Epinephrin. — This  has  been  reported  by  Kepinow  (Gottlieb,  igii). 
Hit  pituitary  rise  is  not  due  to  stimulation  of  epinephrin  secretion;  for  it  is  not  modified 
^  lijfation  of  the  adrt-nal  vessels  ({ioskins  ana  McPeck,  1913). 

Ptinufy  Fall  of  Blood  Pressure. — This  is  cardiac,  but  not  vagal,  for  it  occurs  after 

ion  of  these  nerves  (Paukow,  1912).  The  fall  is  more  pronounced  with  larpe  doses 
'!»11mann;  .\ucr  and  Meltzer,  iQi.s)*  Schafer  aud  Vincent.  1S9Q,  believe  that  it  is 
cue  to  a  distinct  depressor  constituent. 

Circulatory  GflFects  in  Birds. — These  are  different  than  in  mammals.  There  is  a 
farktd  fail  of  blood  pressure  by  peripheral  vasodilation,  antagonized  by  epinephrin  or 
btrium.    The  ventricular  and  auncular  contractions  are  stimulated  (Patonand  Watson. 

IHffereat  PortionB  of  Pituitax7  Gland  on  Blood  Pressure. — Howell,  189S,  showed 
l'"-i!  (he  pressor  ctTect  is  confined  to  the  posterior  htbe  of  the  gland. 

^^  ■  h'.popkyieai  portion  (which  has  a  structure  resembling  the  thyroid)  produces 
t  fall  of  blooil  pressure,  usually  accompanied  by  acceleration  and  weakening 
.irt  (W.  W.  Hamburger,  IQ04  and  loio).  The  Pars  Jnternndia  also  produces 
«  rded  and  followed  by  rise  ff^wis,  Miller  and  Matthews,  1911).  The  pituitary 
>c>  not  contain  iodin.  even  after  excision  of  the  thyroid  (Simpson  and  Hunter. 
^911;.    The  active  principles  appear  very  early  in  fetal  life  (McCord,  1915). 


CLmiCAt  USE  IN  SHOCK  AND  COLLAPSE 

,3Humraer>'  and  Symes  found  experimentally  that  the  pituitary  rise  of  pressure  is 
Ttfonounced  and  sustained  if  the  pressure  has  preWously  been  lowered,  as  by  hcmor- 
tnumatic  shock,  cholin.  peritonitis,  etc.  Blair  Bell,  igii,  claimed  similar 
tal  results  in  patients.  The  usual  dose  (i  cc  of  the  commercial  solution  =  about 
»Gm  of  the  moist  gland,  intramuscularly)  may  raise  the  blood  pressure  10  to  40  mm* 
'w»D  hour,  with  sUghtly  slowed  heart  rale  (Beck  and  (J'Mally,  1900;  KJots.  iqii): 
^l  tllr  rc^»nse  is  uncertain.  This  may  explain  why  the  dru^  has  not  commandca 
J^Weoce.  The  slowing  might  be  useful  in  cardiac  irrepularitjcs  (Werchinin,  IQ13). 
Rtnl^'n  ft)i4,  finds  that  the  intnimuscular  injection  of  1.5  c.c.  converts  the  dicrotic 
i^'  into  a  normal  pulse,  witli  diminished  pulse  volume,  hut  without  delinite 
blood  pressure  or  blood  flow  in  the  arm;  these  changes  corresponding  to  vaso- 
•iMction. 
.- H-  B.  Schmidt,  1917,  confirmed  that  the  intra  muscular  injection  of  i  to  1.5  c.c.  of 
wtQnunerciHl  extract  produces  no  change  in  the  systolic  pressure  of  febrile  patients; 
^thl  the  diastoUc  pressure  often  shows  a  slight  rise,  reaching  its  maximum  in  about 
^'Wf  hour. 

lociJ  application  is  effective  against  capillary  hemorrhage,  ranking  next  to  epi- 
^Pjjja.    Intravenous  injection  is  uncertain  (Han^lik,  1Q18). 

j^ittcrs.  iQH.  believes  that  it  may  be  of  some  use  in  pulmofuiry  hemorrhage  by 
'^^ftg  the  heart. 
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URINE  FLOW 

In  man,  pituitary  administration  lends  to  diminish  the  daily  urine  c 
put;  this  effect  being  marked  in  diabetes  insipidus  (see  below). 

In  animals,  the  injection  of  pituitary  generaily  produces  a  temper 
increase  of  urine  flow,  presumably  by  increasing  the  renal  blood  flow.  ' 
effect,  however,  is  inconstant.  The  daily  output  is  not  changed,  but 
capacity  for  extra  urea  excretion  is  depressed. 

The  diuresis  was  described  by  Schacfcr  and  Herring,  100.S.  Ft  occurs  generally 
not  always  (Beco  and  Plumier,  igtj),  and  is  only  of  short  duration.  V.  Konschegg 
Schuster.  igii>.  find  that  small  doses  cause  temporary  diuresis,  followed  Hi'thin 
minutes  by  diminished  urine  flow.  Larger  doses  diminish  the  flow  from  the  si 
Injection  during  the  inhibition  again  starts  diuresis. 

The  daily  oiUput  of  urine  and  its  specific  gravity  are  not  altered.  (M.  H-  R4 
tgiS). 

Mechanism  of  the  PititiUiry  Diuresis. — Knowlton  and  Silverman,  IQ18,  found 
increase  in  the  oxygen  consumption  of  the  kidneys.  This  speaks  strongly  agai 
direct  stimulation  01  the  renal  cells,  and  suggests  that  the  diuresis  U  the  mechani 
result  of  vascular  changes  and  increased  filtration  pressure.  Accordingly,  they  f 
that  the  diuresis  was  always  accompanied  by  increased  renal  blood  flow.  The  eari 
obsen'cis  had  also  noted  that  the  aiuresis  was  generally  accompanied  by  renal  v 
dilation  (Harrion  and  Carrion;  King  and  Stoland);  but  since  there  was  no  cons 
relation  between  the  diuresis  and  the  blood -pressure  or  kidney  volume  (neither 
which  give  a  complete  picture  of  ihe  renal  circulation),  a  direct  effect  on  the  renal 
was  suggested;  possibly  due  to  a  distinct  constituent  (Schaefer  and  Herring,  n 
Hoskins  and  Means,  iqi.O. 

Urea  Excretion. — .Addts  et  al.^  191S,  claim  that  the  hypodermic  injection  of  pituii 
into  rabbits  markedly  lowers  the  capacity  of  urea  excretion;  and  that  this  consUtiil 
a  mutual  antagonism  with  epinephrin. 

Pituitary  Factor  in  Water  Diuresis. — Cow,  1915.  found  that  injection  of  enract^' 
duodenal  mucous  membrane  increases  the  urine  flow.     He  attributes  this  to  stiraula 
of  the  pituitar>'  gland;  and  believe?  that  water  diuresis  is  due  to  absorption  of  the  < 
dcnal  pituitary  stimulant.     Further  contirmations  are  needed  for  this  theory*. 

Urinr  Response  in   Normal  Human  .SM/»/Vr/j.— With  ordinar)'  doses,   the  diurel 
response  seems  to  be  small  and  uncertain;  the  chlorid  excretion  is  increased  (Frcy 
Kumpiess,  1Q14). 

Konschegg  and  Schuster,  X915,  claim  that  i  to  3  c.c.  hypodermically,  in  noi 
individuals,  diminish  the  volume  and  solids  of  the  urine,  the  effect  lasting  sixteen  hov 
J.  L.  Miller,  1917,  also  states  that  in  man,  pituitary  injection  always  diminishes! 
urine. 

The  transformation  of  benzoic  into  hippuric  acid,  in  nephritis,  is  reported  to 
increased  by  pituitary,  independent  of  any  aiuresis  (Farini  and  Ccccaroni,  1015). 

Urate  Retention. — The  administration  of  dried  pituitary  (0.01  Gm.  per  day,  fo 
weeks)  to  normal  human  subjects  increased  the  urate  content  of  the  blood,  prcsunul 
by  diminishing  the  permeability  of  the  kidneys  (Hammctt  ei  at.,  1920). 

Use  of  Pituitary  in  Diabetes  Insipidus. — Hypodermic  injections  of  solutions  oil 
posterior  lobe  greatly  diminish  the  thirsty,  and  the  volume  of  the  urine,  and  increase 
specific  gravity  and  the  percentage  of  chlorids  and  nitrogen  (Velden,  1913;  Gniul,  19: 
KleebUilt;  Konschegg  and  Schuster,  1015;  G.  Hoppe-Scyler.  1915:  Motzfcldt.  iqi 
The  kidneys  resume  the  power  of  concentrtiting  tnc  urine  considerably  ( Christie  1 
Stewart,  1917).  The  action  is  confined  to  the  posterior  lobe.  It  requires  at  I« 
two  injections  per  day  (1  c.c.  of  the  ordinary  extract  of  the  posterior  lobe),  six  ho 
apart.    Oral  aaministration  is  incfBcient  (Barker  and  Mosentbal,  1917). 

RESPIRATORY  CENTER 

This  is  affected,  both  directly  and  through  the  circulatory  changes.  With  intrav 
ous  injection,  Paukow,  191  2,  describes  a  primar>-  arrest  during  the  fall  of  p: 
then  an  increase  and  a  second  stoppage  during  the  rise.  Nice.  Rock  and  Courtri| 
19 14,  describe  the  chiiractcrisUc  effects  as  primary'  increase  of  depth,  followevl 
shallow  and  gencrallv  slow,  but  sometimes  quickened  respiration.  The**  disturhai 
set  in  with  the  circulatory  changes,  but  are  not  as  lasting.  They  fail  to  occur  aft- 
few  injections  have  been  made.  In  frogs,  tadjwles  and  fish,  the  center  is  pml] 
(Hepner,  rois).  '"■'^ 
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Bronchial  Muscle  and  Asthma. — Frochlich  and  Pick.  1013,  found  fatal  bronfhiui 
tfum  in  guinea  pigs.  This  is  peripheral,  i.e.,  preventable  l)y  atropin,  but  not  bv  section 
« tugi.  It  occurs  also  in  the  surviWng  lung  of  dead  animals  (Baebr  and  Pick,  IQ15). 
Btooe,  191.1,  obser\-ed  no  effect  on  isolated  bronchial  muscle. 

Pituitary  has  been  tried  clinically  in  asthma  (Brochardt,  1913);  but  the  results  arc 
Mt  promising.  Lanari.  1915,  even  reports  a  patient  in  whom  pituitary  provoked  asth- 
mtic  attacks. 

DTERDS 

In  the  body  and  on  the  excised  organ,  even  very  small  doses  of  pituitary 
liave  a  marked  augmeniary  effect,  and  increase  the  excitability  to 
hypogastric  stimulation  (Dale.  1907;  Frankl-Hochwart  and  Froehlich, 
1910).  This  occurs  in  all  animals,  pregnant  or  non-pregnant  (Fuehner, 
1913;  Gunn  and  Gunn,  1914)-  The  action  has  been  used  for  a  bio-assay 
(Dale  and  Laidlaw,  1912;  Roth,  1914;  U.  S.  P,  IX). 

Human  uterus,  non-pregnant  or  pregnant,  in  vitro  or  excised,  is  also 
thrown  into  extreme  contraction. 

U«b,  1914  and  iQiS.  described  differences  between  pregnant  and  nonpregnant 
iittrus,  but  was  evidently  in  error  {Gunn,i9i4;  Charteris,  lor?;  Webster; Sollmann). 
The  tubes  are  not  contracted  by  pituitrin.  in  distinctiou  to  epincphhn    (Gunn). 
Tlie  round  ligament  also  does  not  respond  (Webster). 

tscessive  concenirations  of  pituitary  (also  of  histamin)  depress  the  excised  uterus 
'J  mice  and  guinea  pigs;  but  rats*  uterus  is  not  depressed  by  pituitary  in  any  conccn- 
intion  (Abel  and  Macht,  igig). 

'u'tion  of  Epinephrin  and  Pituitary. — Epinephrin  normally  relaxes  the  excised 
I  uuinea  pigs  and  of  non~pregnant  cats;  but  if  these  uteri  arc  first  treated  with 
:  V .  ihc  addition  of  epinephrin  causes  them  to  contract  (Cow,  1919). 

USE  IN  OBSTETRICS 

This  was  introduced  by  Bell,  1909.  Its  efficiency  for  hastening  de- 
livery and  checking  postpartum  hemorrhage  has  been  generally  confirmed 
lalso  in  animals;  Lescohier  and  Closson,  1912).  It  fails  in  some  cases 
iBoight,  1911).  Excessive  doses  are  dangerous,  the  powerful  contrac- 
tions dosing  the  cervix,  preventing  delivery  and  producing  local  necrosis 
iGrumann,  1913),  and  sometimes  even  rupture  of  the  viscus  (Espeut, 
'01.?;  Zuellig,  1915;  also  J.A.M.A.,  1914,  62  :  1421).  It  may  also  pre- 
vent delivery  if  injected  during  the  first  stage  of  labor.  After  this,  and  in 
'Toper  doses  (i  c.c,  repeated  in  an  hour  if  necessary)  it  is  not  dangerous 

mother  or  child.  It  does  not  produce  abortion  before  term,  and  is  most 
live  when  the  os  begins  to  dilate  CMalinowsky.  1914). 


LJ«m 


Duraiicn  of  Action. — The  uterine  stimulation  becomes  apparent  within  10  minutes 
^tcr  intramuscular  injections,  reaches  its  maximum  in  half  an  hour,  and  then  fades 
^'^it  rapidly.  Further  injections  of  }^  c.c.  may  be  made  whenever  the  stimulation 
■.•JTT5  to  fade,  every  half  hour  if  necessary,  without  cumulation  (Watson,  1920). 

iter  high  fatality  of  mother  and  fetus  was  tabulated  by  Mundell.  1916  and  10J7. 
I'icrs  that  the  single  dose  should  be  reduced  to  \^  c.c,  but  this  may  be  repeated 
^ucntly. 
nnre  Webster  injects  a  few  drops  of  pituitary  extract  directly  into  the  uterine 
tu  secure  a  hrm  and  bloodless  field  for  incision,/.!,  in  Cesarean  section. 

URINARY  BLADDER 

The  vesical  muscle  is  stimulated  and  the  excitability  increfl^d   to 
pelvic,  but  not  to  h>'pogastric  stimulation  (Frankl-Hochwart  and  Froeh- 
/ich,   1910).     This  has  been   utilized   in  postoperative  paralysis    of  the-       ^^ 
Madrler  (Hoffstittter,  191 1;  Fellcnbcrg,  1911  ). 
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INTESTINES 

These  show  primar)'  inhibition  of  contractions  through  sympatic 
stimulation  central  to  epinephrin;  followed  by  increased  contract 
through  stimulation  of  Aucrbach's  plexus  and  its  postganglionic  fil 
(Bayer  and  Peters,  191 1).  The  slimulant  effect  has  been  usedclinic 
in  paralytic  distention  of  the  intestines,  especially  after  operations  (1 
and  Hick,  i^og).  Its  efficiency  is  still  under  judgment;  Bidwel],  19] 
claims  a  limited  usefulness. 


Sbamoff,  1916,  and  lloskins,  1916,  found  that  the  intestinal  action  varies  greattj 
different  preparations,  some  even  relaxing,  like  epinephrin.  '•  Hypffphysin"  w 
cialty  relaxing,  but  extracts  of  fresh  glands  also  gave  this  result"  The  blood  press! 
testa  of  these  preparations  gave  the  normal  response. 

Roth,  iQi7,  findi4  that  this  depression  is  at  (cast  in  part  due  to  the  action  of  ci 
tone,  when  this  presen'ative  has  l>een  added. 

The  muscle  footh  circular  and  lonRitudinal)  of  the  frog's  esophagus  is  dcpr 
pituitary  (Waddcll,  1916). 

pupas 

Pituitary,  on  intra\cnous  injection,  constricts  the  pupil,  in  normal  rabbits  or 
gangliectomy.  It  counteracts  epinephrin  dilation  (Githens  and  Meltzer.  IQ17).  F: 
respond  to  pituitary  by  dilation.  fOtt  and  Scolt,  loog,  claimed  that  he  pupils 
gangliectomized  mammals  arc  also  dilated;  ovan.',  thymus  and  mammary  have  noeSi 
on  the  pupil). 

INVERTEBRATES 

Paramecium. — Pituitary  extract  increases  the  pulsation-frequency  of  tbecootnd 
vacuole. 

LACTEAL  SECRETION 

Ott  and  Scolt,  igio  and  igi2,  discovered  a  marked  galactagogue  effect  in  gol 
a  number  of  other  gland  extracLs,  especially  of  the  sexual  apparatus,  had  a  similar  I 
weaker  action.  The  observations  vyere  confirmed  by  Mackenzie,  and  by  all  subseq 
workers.  The  increase  occurs  within  tiflcen  minutes  after  the  intravenous  or  hyp 
mic  injection;  but  there  Ls  a  corresponding  decrease  at  the  next  milking,  so  that  toe 
output  of  milk  is  not  changed  (Hammond,  1913;  Hill  and  Simpson,  1914),  The 
content  is  increased  at  the  Jirst  milking,  without  decrease  at  the  next.  The  no 
solids  are  not  affected  (Hill  and  bimpson,  1914)-  If  the  injections  are  rei>eated 
long  periods,  the  effect  is  lost  (Simpson  and  Hill,  1915).  No  increase  of  milk  ifi 
occur  in  cows  (Gadin,  1913)  or  human  (Schaefer,  1913);  but  Hill  and  Sim 
found  that  intramuscular  injection  of  1  c.c  of  pituitaiy  solution  in  the  fif 
human  l.ictation  was  followed  by  marked  increase  of  milk  and  fat. 

Mechanism  of  Action  on  Milk. — The  fact  that  the  response  (in  goats}  is  pei 
within  half  a  minute,  as  also  the  secondary  decrease,  suggest  that  the  increase  is 
due  to  secretion,  but  merely  to  the  more  complete  expression  of  stored  milk  by  con' 
lion  of  tlic  smooth  muscle  of  the  gland  (Simpson  and  Hill,  1914)-  The  increase  of 
fat  would  agree  with  this.  Gaines,  1915  (full  discussion  of  tlie  subjects  pre 
manometric  evidence  of  such  contraction  in  luctating  gland.^  (nonlactaiing  glan 
not  respond).  Simpson  and  Hill,  1915.  point  out  that  barium  does  not  increase 
milk,  although  it  stimulates  the  muscle  powerfully;  but  this  would  be  countc; 
the  intense  vasoconstriction. 

OTHER  SECRETIONS 

SaliTA. — Intravenous  injection  into  dogs  diminishes  the  flow  of  saliva,  part( 
decreased  blood  flow,  partly  by  direct  depression  of  secretion.  The  response  to 
carpin  is  also  diminished  (Solem  and  I^mmen,  191 5). 

Pancreatic  Secretion. — This  is  decreased  fPemberton  and  Sweet),  through 
constriction  (Kdmuml?). 

Cerebrospinal  Fluid. — Pituitary  affects  the  pressure  merely  through  itscirculi 
changes  (Dixon  and  Halliburton,  101,1  and  1914)- 

0»w,  1915,  believes  that  the  pituitary  principle  occurs  sometimes  in  the  ccn 
spinal  fluid;  especially  after  injection  of  extracts  of  the  duodenal  mucosa,  whk 
considers  as  a  stimulant  of  pituitary  secretion. 
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Toxic  Actions. — Aside  from  the  accidents  arising  from  actions  on  smooth  muscle, 
tticii  a5  nipturc  of  the  uterus  or  asphyxiation  of  the  fetus,  toxic  effects  are  rare  and 
^tseraliy  unimportant.  Seifert  (Xebenwirk,  igrj,  page  206)  cites  the  following: 
Hooiiu^,  anxiety;  albuminuria;  unconsdousne&s;  eclamptic  attacks^  mydriasis; 
iiuurosts;  diarrhea. 

MettboUsm. — Excessive  and  long -continued  doses  are  said  to  produce  ataxic  and 
fflofor  symptoms,  emaciatioD  and  disturbances  of  iorhohydratc  mdahoHittt.  Weed, 
Cii&hing  and  Jacol^on,  iqi^s.  believe  ihat  this  is  influenced  by  the  posterior  lobe. 
Injections  of  pituitary  lower  the  assimilation  limits  for  carbohydrates,  and  cause 
^)CQ^nol>'sis  and  glycosuria.  Stimulation  of  the  hypophysis  in  dogs  produces  hyper- 
givremia,  even  when  proper  precautions  are  taken  against  asphvxia,  neighboring  slruc 
tsres,  etc.     No  result  is  obtained  after  section  of  the  splancimlcs  (Kecton  and    Becbt, 

mj). 

STANDARDIZATION 

Some  extracts  are  seven  or  eight  times  as  active  as  others.  In  view  of  the  powerful 
fleets,  they  should  therefore  he  standardized.  Various  methods  have  been  proposed, 
ud  their  results  are  not  parallel  (Roth  igi?).  The  contractor  effect  on  the  excised 
BlOTutRoth's  method)  was  adopted  by  the  U.S. P.  IX.  Hamilton,  1917,  contends  for  a 
Uood  pressure  method. 

Spaeth,  1Q18,  proposed  the  use  of  the  chroma tophores  of  fish  scales  (fundulus), 
vitb  KQ  as  standard. 

PREPARATIONS — PITUITARY 

Hyp9pkysis  jfcc.,  U.S.P.;  Desiccated  Hypophysis. — The  posterior  lobe  of  the  pitui- 
Orr  body  of  the  ox,  cleaned,  dried,  and  powdered.     Dose,  0.03  Gm.,  H  gr.,  U.S. P. 
*Uq.  Hypophysis,  U.S.P.;  Solution  of  H>7wphysis  (PUuitary  Solution). — Prepared 
acting  the  fresh  posterior  lobe  of  bovine  pituitary  with  slightly  acidulated  water, 
Altering  and  sterilizing.     Standardized  on  excised  uterus  against  histamin. 
I  cc,  15  minims,  U.S.P.,  hypodernuc. 
Alcohol  is  not  a  solvent  for  the  active  principle;  nor  does  it  destroy  it  (Hamilton, 
1918.1. 

fHte  pituitaries  of  carnivorous  and  omnivorous  animals  furnish  more  active  extracts 
tb&  those  of  hcrbivora  (G.  B.  Koth,  1917). 

Anterior  Pituitary  Lobe. — Cmeral  Statrmmi. — The  actions  of  tbis  are  quite  dis- 
tnct  from  those  of  the  posterior  lobe.     It  has  but  little  effect  on  smooth  muscle;  but 
to  influence  metabolism,  growth  and  sexual  development.     The  effects  on  growth 
to  be  due  to  a  peculiar  lipoid,  "tethelln.** 

ision  and  Disease. —  Total  removal  is  followed  by  death  in  a  short  time  (Paulesco, 
*#>;;  Refurd  and  Gushing,  1909;  Crowe,  Gushing  &  Homans,  iqio.  Partial  removoJ 
'iUrae  leads  to  retarded  growth  or  infantilism,  obesity,  and  other  nutritional  derange- 
ments. Hyperactivity  (as  in  acromegaly;  P.Marie,  18S6)  is  characterized  by  accelerated 
*sd abnormal  growth  (gigantism). 

ftrdin^  xHth  .Anterior  Pituitary  Lobe. — Confusing  results  have  been  reported;  the 
Kwilts  being  apparently  influenced  by  the  maturity  of  the  animals,  the  state  oC  the 
tiyfoid,  and  otner  unknown  conditions. 

Il  has  been  claimed  that  feeding  with  the  fresh  or  dried  gland  in  thepre-adolescent 
period  retards  growth  fas  judged  by  weight  and  length  of  bones),  but  stimulates  sexual 
drvtlopment.  In  full^*  grown  animals,  it  accelerates  growth,  including  the  replacement 
of  tissue  lost  by  inamtion;  the  healing  of  granulating  wounds,  etc  (T.  B.  Robertson, 
JQifr).  Since  then,  Robertson,  igig,  defines  the  effect  on  mice  as  temporary  retardation, 
liid  later  compensatory-  acceleration  of  growth. 

J.  A.  Larson,  iqiq.  claims  some  acceleration  of  growth  and  prolongation  of  the  life 
f  rats,  on  feeding  anterior  pituitar>'  lobe.     The  effect  apjjeared  to  be  greater  on  males 
on  females.     The  most  striking  results  were  obtained  ajtrr  thyroidectomy,  when 
lary  prevented  the  usual  fatal  issue. 
'  .  toi6.  slates  that  with  rats  excessive  doses  produce  digestive  and  nutritional 
ccs;  and  if  the  posterior  lobe  is  also  fed,  nervous  derangements, 
ilal  Tract. —  R.  T.  Frank,  lO'Q.  failed  to  obtain  I'ny  definite  effects  from  feeding 
crior  or  posterior  pituitary  lobes. 

roduction  of  Chickens. — S.  Simpson,  1930,  failed  to  confirm  the  older  claims 
is  increased. 
Grtfwik  of  Tadpol€S.'^Vet(i\x\ft,  with  anterior  pituitary  accelerates  growth  and  prevents 
growth  retardation  thai  normally  ensues  after  excision  of  the  anterior  pituilar>' 
Smith,  1919^ 
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Mcicmorphosis  of  Tadpoles, — Allen,  1919,  observed  that  this  does  not  occur  if  eil 
the  pituitary  or  thyroid  are  removed;  but  that  it  occurs  in  the  absence  of  both 
if  iodin  i&  administered. 

Therapeutic  Uses. — These  arc  in  the  exiKrimental  stage.     Improvement  has 
reported  following  the  administration  of  the  dried  anterior  lobe  (0.05  to  0.35  Gra.| 
to  4  gr..  in  powder  or  tablets)  in  the  later  stages  of  acromegaly;  in  dystrophia  adi] 
genitalis;  and  in  certain  cases  of  obesity.    It  is  contraindicated  in  early  stagesof ; 
megaJy. 

TETHELIN 

General  Statement. — This  is  a  lipoid,  isolated  from  tbe  anterior  pituJtap'  lobe  b 
T.  B.  RobcrLson,  igi6,  and  considered  by  him  as  the  constituent  responsible  for  t^ 
influence  of  the  gland  on  growth.  It  retards  growth  on  systemic  administratioi 
but  local  application  stimulates  the  growth  of  epithelium  and  of  carcinoma.  ^ 

Effects  ott  Growik. — When  fed  to  young  animals  (mice),  tethelin  considerabl 
retards  growth  (as  also  do  cholesterol  and  egg-lecithin).  After  puberty,  this  eSa 
is  largely  lost,  so  thai  there  is  a  compensator)'  acceleration  of  growth,  c\'€u  if  tl 
tethelin  feeding  is  continued,  but  more  rapid  if  the  tethelin  is  omitted.  The  acceicratio 
of  growth  is  therefore  not  a  direct  effect  of  the  tethelin  but  is  merely  compensator 
(Robertson  and  Ray.  iqig). 

Duration  of  Life. — The  tcthclin-fcd  mice  live  about  12  per  cent.  longer  than  th 
control  animals.    This  is  probably  connected  with  the  slower  growth.     .\  special  caos 
for  increased  longevity  is  the  delayed  incidence  and  growth  of  cancers  f  Robertson 
Ray,  rgxg). 

Carcinoma. — Feeding  of  tethelin  tends  to  retard  the  growth  of  cancer;  but  its 
injection  in  rat  carcinoma  increases  the  growth  of  the  tumor  and  tends  to  met 
analogous  to  anterior  pituitor}'.     Lecithin  retards  (Robertson  and  Burnett,  iqi6). 

Appli^aiion  to  Wounds. — Local  application  appears  to  hasten  the  healing  of  ulc 
fractures,  etc.  The  therapeutic  application  of  this  action  is  still  in  an  cxpcrimci 
stage. 

Toxicity;  Excised  Uterus. — Tethelin  is  non- toxic.     It  does  not  affect  excised  ul 
(C.  A.  Schmidt,  igi?). 


THYROID  PREPARATIONS 

General  Statement. — The  administration  of  thyroid  gland  is 
successful   in  combatting   the  phenomena  of   thyroid   deficiency- 
edema,  cretinism,  etc. — whether  the  deficiency  be  congenital  or  acq* 
by  disease  or  operations.     The  benefit  persists  practically  only  as  long« 
the  administration  is  continued.     Metabolism  is  increased  also  in  nornul 
individuals^  first  the  nitrogen,  then  fats.     Thyroid  is  therefore  used  against 
obesity.     However,  it  is  a  dangerous  remedy,  excessive  doses  causii 
nervous   symptoms.    Thyroid  administration   alters   the   susceplibil 
to  certain  poisons.     Acute  effects  are  slight  and  inconstant,  even  on  inl 
venous  injection. 

Active  Constituent. — This  has  been  isolated  by  E.  C.  Kendall 
named  "'Ihyro.xin''  to  emphasize  the  importance  of  its  oxyindol  cont< 
It  also  contains  a  considerable  percentage  of  iodin,  which  is  thus  chai 
istic  of  the  gland. 

The  active  principle  is  confined  to  the  colloid  material  of  the  glan< 
where  it  occurs  presumably  in  combination  with  the  chief  protein  com 
ponent  of  the  coUoid,  "thyro-globulin."  A 

Structure  and  Properties  of  Thyroxin. — This  was  split  off  in  crystalline  form  b 
Kendall  in  iqi.)  and  ?qi6,  and  tirst  named  "alpha-iudin,"  to  distinKuish  it  from  not 

crystallin  active  forms  of  iodin,  "  beta-iodin"  which  are  contained  in  the  gland  in  al 

equal  amount. 

Kendall.    1016,   has  definitely   established   the  chemical  structure  of  thyrozivj 

synthesis  as: 
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Slnieiiire  and  Aciion. — Kendall,  1019,  believes  that  the  oxyindol  group  is  the  essential 
put  in  tbe  action  on  metabolism,  for  this  is  abolished  if  the  H  in  the  imiao  group  is 
HfilKcd  by  acetyl. 

The  indol  ring  is  easily  opened  by  hydration; 
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to 
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H 

Tliis  change  appears  to  be  connected  with  energ>'  production,  acting  perhaps  as  a 

Tbe  iodin  is  considered  by  Kendall  as  of  subsidiary  importance.  He  assumes  that  it 
Wives  merely  as  an  activator.  It  is,  however,  a  lair  index  of  the  thyroxin  content  of 
iWgiiflds.  It  ia  concerned  sf>ccifically  with  the  action  on  the  metabolism  of  tadpoles, 
•*i»th appears  to  be  independent  of  the  imino  group. 

Rdaiion  of  Activity  and  Iodin  CoiUent. — The  relatively  large  percentage 
« iodin  in  thyroid  gland  early  fixed  the  attention  of  investigators.  When 
oiieria  of  thyroid  activity  were  developed,  such  as  the  therap>eutic  effi- 
Qency,  increased  nitrogen  excretion,  acetonitrile  test,  tadpole  test,  etc.,  it 
»u found  that  these  are  roughly  proportional  to  the  iodin  content  of  the 
liyroid  preparations  (Hunt.  191 1:  Marine,  1913);  although  the  cor- 
f^adence  is  not  absolute  (RogofT,  1917). 
Specificity  of  Thyroxin  Iodin. — The  characteristic  thyroid  actions  are 
.produced  by  the  inorganic  and  most  of  the  organic  iodin  compounds, 
Ktvcn  by  most  iodized  proteins,  except  after  they  are  assimilated  by 
thjToid. 

Thyroxin,  on  the  other  hand,  produces  all  the  effects  of  thyroid  admini- 
itbn,  although  its  proportion  in  the  fresh  gland  is  generally  only  i  :  10,- 
),atmost  I  :  4,000.     The  inert  B  form  is  perhaps  an  intermediate  stage. 
practically  devoid  of  iodin  may  also  possess  a  slight  activity. 

Tkyroglcimlin. — Oswald  (1899,  iqc%,  and  1909)  recognized  that  the  activity  of  the 
'"  is  confined  to  its  iodin  containing  colloid,  Lhyro-globulin.     The  iodin  content 
gtobutin  averages  about  0.35  per  cent,  but  varies  from  o  to  1,3  per  cent.     It  was 
assumed  that  the  globulin  may  either  take  up  various  amounts  of  iodin 
1911),  or  that  the  gland  contains  a  mixture  of  iodinizcd  and  iodine  free  globulin 

lyroid  also  contains  muleo- proteins;  mainly  in  the  nuclei,  and  therefore  in  inverse 
the  culloid  CBcel)c,  191 7). 

iodio  is  confined  to  Uie  colloid;  practically  none  is  present  in  the  cells  of  the 
[Tatum,  1919). 
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Cleavage 
F.  C.  Koch, 


Products. — The   iodized    thyreoglobulin    h&s   been    further  fractionated. 
igi.3,  finds  that  the  full  activity  is  contained  in  the  metftprotein  fraction 


of  the  thyreoglobulin;  the  simpler  dcavage  products  sbowng  less  and  less  activity  per 
unit  of  thyroid.     Pick  and  Pinelcs,  1909,  also  claim  ihal  completely  digested  thyroid 
is  less  efficient  in  myxedema.     Both  statements  appear  to  conflict  with  the  universai 
experience  that  oral  administration  is  effective,  although  it  may  be  assumed  that  coai|^ 
plcle  cleavage  occurs  before  the  tissues  are  reached.  ^^ 

lodothyrin. — This  is  a  cleavage  product  prepared  by  Baumann,  ]8>96,  containu^H 
from  4.5  to  i$.\  per  cent,  of  iodin  (Oswald;  Kocn,  1903).  It  docs  not  give  the  proteio 
reactions,  and  is  very  resistant  to  heat  and  reagents.  Baumann  and  Koos.  iSglJ,  and 
Hildebrandt,  1896,  claimed  that  it  has  the  therapeutic  actions  of  thyroid;  but  most 
later  observers  have  obtained  rather  negative  results.  The  commercial  product  con- 
tains much  less  iodin  fas  little  as  0.014  P^f  cent.;  Hunt  and  Seidell,  1910),  sometimes  in 
loose  combinalioiis. 

Iodin  Content  of  the  Glands. — This  averages  about  0.15  too.j  percent,  for  dr>'.  and 
0.03  to  0.06  per  cent,  for  moist  glands.  (The  average  percentage  for  moist  glands  a 
given  by  .Mdrich,  igij,  as  0.OJ5  for  sheep;  0.036  for  beef;  0.047  fo""  hogs.)  It  is  subject 
to  great  variations,  particularly  in  goiUr.  In  hj'perplastic  goiters,  the  percentage  and 
total  iodin  are  both  greatly  diminished,  proportional  to  the  histologic  changes.  In 
colloid  goiters  the  percentage  is  diminished  to  a  less  degree  (Marine  and  Williams,  1008I 
Iodin  is  said  to  be  absent  in  wild  carnivorous  animals,  and  sometimes  in  domestic  1  Rooc, 
iSqq),  but  this  must  be  rare.  Contrary  to  older  statements,  Fenger,  1913  and  1915 
found  it  in  iht  fetus  of  domestic  animals  long  before  birth.  Its  asserted  absence  from 
the  human  fetus  therefore  seems  to  require  further  confirmation. 

The  iodin  undergoes  marked  seasonal  varUUioHs,  the  percentage  being  three  tiinc< 
greater  (with  smaller  glands)  in  June  to  November,  than  in  December  to  May.  Il 
diminishes  gradually  from  about  September  till  March  or  April,  and  then  incream 
abruptly  until  September.  The  changes  appear  to  be  connected  mainly  with  i)k 
prevailing  temperature;  although  diet  and  the  reproductive  season  are  not  dc6nildy 
excluded  (Seidell  and  Fenger,  1913  and  1914).  The  iodin  is  also  decreased  by  stiBio* 
lation  of  the  nerves  going  to  the  gland  (Rahe,  Rogers,  Fawcclt  and  Beebe,  1914). 
this  is  due  simply  to  vasoconstriction  (Watts,  1915)- 

Iodin  in  Other  Organs. — It  is  noteworthy  that  organic  iodin  compounds  can  nolb* 
demonstrated  in  any  other  mammalian  tissues  than  the  thyroid  (Blum  and  C!ruetiocfi 
1914). 


Effect  of  Administration  of  Iodin  Compounds. — These,  whether  inor- 
ganic, or  organic,  materially  increase  the  iodin  content  of  the  gland,  wi' 
corresponding  increase  of  its  activity,  and  characteristic  anatomic  chang 
(involution  of  hyperplasia  (Marine)).  The  selective  affinity  of  the  thy** 
roids  is  very  high,  relative  lo  ihe  other  tissues  (Marine,  1015).  Hunt.  1007 
points  out  that  part  of  the  pharmacologic  action  of  ordinary'  iodids  may  be 
explained  by  their  conversion  into  thyroid  secretion;  and  this  is  obviously 
their  efifcct  in  thvroid  tlisease. 


'i 


When  iodin  compounds  are  fed,  iodin  is  taken  up  by  the  thjToid  tissue  to  the  point 
of  saturation,  which  averages  about  5  to  6  mg.  of  iodin  per  gram  of  dried  thyroid.  The 
selective  affinity  is  so  strong  that  as  high  as  18.5  per  cent,  of  a  given  intake  (oral)  <>! 
iodin  was  recovered  from  a  thyroid  whose  ratio  to  the  body  weight  was  i  ;687  (Mannv 

1915)-  .. 

The  iodin  content  can  also  be  increased  by  the  injection  of  blood  of  hyperthyTflw. 
and  decreased  by  that  of  thvroidectomizcd  animals  (Jones  and  Tatum.  19 13). 

Elaboration  of  . if  live  Iodin  Componnd.^Dxxs  has  been  investigated  by  Marine  isd 
Rogoff,  igi6.  Inorganic  iodin  was  injected  into  the  veins  of  dogs;  the  thyruids  wei* 
excised  after  \'arious  intervals,  and  le-sted  chemically  and  on  tadpoles.  The  iodin  i> 
fixed  by  the  gland  \«'ithin  five  minutes  after  injection;  but  the  active  compound  b  oot 
formed  until  8  hours,  and  is  not  complete  for  20  hours.  Tliis  is  about  the  lime  when  tht^ 
histologic  involutionary  changes  start,  supporting  the  xicw  that  the  iodin  eUbont 
and  the  evolution  are  connected. 

The  rate  of  the  formation  of  the  active  iodin  compound  varies  in  di0erent  dc 
independent  of  the  total  iodin  or  histologic  condition  of  the  gland,  of  age.  sex,  etc. 
is  suggested  that  this  may  depend  on  differences  in  the  quantity  of  a  hypothei 
"mother-substance." 
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Ariijiciaily  Iodized  Proteins, — Rogoff  and  Marine,  1917,  obtained  a  positive  tadpole 
lest  from  arti6cially  iodized  ox  serum.  The  activity  was  less  than  that  of  thyroid, 
fand  was  dc.'-Lroyed  oy  alkaline  hydrolysis. 

Perfusion  of  Thyroid. — Freshly  excised  thyroid  takes  up  and  fixes  potassium  iodid 
Iroin  the  perfusion  duid,  presumably'  in  an  organic  form,  so  that  it  can  not  be  washed  out 
Iqt  Ringer's  solution.  The  amount  fixed  is  independent  of  the  iodid  concentration  of 
the  perfusion  fluid,  but  is  larger  for  hyperplastic  than  for  colloid  glands,  and  is  about 
tquil  to  the  amount  bxed  in  the  living  animal,  in  the  same  time  (an  hour),  with  intra- 
venous injection.  In  neither  case  does  the  iodin  absorbed  by  the  thyroid  produce  the 
r'fic  effect  on  tadpoles;  so  that  a  further  elaboration  in  the  gland  is  necessary  (see 
e).  The  iodin  fixation  of  perfusion  does  not  occur  when  the  gl;ind  becomes  dis- 
oreinizcd  by  autolysis;  nor  docs  it  occur  on  perfusing  other  orRans  than  the  thyroid 
(Mannc  and  Keiss,  1915). 

Pajsaj^f  of  Active  Thyroid  Srtretion  into  the  CircuJalion. — It  must  be  supposed  thai  the 
tbrroid  secretion  is  distributed  by  the  blood;  howc\*cr,  the  concentration  m  the  blood  is 
too  small  to  be  demonstrated  even  by  the  tadpole  test  (Rogoff,  xgiS). 

fak  of  Thyroxin. — When  large  doses  are  administered,  nearly  two-thirds  are  rapidly 
ncKted  especially  by  the  bile  (to  60  per  cent.)  and  urine  (to  8  per  cent.)-  About  a 
third  is  retained  in  the  body  for  longer  periods  (Kendal!,  loig). 

Thyroid  Deficiency. — Complete  excision  of  the  thyroid  apparatus  (Cachexia  slrumi- 
privi)  cau'U'S  a  series  of  acute  effects,  motor,  nervous  and  metabolic,  which  arc  more  or 
Iw  npidly  fatal  in  most  animals,  especially  in  carnivorie.  (These  results  were  first 
ilcscribed  by  Schiff,  1856;  Reverdin,  1882;  and  especially  Kocher,  1883;  the  literature  is 
ftiiewed  by  Vincent,  191 1.)  If  the  parathyroids  are  spared,  the  motor  symptoms  and 
htality  are  much  less;  and  the  metabolic  disturbance,  though  no  less  severe,  runs  a 
bore  chronic  course.  In  man,  thyroid  deficiency,  when  occurring  in  adults,  results  in 
Uysedcma,  with  the  conspicuous  skin  changes  and  nervous  disturbances  ending  io 
RKOtal  deterioration.     Congenital  deficiency  produces  the  condition  of  Creiinism, 

Biperimental  Cretinism. — Complete  thyroidectomy  in  young  rabbits  is  said  to  be 
Ubved  by  t\-pir£il  cretin  phenomena,  such  as  dry,  rough  hair,  rctarried  growth,  skin 
dugcs,  etc.  These  arc  perfectly  controlled  by  feeding  dried  thyroid  or  its  cleavage 
pRNhicts  if  the  hydrolysis  has  not  gone  too  far.  Kendall's  "B"  compound  was  in- 
fective; so  was  transfusion  of  normal  blood;  whereas  the  serum  of  thyroid-fed  animals 
ns  moderately  efficient  (H.  R.  Basingcr,  19x6). 

Therapeutic  Results  of  Thyroid  Feeding. — The  deficiency  symptoms 
Wc  more  or  less  completely  relieved  by  the  administration  of  thyroid  by 
mouth  (Howitz,  Mackenzie,  Fox,  1892),  as  well  as  by  intravenous  injec- 
(Colzi,  1884;  Murrey,  1891)  by  thyroxin,  or  by  implantation  of 
Syroid  tissue  (Schiif,  1884). 

Administratiozi. — The  dried  gland  is  the  most  convenient  form,  either 
l«  powder  or  tablets.  The  laUer  ordinarily  contain  0.15  Gm.,  2  gr.  of 
<lned  gland.  The  treatment  must  be  practically  continuous,  but  over- 
i1f«s  must  be  avoided. 

h  mav-  be  begun  with  0.15  Gm.  per  day,  increasing  by  this  amount  every  few  days 

I  manmum  of  0.25  Gm.,  4  gr.,  three  times  daily,  best  on  an  empty  stomach.     If 

'toxic"  effects  appear,  the  dosage  must  be  temporarily  reduced.     When  the  full  thera- 

iction  has  been  reached,  the  dose  may  be  reduced  to  0.5  Gm.,  7^  gr.  daily,  and 

every  second  day  for  a  month.     The  administration  may  then  be  intermitted  for 

and  resumed  in  a  similar  way  when  the  indications  a^ain  arise.     It  is  claimed 

ancnic  (10  to  15  drops  of  Fowler's  solution  daily)  increases  the  tolerance. 

Means  and  Aub,  1919,  found  that  the  basal  metabolism  in  hypothyroidism  is  restored 

*>  normal  by  daily  doses  starting  witli  0.2  to  0.35  Gm.  (3  to  4  gr.)of  the  dried  gland, 

I  later   0,05    to   0.1   Cm.  (i  to  2  gr,).    In  view  of  this,  the  usual  dosage  appears 

Bcccss&rily  high. 

Oferdosage. — This  is  denoted  by  circulatory,  nervous,  digestive,  and 
Uibolic  disturbances,  resembling  superficialfy  those  of  Graves'  disease. 

^jmyUms. — These  are  palpUaiion;  rapid  and  often  irregular  pulse;  vascular  conges- 
»  Headache  and  muscle  pxiins;  tremors  of  extremities;  nervousness;  inxomnja; 
nxta-.diaphorens;  irritations  of  skin;  hyperpyrexia.     Pol>'phagia,  or  loss  of  appetite, 
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nausea,  \'omiliQg  and  diarrhea.    Sometimes  albuminuria  and  gl>'cosuria.     Scotoma 
been  described  (Snydacher,  igri).     In  fatal  casesj  uncontrollable  vomiting,  collapse 
and  coma.    Cretins  arc  said  to  be  more  susceptible  to  the  toxic  effects  (Ba$ingcr,  igio). 

Szperimeata]  Administration.— This  produces  similar  effects,  but  the  resistance 
varies  greatly  in  different  animals,  carnivor^e  being  less  susceptible.  The  most  constant 
features  are  emaciation,  gastroenteritis  and  diarrhea;  but  no  tachycardia,  nervousnesi 
or  exophthalmos.  Death  may  occur  with  con\'uIsant  or  depressant  symptoms.  Fresh, 
dried,  or  stale  glands  produce  the  same  effect  (Carlson.  Rooks  and  McKie,  igi  2;  Pre 
1912).  Hypertrophic  thyroid  is  less  toxic  than  normal,  in  accordance  with  its  lower  i 
content  (Stoland,  1912).' 

The  effects  of  th>*roxin  are  produced  so  slowly  that  they  are  in  large  part  indirect;  for 
a  single  ma.ssivc  injection  is  generally  almost  inactive;  whereas  the  same  dose  may  be 
fatal  when  divided  over  a  number  of  days  (Kendall,  iqio)- 

Gudcmatsch,  1Q15,  found  that  small  doses  of  thyroid  fed  to  rats  tend  to  pre\xnt  1 
ception.  If  pregnancy  occurs,  the  young  either  abort,  or  die  early,  or  grow  less  t 
normals.  The  detrimental  results  are  the  same  whether  the  feeding  has  been  to 
mother  or  father  alone. 

Synergism  with  Aminoodids. — Kendall,    1916,  found  that  thyroxin  also  prodi 
symptoms  analogous  to  exophtiialmic  goiter,  but  has  no  direct  effect  on  tne  ptt 
rate,  even  on  intravenous  injection.     If,  however,  amino  acids  are  injected  at  the 
time,  there  are  marked  disturbances  of  the  pulse  rate  and  of  metabolism,  which 
even  be  fatal.     Kendall  (1Q17)   believes  that  this  involves  also  the  suprarenal  ■ 
parath>Toid  glands,  but  the  evidence  is  not  convincing. 

"Experimental  Hyperthyroidism." — Gvnnon,  Ringer  and  Fitz,  1915  and  1916, 
to  produte  this  condition  by  fusion  of  the  phrenic  with  the  ter%'ical  sympathetic  ner 
believing  that  this  would  result  in  continued  stimulation  of  the  sympathetic  structun 
Including  the  thyroid. 

They  obtained  symptoms  which  they  interpreted  as  "hyperthyroidism."    Howe 
careful  repetition  of  the  ^^-ork  by  others  (Troell,  1916;  Burgct,  1917;  Marine,  R 
and  Stewart,   1918)  gave  uniformly  negative  results,  although  electric  slimula 
proved  perfect  functional  union.     The  effects  described  by  Cannon  et  ai,  must  the 
have  been  accidental  (perhaps  distemper?).     The  cats  showed  tachycardia  (to  261 
diarrhea,  falling  of  hair,  scleroderma,  pruritus,  excitable  temper,  greatly  incita 
metabolism  enlarged  pupils,  exophthalmos  and  hypertrophy  of   the  adrenal  glan 
Removal  of  the  thyroid  on  the  fused  side  arrested  the  progress  of  the  disturbances,! 
restored  the  metabolism  to  normal. 

Innervation  of  Thyroid. — The  gland  is  abundantly  supphed  with  non-meduDa 
fibers,  probably  derived  from  the  cervical  sympathetic,  ana  going  to  the  cells  as  t 
as  to  the  blood  vessels.     An  action -current  develops  in  the  gland  on  stimulation  of  1 
sympathetic,  high  in  the  thorax,  even  when  the  superior  and  recurrent  laryngeab " 
been  cut.     Vagus  stimulation  or  pilocarpin  does  not  generate  the  actio n-currtni  (Cil 
Don  and  Cattell,  1916}. 

On  the  otiier  hand,  autografts  of  thyroid  show  e\'idcncc  of  growth  and  function 
that  the  nervous  connections  are  not  indispensable  (Manlcy  and  Marine,  1916). 

Sensitization  to  Autonomic  Stimtilation. — Injectioa  of  thyroid,  or  to 
creased  secretion  secured  by  stimulation  of  the  superior  larjiigeal  nent. 
does  not  produce  any  characteristic  autonomic  stimulation  directly;  but 
it  increases  the  response  to  epinephrin,  splanchnic,  and  depressor  slimuU- 
tion  (see  Literature  under  Epinephrin);  and  to  the  depressenl  aclioo  ^ 
histamin  (Oswald,  1915).  V 

The  sensitization  to  epinephrin  would  be  situated  at  the  myo-neural  junction  f.\slie^ 
1916). 

There  is  also  a  synergism  with  epinephrin  on  the  exftsed  heart.  Here  agaia. 
heart  is  not  affected  by  thyroid  alone  (A&ner  et  a1.  1916). 

Epinephrin  on   Thyroid  Secretion. — Injection  of  epinephrin,  o.ooi    to  0.002 
evokes  an  action-current  in  the  thyroid.     The  same  result  follows  stimulation  of 
cut  splanchnic;  but  it  is  absent  if  the  adrenal  blood  is  prevented  from  reaching  the  cii 
lation  (Cannon  and  Cattell,  1916). 

Temprrature  and  Dru^s  on  Thyroid  Functionalion. — Judging  thyroid  acti\-iljy 
by  morphologic  criteria  (higher  cells  and  decreased  colloid),  C.  A.  Mills  finds  uu 
activity  by  exposure  to  high  temperature  and  the  reverse  with  low  temperatures,     h 
doses  of  morphin  or  quinin  also  appear  to  diminish  thyroid  activity,  presumably  u 
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result  of  diminished  mcUboIism  and  beat  production.     Coa\-endy,  sxry^mn  ia  J«M 

sub-ojnvulsive  doses  increases  tbc  ihvroid  hinctionaaoD. 


.\mnials  ted  on  thyroid  die  more  rapidly  when  kept  in  a  vartn  (emperatniT  tfaui 
kept  cool  (Stotand  and  Kinney,  iqiqi. 

Coijjin. — The  s>-mptom5  of  rocain  poisoning  resemble  those  of  "hjpcfthjioi&M^** 
iiact  both   in\*oN*e  sympathctk  stimulation.     There  b  no  causal  oonnc^tion.     Oft- 
'Tpeafed  injections  of  oocaio  do  Dot  pcDduce  any  lintologic  dujagcs  ia  tike  tbymAd 
i      I9i9>. 

ts  OH  ike  Ci^culaJion. — These  \-afy,  and  are  probably  indirect,  due  to  inctvased 

liability  of  the  sympatbetic  and  parasympathetic  nerves' (OswakI,  xoiS'* 

(JsuaUy  the  inira venous  injection  produces  fall  of  blood  pressure  and  slowing  «f  the 

.\n,  probably  due  to  its  cbolin  content  (Lohmann;  Fuerth  and  Schwarz,  1908;  Foertli 

;'>oo;  Schoenborn,  1909).     Pressure  juice  produces  little  effect  in  dogs  and  cats,  but 

liArked  collapse  in  rabbits  (Caldwell,  19171.     These  cfitects  are  not  &peci6c  but  dvc 

u>  proteins,  embolism,  etc. 

Blackford  and  Sanford,  1913,  claim  that  the  pressure  fall  b  much  more  marked  with 
-•itracts  from  toxic  goiter;  and  that  the  sera  of  such  patients  also  produce  marked 
irdio vascular  deprvsion.  These  claims  avait  confinnation.  Fawccit,  Rosens 
kabc  and  Becbe,  19 15,  find  that  the  coagulable  portions  of  th>Toid  extracts  (w-hich 
contain  most  of  the  iodin)  have  no  effect  on  blocd  pressure.  The  fall  is  conlancd  to 
intnvenous  injection  of  the  non-coaguUble  portion,  and  has  no  relation  to  the  iodin 
content.  U  therefore  appears  unconnected  with  the  speci6c  constituents  of  thyrud 
they  also  review  the  contradictory  literature). 

C^rdi4ic  KflifttJ. — The  response  of  the  heart  to  \'agus  stimulation  is  not  affected  by 
ih>Tnid  (R.  L.  Levy,  1918).  Complete  excision  of  the  thyroid -para  thyroid  apparatus 
lowers  the  vagus  excitability  (Coronedi,  1913). 

SecrriutH  of  Cerrhto  spinal  Fluid. — This  is  said  to  be  inhibited  bv  th>*roid  and  ia- 
ocased  by  brain  extract,  independent  of  blood -pressure  changes.  OtKet  organ  extracts 
Kt  ooty  mechanically,  through  the  circulation  (Frazier  and  Pcet,  1915'- 

Riie  Secretion. — This  b  not  affected  by  tb^ToiU  administration  (Downs  and  Eddy» 

mo). 

Thyroid  in  Exophthaknic  and  Other  Goiters. — The  administration  of 
lb\Toid  is  often  beneficial  in  goiter;  but  the  active  "toxic"  stages  are 
Especially  susceptible  to  the  toxic  effects  of  thyroid,  so  that  only  very 

lall  doses  should  be  used.     The  same  effects  can  be  produced  by  iodids. 

lich  are  elaborated  into  the  active  substance  by  the  thyroid  of  the 
patient.  Caution  should  therefore  be  used  in  prescribing  iodin  compounds 
la goiter,  especially  where  nervous  symptoms  exist  (Oswald,  1915;  hislor>*; 
dtsciiptlon  of  symptoms  and  cases). 

NcSttrt  of  Goiter, — Anatomically,  this  may  consist  in  overgrowth  of  the  epithelium 
Qlyperpiasia),  or  of  the  colloid.  The  investigations  of  Marine.  1907  to  1913.  indicate 
wttbe  first  change  is  hyperplastic,  the  epithelium  proliferating  to  meet  some  ph\*sio- 
'  'cdeficicndes,  such  as  an  inadequate  supply  of  iodin;  or  experimenijilly  the  excision 
part  of  the  gland.  When  the  deficiency  is  mel,/.r.,  by  the  udministrution  of  iodin, 
;^ndular  changes  revert  into  the  colloid  t>'pe.  TmnspUniefl  thyroid  liuue  react.-* 
ructly  the  same  way,  by  hyperplasia  or  involution,  to  removal  of  thyroid  tissue  or 
iodin;  so  that  the  changes  are  evidently  independent  of  the  ner\'c  supply  (Manlcy  and 

Mwinr,  1915)- 

The  relation  of  these  changes  to  the  "toxir"  symptoms  of  Basedow's  disease  is  not 
ttdentood;  for  the  symptoms  do  not  occur  typically  in  animals.  It  i«  commonly 
MHiKd  that  these  "  toxic  "  symptoms  are  due  to  excessive  or  per\rrted  srrretion  uf  the 
Jkytmd  (hyperthyroidism,  dysthyroidism).  The  evidence  for  this  thror>'  is  not  con* 
ive,  for  it  is  based  mainly  on  the  resemblance  of  the  clinical  ncr\t)u«  jiymptoms 
tee  of  thyroid  feeding;  and  on  the  beneficial  results  of  partial  thvroidectumy. 
may  have  other  explanations,  and  are  opposed  by  the  fact  that  inipnix-cnicnl  also 
HH  the  graduated  administration  of  iodid.  (Hlarkford  and  SanfonJ.  1913,  awert 
presence  of  a  powerful  depressor  substance  In  the  blood  and  tiiyroids  of  Husedow 
pttients-) 

Jvdin  AdminiitmlioH  as  Prevcntivr  of  Simple  Goitrr — Simc  Mmplc  ^uitcr  anjK-ars  to 
fe  a  reaction  to  deficient  iodin,  occurring  especially  in  adolescent  girls,  it  sluiuld  l>r 
prtvcoted  by  systematic  administration  of  this  substance.      This  has  been  conlu'mrd 
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by  the  brilliant  results  obtained  with  school  girls  in  an  endemic  goiter  district  (M 
and  ICimball,  1917,  igi8,  1920). 

Sodium  iodid  was  employed  in  these  experiments,  given  twice  a  year  (May 
December)  in  courses  of  ten  days  each.  Up  to  10  years,  the  daily  dose  was  o.a  < 
from  10  to  16  years,  0.4  Gm.;  taken  in  a  teaspoon  of  water. 

The  iodid  prevented  the  appearance  of  goiter  in  over  99  per  cent,  of  the  glrU 
diminished  the  size  of  the  thjToid  in  most  cases  where  the  gland  had  been  enlar 
before  medication.     lodism  occurred  in  less  than  }-^  per  cent.,  and  was  always  mil 

Antithyroid  Scrums, — These  were  introduced  on  the  hypenhyroidi 
theory  of  Graves'  disease  as  substitutes  for  operative  removal,  but 
had  a  short  popularity. 

On  the  theoo'  t^hat  Basedow's  disease  consists  in  a  thyroid  intoxication,  Ballet 
Enriqucx  (1H94)  attempted  its  treatment  by  the  administration  of  the  serum  of  thyral 
dectomized  dogs,  supposing  that  these  produced  substances  antagonistic  to  thyrok 
secretions.  Mocbius  Serum,  Rodagcn  and  Thyroidcctin  are  preparti  on  this  principle, 
generally  from  sheep.  Their  oral  administration  sometimes  has  a  palliative  effect  oa 
the  nervous  sjTnptoms  in  mild  cases,  but  probably  no  more  than  simple  rest  and  di 
Becbe,  1906  and  1915,  introduced  a  cytolytic  serum.  Encouraging  results  were  repoi 
at  first,  but  these  reports  have  become  less  frequent. 

Increased  Metabolism. — This  is  one  of  the  most  constant  effects 
thyroid  administration,  occurring  in  normal  animals,  but  much  nn 
marked  in  the  low  metabolism  of  thyroid  deficiency  (Magnus-Lew,  189 
DuBois,  1914.  The  heat  production  in  Basedow's  disease  is  also  ma 
above  the  normal).  The  metabolic  effects  of  thyroid  administration 
shown  by  increased  excretion  of  nitrogen  (Ord  and  White,  1893;  Mend 
1893),  and  carbon  dioxid  and  increased  consumption  of  oxygen;  wi 
improvement  of  appetite  and  rapid  loss  of  weight  (Leichtenstem,  189; 
The  first  effect  is  on  fat,  the  proteins  being  drawn  upon  when  the  fat  l 
been  reduced  to  a  certain  minimum.  On  a  meat-free  diet,  the  nitrog 
increase  concerns  especially  the  urea,  ammonia  and  creatin,  whilst  I 
uric  acid  and  creatinin  are  very  little  changed  (Krause  and  Cramer,  191J 

Toiai  yUragcn  Excretion. — In  dogs  fed  only  on  sugar,  thyroid  administration  (o.t 
015  Gm.  of.  the  dried  gland,  per  Kg)  increased  the  nitrogen  output  about  50  per 
in  a  5  to  7  day  period  (Kohde  and  Stockholm,  igig). 

Xilrogen-Parlilion. — Jamcy  and  Isaacson,  1918,  found  the  ratio  of  urea  and  ammal 
to  total  nitrogen  unchanged  by  administration  of  thyroxin.     Crraitnin  excretion 
unaffected,  even  when  there  was  extensive  tissue  destruction.     Purin  excretion 
diminished  after  excision  and  in  cretins;  increased  after  thyroxin  and  in  BascdoK 
disease. 

These  results  differ  markedly*  from  these  of  Krause  and  Cramer,  1913.  The&efou 
that  on  a  meat-free  diet,  the  nitrogen  increase  concerns  especially  the  urea,  ammoi 
and  crcaiin,  whilst  the  uric  acid  and  creatinin  are  very  little  changed. 

StudzinsLy  and  Kaminslcy,  1915,  state  that  thyroid  administration  increases  I 
urate  excretion  in  hypo-thyroidism,  but  not  in  normal  subjects. 

Basal  Metabolism. — This  is  increased  about  2  per  cent,  by  i  mg  of  thyroxio, 
adults  of  150  lb.;  and  more  by  larger  doses.  In  my.\cdcmic  patients,  10  mg.  may  pi 
ducc  an  increase  of  ^o  per  cent    fKendall,  IQ18,  io>9). 

Xfanncr  of  Action. — It  is  doubtful  whether  the  increased  metabolism  of 
hydrates  is  due  directly  to  stimulation  of  oxidation;  or  whether  it  is  an  indirect 
perhaps  of  increased  mobilization  of  liver-glycogcn  (Cramer  and  Call).     The  cvi 
IS  incomplete  and  contradictory. 

Cramer  and  Call,  igiS,  found  in  mts  that  total  removal  of  the  th>'TDids  utd  pi 
thyroids  does  not  impair  the  power  of  the  cells  to  oxidize  carbohydrates  as  u  '.   ^  '^ 
respiratory  quotient.     This  would  indicate   that   the  increase  of  carl>ol 
bolism  in  hyperthyroidism  is  not  due  to  a  direct  influence  of  the  th>Tftid  *.>•.  ^»..>.  ..*- 
tion.     They  consider  that  the  action  of  thyroid  consists  in  mobilization  of  the  U* 
glycogen. 

It  is  claimed  that  thyroidcctomized  animals  do  not  utilize  sugar  on  pftrvnl 
administratioo  as  well  as  normal  aaimats  (Uaderhilt  and  Saiki,  1908J;  and  that 
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not  react  with  glycosuria  to  some  of  the  procedures  which  are  ordinarily  effective  (King, 

Jamey  and  I&oacson,  1918,  excised  the  thyroids  from  dogs,  leaving  the  parathyroids. 
This  resulted  in  h>*poglyceniia,  with  increased  sugar  tolerance.  Simihir  findings  have 
been  recorded  for  myxedema  and  cretinism. 

Increased  Metabolism  in  Basedow^s  Disease. — Du  Bois,  ic}i6,  considers  this  the 
most  dclinitf  feature  of  the  disease.  Ilcat  production  is  50  per  cent,  above  the  normal 
in  severe,  and  75  per  cent,  in  ver>'  severe  cases.  The  excessive  heat  production  accounts 
largely  for  the  tachycardia,  cardiac  enlargement,  emaciation  and  menial  irritability. 

This  feature  also  throws  light  on  the  efficiency  of  treatment:  Rest  in  bed  for  a  week 
diminishes  the  excessive  heat  pro<iuction  by  10  per  cent,  or  more;  psychotherapy  was 
ibo  of  some  value.  Negative  results  were  obtained  mth  thyroidcctin,  X-ray,  th>Toid 
"residue."  ergot,  quinin,  and  Becbc  scrum. 

The  high  metabolism  means  that  the  patients  need  i,Ht  to  3  times  as  much  food  as 
normal  individuals. 

In  <rriin\,  the  heat  production  was  found  io  per  cent,  below  This  was  corrected  in 
•  few  da>'s  by  th>Toid  administration. 

Similar  results  arc  reiwrtcd  by  Means  and  Aub,  1919. 

Halverson,  Bcrghcim  and  Hawk.  1916.  have  also  made  a  study  of  the  effects  of 
thyroid  and  thymus  treatment  on  metabolism  in  exophthalmic  goiter. 

Use  in  Obesity.^Thyroid  administration  is  often  strikingly  effective 
in  reducing  the  fat  in  constitutional  obesity  (menopause,  etc.),  much  less 
w  in  superalimentation.  In  any  case,  the  result  is  not  permanent  and 
is  connected  with  the  sometimes  dangerous  effects  described  under  over- 
dosage. Only  small  doses  should  be  used,  under  strict  medical  super- 
vision. The  protein  income  should  be  kept  high  to  compensate  the  loss 
(v,  Xoorden,  1015). 

Other  Therapeutic  Uses. — Thyroid  has  been  tried  in  the  following  conditions,  but 
inconstant  results  indicate  that  it  is  probably  useless:  Skin  diseases;  psoriasis,  ec- 
lupus,  chronic  rheumatism,  gout,  arteriosclerosis,  rickets,  infantile  cachexias, 
VmophiUa,  etc. 

Eppingcr  and  Hofer,  igiS,  claims  that  local  application  of  thyroid  extract  to 
mnt  wounds  promoted  healing  and  especially  the  proliferation  of  epithelium.  This 
•  requires  contirmalion. 

Larral  Growth  and  Development.^Oudcrnatsch.  191 2,  made  the  important  dis- 
w«r>-  that  feeding  thyroid  to  tadpoles  checks  their  growth,  but  at  the  same  time  has- 
tM8  their  development  into  frogS-  This  has  been  abundantly  confirmed.  The  action 
prolnbly  consists  in  increased  autol>'sis  and  phagocytosis. 
The  effect  on  tadpoles  is  due  to  the  thyroxin  (Marine  and  Rogoff,  1916),  Bpccifically 
the  iodin  component.     This  is  in  contrast  to  tlie  effect  on  oxidative  metabolism  in 

lIs.  which  is  due  to  the  indoxyl  group  (Kendall,  tqiq). 
The  tadpole  effect  is  therefore  roughly  parallel  to  the  iodin-content  of  the  gland 
fLoihart,  1915);  but  the  correspondence  is  not  complete  (Rogoff,  191 7),  since  the  B- 
"  fraction  is  inactive  (Marine  and  Rogoff.  roifi); 
^Rogoff.  1917.  utilized  this  method  for  the  .v/anJorJ/id/fono/i-offiOTrfcia/ thyroid  prepa- 

He  found  considerable  variations  in  their  activity. 
Exposure  to  X-rays  increases  the  efficiency  of  thyroid  feeding  on  the  tadpole  meta- 
khosis  (McCord  and  Marinus,  iqiH). 

KAflr  Thyroid  Cnnsfiiutnts  and  Iodised  Products  Tested  by  Tadpole  Xfetkod. —  Morse, 
'9M.  found  that  the  nuclcoproteins,  lipoids,  etc.,  of  the  thjToid  are  ineffective.  PositiN-c 
fWjIts  arc  produced  by  iodoth>Tin,  iodated  lyrosin,  iodized  Wittc's  peptone  and 
•^liatd  scrum  proteins;  not  by  inorganic  iodin  or  iodids,  iodized  starch,  iodized  lecithin^ 
«  mtrine  alg«.  The  activity  therefore  appears  to  be  due  to  iodized  amino-acid 
«riv»tives. 

The  insufficiency  of  inorganic  iodids,  however,  seems  to  he  only  quantitative*  for 
l^r  adnunisiration  starts  the  metamorphosis  of  th>Toidectomi£ed  tadpoles,  which 
<t>esoot  take  place  without  this  stimulus  (Swingle,  1919). 
^rotasaa  — The  presence  of  thyroid  tissue  increases  very  markedly  the  multiplication 
'Paramecium  (Nowikoff  and  Shumway;  Budington,  1915). 

PUml^owth. — Thyroid,  when  added  to  the  culture  medium,  produces  remarkable 
retardation  of  the  root-growth  of  onion  bulbs.     This  effect  b  not  produced  by  potassium 
ituitary  or  suprarenal. 
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Susceptibility  to  Poisons.— The  metabolic  disturbances  alter  the  de- 
struction of  poisons  in  ihc  body.  In  mice,/,/.,  the  toxicity  of  acetonitrilc 
is  greatly  diminished,  whilst  that  of  morpban  is  increased. 

It  has  been  suggested  that  many  symptoms  of  Graves'  disease  may  be  secondil}*, 
due  to  lowered  resistance  against  nrietabolic,  intestinal,  or  other  accidental  poisomng, 

Acetonitrile  Test. — Hunt  (1905,  1907,  1908^  found  that  the  admimstraiion  of  ibynid 
to  white  mice,  for  a  few  days,  markedly  increases  their  resistance  to  acetonitrilc.  The 
toxic  effects  of  the  latter  arc  due  to  the  liberation  of  HCN.  Thyroid  feeding  docs  not 
affect  the  toxicity  of  HCN  when  administered  as  such;  so  that  its  protccli\-c  influcDre 
must  be  due  to  a  retardation  of  the  metabolic  processes  which  convert  acctonitnle 
into  IICN.  In  rats  and  guinea  pigs  it  has  the  opposite  effect,  increasing  the  toxicity 
of  the  nitrites. 

The  acetonitrile  response  is  a  delicate  and  nearly  specific  test  by  which  a  mflUF»m 
of  active  thyroid  tissue  can  be  readily  delected.  It  may  also  be  used  for  corepartftic 
the  relative  actiWty  of  different  thyroid  products.  This  is  found  to  go  paraUel  i»iib 
their  iodin  content.  The  administration  of  lodin  therefore  renders  dogs'  thyroid  iwrvi 
active.  The  prompt  increase  argues  that  the  storage  of  iodin  is  the  cause,  rather  tbii 
the  result,  of  the  Bcti\'ity.  Th^oid  in  which  no  iodin  can  be  detected  b^  the  ordiour 
chemical  tests,  as  well  as  certam  other  organs,  show  a  very  feeble  activity  (Hunt  w 
Seidell,  igofi),  and  this  may  be  due  to  traces  of  iodin  compound,  which  are  not  reveakdi 
by  the  ordinary  tesL 

Trendelenburg,  ]oio,  and  Lussky,  igi3,  claim  that  the  blood  of  cats  gives  the  tetfl 
even  after  removal  of  the  lh>Toids.    This  removal  does  not  seem  to  alter  the  1 
of  the  mice.     Application  of  the  test  to  the  blood  of  Basedow's  disease  has  not  p^^j 
conclusive  results. 

EJfrrl  of  Diet. — Certain  diets,  dextrose,  oatmeal,  liver,  or  kidney,  also  increase  tbe  | 
resistance  of  the  mice  to  the  nitrile,  as  compared  with  cracker,  milk,  cheese  or  egg  diet 
This  seems  to  be  due  to  an  action  on  the  thyroid;  for  the  difference  is  diminished  if  ti» 
thjToids  arc  excised;  and  these  glands  present  anatomic  changes  (Hunt,  1910,  ipii*. 

ThyreGtropic  Iodin  Compounds. — Otner  iodin  compounds  also  havT  some  protectijf  ] 
action,  presumably  by  being  converted  into  the  thyroid  compound.  None  reach 
same  activity,  but  ihcy  present  interesting  differences.  The  iodin  of  the  seavmLI 
bladdcrwrack,  is  about  100  times  as  active  as  the  iodin  of  potassium  iodid  (HuMi»i 
Seidell,  iqio);  and  a  diet  of  seaweeds  increases  the  iodin  content  of  the  glands  (Huntffj 
and  Simpson,  iot.5^-     lodothyrin  has  a  varjing  activity  (none,  Trendelenburg,  i^iolj 

Resistance  to  Morpbin. — Thyroid  feeding  lowers  the  resistance  of  mice,  rats  ai 
guinea  pigs  to  morphin  (Hunt).  Gottlieb,  igtj,  claims  to  have  demonstrated  ttal 
this  is  due  to  lessened  dcstniction  of  the  morphin;  and  that  the  scrum  of  a  Ba5cdo*j 
patient  had  a  similar  inhibitory  effect,  whilst  normal  scrum  hastens  it*  destructi"' 
According  to  Olds,  iqio,  the  resistance  to  morphin  is  not  increased  by  excision  of 
thyroids,  as  might  perhaps  be  expected. 

PREP  AB  ATION  S — TH  Y  ROID 

*Thyr(ndeum  Siccum  (Thyroid.  Sice).  U.  S.  P.,  B.  P.;  Dried  Thyroid.— The  dt 
and  powdered  healthy  th\Toid  glands  of  sheep  (and  other  animals  used  for  food.  l'.S.P.iij 
One  part  of  the  dried  corresponds  appro.ximatcly  to  5  pans  of  the  fresh  ^land.    " 
U.S. P.  requires  o.j?  to  0.23  per  cent,  of  thyroid  iodin.     Dose,  o.i  Gm.,  i*-S  rr.,P- 
0.0.1  to  0.25  Gm.,  4  to  4  gr.,  B.P.     Raw  or  boiled  glands  (^  to  3^  gland)  hav« 
been  used,  out  ha^'e  no  advantage. 


PARATHYROroS 

These  small  glands  were  often  excised  with  the  thyroid,  and  their  removal 
responsible  mainly  for  the  convulsive  symptoms  and  the  fatality.  Their  fi 
are  apparently  quite  distinct  from  the  thyroid;  /.i..  they  arc  usually  nonnf 
cretins  (Kousay  and  Clunet,  1910).  They  were  discovered  by  Sandstroem,  1880, 
their  ph>-siologic  importance  pointed  out  by  Gley,  189a. 

Actions. — Kxcision  of  the  parathyroids  from  dogs  produces  Utany.     Thia  is 
rarity  relieved  by  the  injection  of  parathyroid  extract  or  nudeo- protein  (BcebCi 
and  also  by  calcium.     This  suggested  that  the  glands  arc  concerned  ^%iih  calf 
boUsm  (MacCallum  and  Vocgtiin,  iqoq);  but  this  docs  not  seem  to  be  the  case  {{ 
1910).     The  antagonism  is  merely  due  to  the  depressant  action 
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and  sodium  chlorid  are  similarly  protective.  The  ammonia  of  the  blood  is  increased 
by  depression  of  the  functions  of  the  liver  {Carlson  and  Jacobson,  19x1),  It  is  doubtful 
whether  the  ammonia  increase  is  an  adequate  explanation  of  the  symptoms. 

W.  F.  Koch,  191.5,  finds  that  the  removal  of  the  parath,\Toid  leads  to  the  appearance 
of  toxic  bases  (guanidio,  histamin,  etc.)  in  the  urine,  which  may  be  partly  responsible 
far  the  symptoms. 

D.  M.  Paton  et  al.,  191  j,  believe  that  the  parathyroids  regulate  guanidin  metabolism^ 
preventing  the  formation  of  undue  amounts;  and  thus  regulating  muscular  tone. 

The  carbohydrate  tolerance  is  lowered  by  excision  of  the  parathyroids  (Underbill  and 
IClsdilch,  1909).  Injection  of  the  nuclco-proteic  produces  polyuria  and  dilation  of  the 
pupils  (Ott  and  Scott,  1909  and  igto). 

Destruction  of  the  parathyroids  also  increases  the  vasoconstrirtor  response  to  nicotin, 
epJDephria  and  pituitary,  involving  therefore  the  most  peripheral  vasomotor  mechan- 
BD.    This  eflfcct  is  also  counteracted  by  calcium  (Hoskms  and  Whcelon,  1914). 

Parathyroid  hyperplasia  is  produced  in  fowls  by  feeding  with  maize  or  wheat.  This 
illdndered  by  calcium,  increased  by  sulphuric  acid  and  neutral  sulphur  (Marine,  19x4). 

Inierreiaiicn  wih  Thymus. — Uhlennuth,  1918,  found  that  mammalian  thymus 
produces  convulsions  when  fed  to  the  larvse  of  salamders.  This  occurs  only  before 
their  parath>'roids  have  developed.  Apparently,  thymus  contains  tetanic  poisons, 
which  are  antagonized  by  the  parathyroids.  Calcium  and  magnesium  also  check  the 
thymus  convulsions,  but  much  less  perfectly. 

Therapeutic  Uses. — Parathyroid  has  been  administered  in  tetany  re- 
sulting from  removal  or  disease  of  the  gland,  i>erhaps  with  some  benefit. 
It  has  also  been  tried  in  paralysis  agitans  (Berkeley,  1909),  in  infantile 
and  gastric  tetany,  eclampsia  and  chorea,  but  the  results  are  so  inconstant 
that  it  is  probably  useless. 

Toxic  Actions. — Morris,  1015,  describes  mental  symptoms  in  a  patient  which  he  is 
indined  to  attribute  to  the  prolonged  administration  of  large  doses  of  parathyroid. 

Desiccated  parathyroid  gland  consists  of  the  dried  external  parathyroids  of  the  ox, 
^presenting  about  6  part^  of  the  fresh  tissue.  Avrra^e  dose,  6  mg..  ^o  gr,  four  times 
uily.  Fresh  glands  or  h>'podermic  injections  of  fr^  glands  have  sometimes  given 
better  results. 


PINEAL  GLAND 

"Hus  is  a  vestigial  remnant  of  a  primitive  dorsal  eye,  but  presents  some  evidence 

gkndular    structure,  with  sympathetic  innervation.     It  begins  to  involute  early 

hlumo,  between  the  seventh  year  and  puberty,  but  its  degeneration  is  never  complete. 

Tbc  literature  of  the  pineal  gland  abounds  in  apparently  contradictorj'  results  (an 

^ >*  bibliography  is  given   by   McCord,    1917).     The  phenomena  seem   to   be 

to  the  prepubertal  years,  i.e.,  before  the  gland  has  undergone  involution. 

JieopUsms  of  the  pineal  gUind  are  said  to  be  often  associated  with  precocious  physical, 

■Htt^  and  sexual  development,  and  general  overgrowth  qf  the  oody.     Only  a  few 

QKSAre  on  record,  and  the  reliability  of  (he  connection  is  not  established. 

IxlinMtioo  experiments  have  not  yielded  conclusive  results.     The  early  effecU;  are 
jBKptranlc  from  traumatism.     There  are  no  late  changes  in  adults;  in  young  animals, 
tiion  is  said  to  lead  to  precocious  development  (Sarteschi,  Foa),  but  the  effect^ 
best,  arc  not  very  striking. 

Intravenous  injection  of  extracts  does  not  have  any  pronounced  action  on  the  circu- 
Ulion  /r>ixon  and  H.illiburton,  1900).  It  is  also  practically  inactive  on  excised  heart 
»od  uterine  or  intestinal  muscle  (Fcnger,  1016).  Ott  and  Scott,  1012,  claim  that  it 
UCfeises  the  milk  secretion  in  goats.     This  would  need  to  be  confirmed. 

Coatinued  Oral  or  Hypodermic  Administration. — Hastened  growth  and  development 
rf young  animals  has  been  reported  (Dana  and  Berkeley,  McCord,  igi4>;  but  these  seem 
Ivltave  been  experimental  arcldenl.*.,  since  the  careful  experiments  of  Sisson  and  Finney, 
»,  failed  to  show  any  effect,  at  any  period* 

Tadpolit:!. — Feeding  with  pineal  hastens  growth  and  differentation.     There  is  also  a 

•KDfld  Constituent  which  contracts  the  pigment  under  the  skin,  thus  rendering  the 
color  much  lighter  (McCord  and  Allen,  1017)- 

Pratctoo — Parameda  fed  with  pineal  divide  twice  as  rapidly  as  controls  (McCord, 
JO.'r)  Pineal  extractt  increase  the  pulsation  frequency  of  the  contractile  vacuole,  as 
•f :<  als?  epincphrin  aad  pituitary  solution  (Feather,  iqiq). 
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Therapeutics. — Dana  and  Berkeley  adminustcred  dried  pineal  (3  to  6  mg., 
Ho  K*"  .  ihrce  limes  daily)  in  backward  young  children  (to  twelve  or  fifteen 
It  had  no  etTect  on  growth,  hut  they  claim  improvement  of  the  mental  dcvcloprant. 
This  needs  indepeadcnt  con6rmatinn. 
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General  Statement. — This  glucosid  produces  a  unique  glycosuria  by 
forcing  the  kidneys  to  the  excretion  of  dextrose,  with  polyuria  and 
acetonuria,  leading  to  loss  of  sugar,  and  thus  to  the  production  of  sugar 
from  proteins,  greatly  increased  excretion  of  nitrogen,  etc.  The  phenom- 
ena are  of  great  scientific  but  of  no  therapeutic  importance  (Critical 
Review,  G.  Lusk,  191 2). 

Phlorhtzin  was  isolated  by  Koninck,  JR3S,  from  the  root-hark  of  apple, 
siinilar  trees.  Stas,  1839,  showed  it  to  be  a  gtucosid,  decomposed  by  acid  hj 
into  dextrose  and  phlorttin;  and  the  Utter  ugain  into  phlnretinic  acid  and  pWor< 
The  characteristic  glycosuria  was  discovered  by  Mrnng,  1886.  It  has  Ixx-n  pr 
in  all  vertebrates  tried:  mammals,  birds,  frogs  and  reptiles.  The  phlorhizin  is  exertUd 
for  the  most  part  unchanged  (Pielkiewicz)  within  two  days  (Prausoitz).  The  glyw- 
suria  outlasts  the  excretion. 

The  amount  of  glucose  in  the  urine  may  be  very  high,  above  1 2  per  cent.  It  DcniiU 
for  several  hours  after  a  single  injection,  but  may  be  prolonged  indclinitely  at  its  Mg^ot 
degree,  by  administering  1  Cm.  of  the  glucosid  per  kilo  of  body-weignt,  by  moath. 
three  times  a  day.     Larger  doses  do  not  increase  the  glycosuria. 

The  Glycosuria  is  not  Pancreatic. — The  symptoms  after  phlorhizin  resemble  thc«« ' 
of  pancreatic  diabetes,  hut  their  mechanism  is  in  fact  totally  unrelated.  The  noil 
striking  difference  is  the  absence  of  hyperglycemia.  With  phlorhizin,  the  sugar  of  thf' 
blood  is  diminished  (Mcring);  if  the  kidneys  arc  excised,  or  the  ureters  tied,  the  Wood- 
sugar  remains  normal  (Minkowski;  Schabad,  1892.  According  to  Underbill,  191:,  it 
may  rise,  indicating  overproduction  of  sugar,  but  this  plan's  at  most  a  minor  partly 

The  Action  is  Renal. — It  is  evident  from  these  experiments  that  the  glycowirttit, 
due  essentially  to  more  ready  elimination  of  sugar  by  the  kidneys.  The  effect  is  pfl^ 
eral,  for  it  occurs  after  destruction  of  the  medulla  and  cord,  and  after  sectionals 
renal  ner\'cs  (Frcy).  If  the  phlnrhixin  is  injected  into  one  renal  arter>'.  glymsoni 
occurs  in  this  kidney  and  not  in  the  other  (Zuntz).  Mosberg  deduced  by  I  he  Nu.«i»liatff 
arrangement  that  the  sugar  excretion  occurs  in  the  tubules,  but  the  eWdence  is  f"' 
conclusive.  Nishi  found  that  the  cortex  contains  more  sugar  than  the  medulla,  whibt 
the  reverse  holds  normally.  Histologic  changes  have  also  been  described  in  thr  Rul 
epithelium.  Carmin  and  mctbylen  blue,  which  are  also  excreted  by  the  tubules,  Bi^^ 
suppress  the  glycosuria. 

The  excretion  of  sugar  is  proportional  to  the  acti^ty  of  the  kidneys;  it  is  dinuDishrf. 
for  instance,  when  one  kidney  is  excised,  and  increases  again  as  the  remaining  ktdiKJ 
hj-pertrophies  (Schilling,  1904)  The  glycosuria  is  §uppre-ssed  in  severe  nephritic.  »«' 
the  injection  of  phlorhizin  (phlorhizin  test,  5  mg.  in  warm  water,  hypodermicailyi  lu* 
been  prujwscd  as  a  means  of  diagnosis.  The  result,  however,  is  nOt  dccisi\T  ineitfaef^ 
sense. 

Other  Renal  Functions. — Diuresis  occun  (Frey,  1906;  Loewi  and  Neubauer.  u 
presumably  as  a  result  of  the  glycosuria,  but  is  relatively  small.     The  excretioneJFl 
other  solicl  constituents,  salts,  protein,  etc.,  shows  no  con.stant  abnormalities. 
oxygen  consumption  of  the  kidneys  is  largely  increased.     The  miik  after  phk)i 
contains  the  normal  amount  of  lactose,  and  no  dextrose.     Traces  of  sugar  appear 
in  the  saliva  and  gastric  and  pancreatic  juice  (R.  G.  Pcarce,  1916). 

Nftture  of  the  Action. — The  evidence  is  unsatisfactory  and  contradictory.     Cushflfi^ 
2917,  considers  that  it  tend%  to  prove  that  the  glycosuria  is  due  to  inability  of 
tubules  to  absorb  sugar  from  the  glomerular  filtrate. 

The  glomerular  membrane  of  perfused  frog  kidneys  is  normally  impermcabk  ttj 
certain  concentrations  of  glucose  CHamburgcr).     This  impermeability  is  drstro>Yd  b^j 
phlorhizin  (Brickman,  1919).     This  is  in  line  with  Mering's  original  assumption 
the  phlorhizin  action  consists  in  increased  fwrmcabilily  of  the  kidneys.     It  i| 
however,  that  this  is  not  the  whole  explanation  for  living  animals.     I.^vene, /.r..  I 
more  sugar  in  the  blood  of  the  renal  vein  than  in  that  of  the  renal  artery. 


PHLORHIZIN 

itcd  that  the  phlorhizin  acts  as  a  glurosidal  vehicle,  splitting  off  its  sugar  in 
kidneys,  and  uguin  taking  up  sugar  from  the  tissues;  but  tnc  quantity  of  sugar  ex- 

tcd  when  pWorhizin  is  injected  into  the  renal  artery  speaks  againn^t  this  view. 
Pavy,  Brodie,  and  Siau  (1903)   have  shown  that  the  quantity  of  sugar  which  is 
eicreted  when  the  other  abdominal  viscera  are  excised   exceeds  the  quantity  of  sugar 
ttbjch  disappears  from  the  blood,  and  that  which  could  be  derived  from  the  limited 
glycogen  depots  of  the  muscle. 

This  indicates  that  phlorhizin  causes  the  kidneys  to  assume  the  function  of  forming 
sogar  from  the  proteins  of  the  blood,  and  of  secreting  this  into  the  urine,  i,e.,  a  function 
taalogous  to  that  of  the  mammary  glands.  They  supfxi^cd  that  the  sugar  of  the  blood 
exists  in  loose  and  llrm  combination  with  the  blood  protein!>i  the  phlornizin  causes  the 
kidney  to  secrete  first  the  loosely  combined  :>ugari  and  when  the  supply  of  this  fails,  the 
firmer  combination  is  attacked.  The  stock  of  carbohydrates  in  the  body  therefore 
disappear*  first,  although  some  glycogen  is  retained  very  persistently  f Afering),  even  in 
hsting  (Sansum  and  Woodyatt,  1915).  With  persistent  administration,  the  sugar  is 
dcrivtd  from  the  carbohydrates  of  the  food;  and  if  these  are  excluded,  from  the  proteins. 
Exclusion  of  the  liver  (Eck'5  fistula)  docs  not  influence  the  glycosuria  (Foster,  191 2). 

[a  complete  plilorliizin  ix>i5oning  the  ability  to  oxidize  sugar  is  also  impaired,  so 
that  dextrose,  when  injected  hj'pudermically,  is  completely  excreted  fSlilcs  and  Lusk). 

Lirer-glycogen. — Phlorhizin  does  not  mobilize  the  glycogen  directly,  hut  only  as  a 
RSttlt  of  the  hx-poglycemia.  On  the  contran',  when  the  kidncN-s  are  excluded,  phlor- 
Ittiin  leads  to  a  re-accumulation  of  hepatic  glycogen.  Since  there  is  no  hyperglycemia, 
il  appears  that  phlorhizin  stimulates  directly  the  synthesis  of  glycogen.  When  the 
kidneys  are  intact,  this  action  is  overcome  by  the  glycosuria  (Kptein  and  liachr,  1916). 

D  -i-  N  Ratio. — In  the  urines  of  dcpancreated  dogs,  fasting  or  fed  on  meat  or  fat, 
Minkowski  found  that  the  weight  uf  dextrose  divided  by  the  weight  of  nitroj^en  gave  a 
OMulant  ratio  of  2. 8.     This  signifies  that  45  per  cent,  of  the  protein  molecule  is  excreted 

'    in^se.    A  ratio  greater  than  this  shows  that  some  of  the  sugar  ("extra-sugar") 

'  d  from  other  sources.     Phlorhizin  produces  the  j.H  ratio  in  fasting  rabbits,  cats 

'IL..  Ki>u.ts,  .iftrr  the  "extra-sugar"  has  been  flushed  out.     In  dogs,  the  ratio  is  3-67, 

«)ibat  58.7  per  cent,  of  the  protein  is  excreted  as  dextrose.     This  ratio  is  also  found  in 

VQlc  human  dial>etcs. 

Sources  of  the  Sugar. — Feeding  with  meat  or  gelatin  increases  the  dextrose  excretion, 
M  leaves  the  ratio  unchanged,  showing  that  their  conversion  into  sugar  takes  the  ordi- 
ttuv  course.  Gtycocoll,  alanin.  tcucin,  asparaginic  acid  and  glutaminic  acid  are  more 
or  lespi  comnletefy  converted  into  dextrose.     The  following  are  also  converted  and 

I  i.'I  ais  (Icxtrose,  and  therefore  raise  the  D  -t-  N  quotient:  levulose.  lactose,  d-IactJc 

\cerin,  glycinic  acid,  propyl  alcohol.     Feeding  with  fat,  ethyl  or  butyl  alcohol 

"^in  have  no  influence,  so  that  no  dextrose  can  be  formed  from  these  sources, 

dl  Metabolism. — The  calorics  lost  by  the  glycosuria  are  compensated  by  increased 

;:  11  metabolism,  the  fat  metabolism  remaining  unchanged.     In  fasting  animals  the 

•N  excretion  may  be  increased  to  four  or  five  times  above  hunger  alone  (Reilly,  Nolan 

and  Lusk). 

Acidosis. — In  starving  animals  phlorhizin  produces  fatty  changes  in  the  liver,  with 
Bicreased  excretion  of  ammonia,  bcta-oxybut>Tic  acid  and  acetone  substances  (Mering). 
This  is  prevented  if  plenty  of  carbohydrates  is  given  IMuritz  and  Prausnitz).  It  is 
(KTetsed  by  the  ingestion  of  butyric  acid  or  butter -fat.  These  changes  are  analogous 
to  those  caused  by  other  agents  producing  inordinate  protein  metabolism. 

Phlorhizin  Test  of  Renal  Function. — This  is  described  in  N.N.R.  It  has  not  main- 
**ii>ffi  itself,  although  it  is  still  recommended  by  some  (for  instance,  Kroto5«>'ner  and 
Stevens,  IQ17.  These  authors  use  o.oi  gm.  in  2  c.c.  of  saline  intravenously).  Carnio, 
1^(6,  has  also  suggested  glycosuria  after  lumbar  subdural  injection  as  an  indication 
«  QeoiQgttis.     Normal  meninges  being  impermeable  to  it,  no  sugar  appears  in  health. 


KIDNEYS 

There  is  no  good  evidence  for  or  against  the  formation  of  an  internal  secretion  by 

-ricy   (Critical   Review,  Pcarce,    igoSj.     Injections  of  kidney  extracts  produce 

-(r*««re  changes  1  Pcarcei  corresponding  to  the  urine  in  them.     Therapeutically, 

.U'  iition  of  kidney  preparations  has  been  tried  in  chronic  nephritis,  without 

>ults.     A  few  apparently  favorable  cases  are  descrilied  by  Formanek  and 

Foster.  1015,  claims  to  have  isolated  a  crystallizable  toxic  substance  from  the  blood 
patients,  which  is  not  present  in  normal  blood. 
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RED  BONE  MARROW 

This  contains  lecithin,  hemoglobin  and  other  organic  iron  compounds.     G1< 
extracts  have  been  tried  in  anemias,  to  stimulate  the  production  o(  corpuscles.     Tl» 
results  arc  not  convincinR.    The  extracts  also  contain  pressor  and  depressor  prindp] 
(O.  H.  Brown  and  Guthrie,  1905;  Brown  and  Joseph,  190O). 


THYMUS 


General  Statement. — This  gland  has  been  credited  with  relations  to  the  th 
apparatus,  and  to  growth.  However,  careful  experiments  failed  to  demonstrate  a.ny 
detectable  alteration  in  any  body  structure  and  function  after  its  extirpation  fE.  \. 
Park  and  McClure,  igig).  The  older  results  were  probably  accidental  consequences  0/ 
bad  hygiene. 

Ejects  of  Injection. — Intraperitoneal  injections  of  thymus  extracts  into  guinea  p^ 
result  in  muscular  spasm,  dyspnea  and  convojlsions.  Smaller  doses  lead  to  loss  0/ 
weight  (Olken,  tgiS). 

Ott  and  Scott,  igis,  described  increased  milk  secretion  in  goats,  foUowiog  ih0. 
administration  of  boiled  extracts. 

Frog  f^rvcr. — Feeding  with  thymus  hastens  growth  and  retards  metamorpbosii 
(Gudernatchl;  but  only  as  does  any  other  food  CSwinglCj  1917;  Uhlenhuth,  1917). 

Salamander  LarttB, — Thymus  produces  convulsions  when  fed  to  salamaoder  lirr« 
that  are  devoid  of  parathyroid;  see  Parath^toids  (t'hicnhuth,  1918). 

Tkerapeuiic  Uses. — Tliymus  administration  has  been  tried,  but  with  vcr>'  doubtful 
results,  in  Graves*  disease,  rickets,  tuberculosis,  hemophilia,  infantile  atrophy  ml 
marasmus.  Other  lymph  glands,  spteen,  etc,,  have  also  been  employed  in  owcure 
conditions. 


ERGOT 

General  Statement. — Ergot  (Secale  cornutum)  is  a  fungus  (Clav-iccp* 
purpurea)  growing  in  the  grain  of  cereals;  the  official  being  obtained  frofli 
r>'e.  The  fungus  goes  through  several  stages  of  development,  the  resting 
stage  {sclerotium)  constituting  the  drug-  It  is  used  mainly  to  contract 
the  uterus  (by  peripheral  action)  and  thus  check  postpartum  he^M^ 
rhage.  It  also  stimulates  other  forms  of  unstriped  muscle,  especially  the 
intestine  and  blood  vessels.  The  consumption  of  grain  infested  with 
ergot  leads  to  gangrene  and  spasmodic  effects.  Epidemics  of  this  ** ergot- 
ism" were  formerly  frequent  and  must  have  occurred  in  antiquity,  iJ* 
though  the  causal  connection  was  not  recognized.  It  is  now  very  nrc 
in  civilized  countries,  the  ergot  being  removed  by  the  modern  methods  of 
treating  the  grain.  The  uterine  eflecL  was  learned  from  midwivcsand 
k  first  mentioned  by  Lonicer,  1565.  Its  use  in  regular  medicine  dates 
practically  from  Stearns,  1807  (N.  Y.  Med.  Repository). 

Active  Constituents. — The  composition  of  ergot  is  complex;  se 
active  constituents  have  now  been  isolated  in  pure  form.  The  most  ini- 
pwrtant  are:  the  alkaloid  Ergotoxin,  several  aromatic  amins,  especialtv 
Tyramin  and  Histamin,  and  cholin  derivatives.  The  numerous  nan** 
applied  to  these  and  to  impure  mixtures  render  the  literature  very 
confusing. 

Er^oioxin  or  Hydroergotinin,  Cs5H4iN$0(,  an  amorphous  alkaloifi 
occurring  in  alcoholic  extracts.  It  is  responsible  for  the  charactcrisUC 
action  on  the  cock's  comb  and  is  concerned  in  the  uterine  and  vascultf 
effects.     It  is  rather  unstable  and  by  loss  of  H2O  changes  into  its  lactoo: 

Ergotinin  or  Ergotin,  Cs^HivNaOa,  a  crystalline  Mkaloid  with  sttf 
weak  actions. 


Iftk. 


ERGOT  GROUP 
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Boih  alkaloids  exist  ready-formed  in  ergot,  but  can  be  easily  converted 
into  each  other  by  chemical  means  (Barger  and  Ewins,  1910).  Both  are 
insoluble  in  water  and  petroleum  ether,  sparingly  soluble  in  ether,  and 
readily  soluble  in  most  other  organic  solvents.  Ergotoxin  is  easily  soluble 
in  cold  alcohol;  ergolinin  but  sparingly.  They  dissolve  in  dilute  NaOH, 
but  the  crgotinin  is  partly  converted.  Their  salts  form  colloidal  solutions 
with  water,  but  these  are  precipitated  by  electrolytes  (salts  or  mineral 
adds). 

Tyramin,  Ergotamin,  uteramin,  or  para-hydroxyphenylethylarain: 
this  is  closely  related  to  epinephrin  in  structure  and  action.  It  is  mainly 
responsible  for  the  pressor  effect,  and  is  not  important  in  the  uterine  action. 
Histamin,  Ergotidin,  Ergamin,  beta-iminazolyl-ethylamin,  4-bela- 
aminocthylglyoxalin:  lowers  the  blood  pressure,  and  stimulaces  the  ex- 
cised uterus  ix)werfully. 

A  number  of  other  aromatic  amins  occur  castially;  such  as  agmatin^  guanidobuty- 
lamin  (Engeland  and  Kutscher,  1910),  which  has  a  weak  stimulant  action  on  the 
CKcised  uterus;  tsoamylamin,  etc. 

These  aromatic  amins  are  also  produced  in  the  putrefaction  ofmeat, 
and  in  the  intestinal  tract,  and  have  been  prepared  synthetically.  They 
are  generally  insoluble  in  ether  or  chloroform,  readily  soluble  in  water; 
precipitated   by  phosphotungstic  acid.     Chemically,   they  are  derived 

m  the  axnido-acids  by  the  elimination  of  COs. 
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In  this  way,  Tyramin  is  prepared  from  Tyrosin;  Histamin  from  Histidin; 
.\gmatin  from  Arginin;  Isoamylamin  from  Leucin.  An  authorative  dis- 
cussion is  contained  in  Barger's  "Simpler  Natural  Bases,"  1914. 

Acetyl  CAo/tn.^This  was  found  in  ergot  by  Ewins,  1914.     It  is  re- 
spoQsible  for  the  cardiac  inhibition. 

lovestigations  of  the  Composition  of  Ergot. — A  largt^  number  of  coustttumts  has  been 
•'-^  nbcd  in  ergot:  ^Ukaluidsi,  amins,  resinous  acids,  glucosids^  betain,  and  choiin.  fat 
cent.),  some  peculiar  sugars,  coloring  matter,  etc.     The  red  pigment  (Sdrrery- 
Ls  important  for  discovering  the  presence  of  ergot  in  bread. 
There  has  been  much  animated  discussion  as  to  the  r6Ie  of  the  sc\'eral  constituents 
10  the  actions  of  the  drug,  and  the  matter  is  not  yet  altogether  decided.     The  confusion 
of  the  older  literature  is  explained  partly  by  the  instability  of  the  principles,  but  mainly 
h  ihc  difHculty  of  isolating  them  pure.     The  impurities  alter  their  characters  suffi 
ocniJy  *o  that  successive  investigators  have  repeatedly  described  the  same  principle, 
wiacw^liat  differently  contaminated,  as  different  substances.     Physiologic  actions  have 
^*eft  ascribed  to  substances  winch  these  owed  solely  to  their  contaminations. 

Th£  modern  concrfttions  date  mainly  from  the  work  of  Riirger,  Carr  and  Dale,  1906 

»'"!  i<>o7,  on  the  isolation  of  the  ergot  alkaloids.     Their  papers  also  (five  the  liistorical 

By  the  discovery  of  the  crystalline  phosphate  of  ergotoxin,  they  succeeded  for 

-t  time  in  preparing  thi.H  principle  uncontaminated;  and  in  determining  its  propcr- 

Ui  ifid  its  relation  to  creotimn,  which  Tanret  had  isolated  in  1875.     Kraft,  1906, 

*tttved  independently  at  the  same  results.     Dale  found  that  the  ergotoxin  produces 

tin  chAracteristic  effects  of  ergot.     Barger  and  Dale  also  showed  that  the  aikaloidal 

Udfciinoua  principles  fsphacelinic  acid,  sphacclotoxin,  etc.).  isolated  by  earlier inves- 

•^itors,  contain  large  proportions  of  this  alkaloid;  and  that  their  apparent  activity  can 

lie  fairly  attributed  to  the  falter.     On  the  other  hand,  they  pointed  out  that  the  methods 

of  preparing  extracts  of  ergot  tend  to  eliminate  this  alkaloid;  and  that  it  is  therefore 

iiecesaar>'  to  assume  the  presence  of  other,  water-soluble  principles.     In  1909,  Barger, 

Dtie  and  Dixon  found  these  to  consist  of  tyramin  and  histamin  (1910). 
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Impure  Principles. — Thcso  arc  still  important  for  understanding  the  older  litcratun 
They  arc  classiiied  by  Barker  and  Dale  as  follows,  in  cluonoloj^tical  order: 
Wenzcll,  18O4:  EiboUitif  and  Er^otinc  =  mixtures  of  the  alkaloids,  containing  cbol 

(Meulenhoff.  iSgg). 
Tanret,   1875:  Amorphous  Ergotinine  =  impure  mixture  of  ergotinin  and  ergotoxi 
Dragendorff,   1877:  Puroadtrotine  =  ergotinin.  possibly  mixed  with  some  ergotoxll 
Pod\vyssotski,  1SS3:  Sclerocrystalline  —  ergotinin. 
Kobert,  1S84:  Sphactlinic  Acid  =  inactive  resin  with  adherent  alkaloids. 

Cornuiin  =  alk^aloidal  resin,  prnbahlv  containing  some  ergotoxin,  and  perhaps  so 

active  alkaloidal  decomposition  products. 

Er^otink  Add  —  a  sapotoxin. 
Kclicr,  iS{)fK  Cornutin  =  impure  mixture  of  ergotinin  with  ergotoxin. 
Jacobj,  [8g7:  Ckrysotoxin  '=  inactive  yellow  coloring-matter  with  small  proportion 

adherent  alkaloid. 

Secaiititoxin  =  mixture  of  ergotinin  and  ergotoxin. 

Sphacchtoxin  =  impure  ergotoxin. 

Secaiin  —  impure  ergotinin. 
Kraft,  1906:  Hydroergotiuin  =  sj'nonym  for  ergotoxin. 
Vahlen.  1906  and  iqo8:  Clavin  =  inactive  mixture,  consisting  of  nearly  equal  parts 

leucin,  isoicucln  and  valin  (Van  Slyke.  iqoq). 
Marino-Zuco  and  Pasqucro,  iqii:  Oavisepsin:  claimed  to  be  an  active  glucosid»  mM 

yet  confirmed. 

Ergotin  is  a  name  applied  to  a  variety  of  pharmaceutic  exlracls, 
generally  prepared  in  such  a  way  thai  ihey  must  contain  mainly  the 
amins,  and  relatively  little  of  the  alkaloids. 


ACTIONS  OF  ERGOT 


J 


The  efifects  of  the  various  ergot  conslituents  are  so  much  m 
when  they  are  present   together,   thai  it   is  advisable  to  describe  first 
the  actions  produced  by  ergot  itself. 

Uterine  Actions.— The  most  important  use  of  ergot  is  in  obstetrics. 
Ergot  preparations  stimulate  the  uterus,  especially  when  pregnant.  The 
clinical  effects  are  well  described  by  Sharp,  ipi  i.  ]n  labor,  the  ordinary 
doses  improve  the  uterine  tone,  and  collect  small  irregular  and  non- 
effective pains  into  larger  effective  contractions.  Small  doses  may  inhibit 
the  contractions.     Excessive  doses  produce  prolonged  tonic  constriction. 

When  proi>er  doses  are  used  during  labor,  with  the  os  fully  dilaic<i 
and  no  obstruction,  they  tend  to  hasten  normal  delivery.  Really  effective 
doses,  however,  are  rather  dangerous  to  mother  and  child.  The  firm 
contraction  may  hinder  delivery,  and  compress  and  asphyxiate  the  fctusi 
even  rupture  of  the  uterus  has  been  reported;  but  these  accidents  art 
very  rare. 

The  most  extensive  employment  of  ergot  is  after  the  delivery,  to  hastea 
and  sustain  the  normal  retraction;  thus  obliterating  the  open  sinuses,  and 
checking  postpartum  hemorrhage.  In  early  pregnancy,  its  effects  are  much 
less  certain.  Contrarj'  to  [wpular  opinion  it  is  not  abortifacient  unless 
dangerous  doses  are  long  continued. 

The  uterine  effects  are  due  mainly  to  ergotoxin  and  histamin  aided 
somewhat  by  tyramin.  Ergotoxin  has  been  used  therapeutically  and 
acts  more  promptly  (four  minutes  after  hypodermic  injection,  Sharp). 
Pituitrin  is  now  being  employed  considerably. 

Ergot  has  also  been  used  in  other  forms  of  uterine  hemorrhage  and  in 
chronic  metritis-^  but  is  probably  of  little  value  apart  from  obstetric  coo(te- 
tions. 

Administration. — The  usual  dosage  is  2  to  5  c.c,  *2  to  i  3  of  the  fluid" 
extract,  or  the  equivalent  of  the  solid  extract,  which  is  eight  times  as 
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Strong.  They  may  also  be  used  hypodermically  or  intramuscularly. 
The  response  to  ergot  is  quite  prompt  even  when  taken  by  mouth;  it 
appears  in  fifteen  to  thirty  minutes  and  lasts  half  an  hour  (Brady,  igio). 
Opium  delays  but  prolongs  the  effects;  moderate  chloroform  anesthesia 
docs  not  modify  them  (Sharp). 


Mechanism  of  Uterine  Action. — The  action  is  peripheral,  since  it  occure  also  in  the 
ttdaed  uterus  (Kurdinowski,  1906;  Fcllner,  iqo6;  human,  Ruehsamenand  Rligermann, 
Jpij).  Moderate  concentrations  increase  the  tone  And  the  automatic  contractions; 
High  concentrations  produce  tetanus  of  the  uterus.  CFrancois,  igi7,  cautions  aljout 
the  interpretation  of  the  phenomena.) 

La  Torre,  loi^.  found  interesting  histologic  changes  in  the  uteri  of  dogs  treated  with 
ergot.  They  consist  in  contraction  of  all  the  muscular  uterine  layers  and  of  the  arterial 
mu5cle;  being  especially  marked  in  pregnancy  when  the  muscle  is  hj-pertronhied.  The 
reiiaclion  of  the  muscle  is  then  so  great  that  muscle  seems  ainiosi  absent.  The  smaller 
vtaselfi  going  through  the  muscular  layer  to  the  mucosa  are  greatly  compressed,  whilst 
Uie  larger  vessels  are  dilated.  Paradoxical!^',  it  appears  as  if  the  ^'ol^mc  of  muscle 
*ere  diminished,  and  the  lumen  of  the  uterus  increasea.     The  interpretation  is  difficult. 

Blood  Pressure. — This  is  practically  unchanged,  in  man  (Sharp,  igi  i), 
or  animals,  unless  the  ergot  is  injected  into  a  vein.  This  produces  con- 
siderable, but  inconstant  and  complex  changes.  The  variability  is  largely 
explained  by  the  conflicting  actions  of  the  different  constituents,  and  by 
dosage  and  other  conditions. 

Sometimes  theKe  is  a  large  but  brief  fall  from  direct  cardiac  depression,  followed  by  a 
sligbt  but  prolonged  rise  from  direct  cardiac  and  vascular  stimulation  (Sollmann  and 
Brown,  1905).  The  fail  is  presumably  due  to  histamin  and  acetyl-cholin;  the  ri.sc  to 
«Tfotoxin  and  tyramin.  Otner  experiments  show  very  little  fall  and  somewhat  greater 
iTstlCronyn  and  Henderson,  1909;  Edmunds  and  Hale,  191 1).  This  rise  is  greater  if 
Ibe  vasomotor  center  has  been  destroyed,  and  is  therefore  due  to  a  direct  peripheral 
-atlionon  the  vessels  (Jacobj,  1897;  Wood  and  Hofer,  iqio).  Excised  arteries  {except 
the  pulmonary)  are  also  constricted  (Cow.  191 1}.  The  vasoconstriction  occurs  also  in 
<^nm-frce  solutions  (Penrce.  iqij),  and  is  due  to  ergoto.\in  and  tyramin.  The  vaso- 
motor center  is  not  affected  by  ergot  or  ergotoxin  (Pilchcr  and  Sollmann,  1915). 

TTk  pressure  in  the  puinwnary  artery  is  increased,  whether  the  carotid  pressure  is 
^■•ling or  falling  (Wood,  iqii).     Mcllin,  1904,  Plumier,  1905,  and  Anderes.  1915,  allrib- 
gtt  the  rise  to  constriction  of  the  pulmonar>'  vessels;  Dixon  to  increased  output  of 
right  ventricle.     Wiggers,  191 1,  showed  that  ergotoxin  produces  both  effects. 
,    Very  lar^f  doses  of  ergot  paralyze  the  vagus  center,  and  the  \Tisomotor  endings 
n>ncphrin  becoming  ineffective,  whilst  barium  is  still  active)  (SoUmann  and  Brown, 
^ws)-    This  "vasomotor  reversal"  is  due  solely  to  the  ergotoxin  (Dale,  1905). 


I 


Ergot  as  General  Styptic. — The  efficiency  of  ergot  in  postpartum  hem- 
orrhage, and  the  vasoconstriction  observed  in  animal  experiments,  have 
Jeii  to  its  use  against  hemorrhage  in  other  situations.  However,  the  con- 
•"Jilions  here  are  altogether  different;  for,  as  ordinarily  administered,  it 
^oes  Doi  affect  the  blood  vessels  or  blood  pressure.  Its  use  is  therefore 
"mtional  (Bradford  and  Dean,  1894).  It  is  also  useless  in  pulmonary 
hemorrhage  (Frey,  1Q09).  It  has  been  praised  rather  uncritically  in  a 
ereai  variety  of  other  conditions,  which  it  would  be  useless  to  enumerate. 
Cyanosis  of  the  Comb  of  the  Fowl.— \\'hen  ergot  preparations  are  ad- 
^'""^tercd  to  roosters,  in  about  an  hour  the  tips  of  the  comb  and  wattles 
ne  blue  and  cold,  the  effect  lasting  several  hours.  It  may  be  pre- 
■I  by  temporary  blanching.  This  reaction  is  used  for  testing  the 
JUility  of  ergot  (see  below).  It  is  due  to  ergotoxin;  histamin  produces 
^^imiiarbut  much  prompter  effect  (Crawford,  1913);  tyramin  is  ineffective. 
TTie  mechanism  of  this  cvanosis  is  not  understood. 
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It  has  been  attributed  to  vnsoconstnctlon;  but  the  cyanosb  docs  not  occur  after 
other  vasoconstrictor  drugs;  whilst  it  is  produced  by  paraldchyd  which  lowers  blood 
pressure  (Crawford),  by  cantharidin  [Ellingcr,  iqoS)  which  injures  capillaries;  and  hy 
other  drugs  which  cause  v-ascular  injury  (large  hypodermic  doses  of  cane-sugar,  pjper- 
azin.  chromic  add,  etc.). 

Gangrene  Action. — This  is  a  characteristic  feature  of  chronic  ergot 
poisoning  in  man  and  in  many  animals.  It  is  most  readily  studied  in 
roosters. 

If  ergot  is  piven  repeatedly  to  roosters,  the  bluing  persists  in  the  tip*  of  the  comb,] 
and  gradually  involves  the  entire  comb  and  the  wattles.     Eventually,  these  api 
undergo  gangrene  and  may  drop  off.     The  extremities  may  also  be  involved;  in  one 
experiment,  the  entire  wing  fell  off  after  a  few  days. 

Bistclogic  Changes. — v.  Recklinghausen,  1883,  showed  that  the  larger  arteries 
but  not  the  veins,  of  the  gangrened  comb  are  occluded  by  liyahnc  thrombi.  The  capil- 
laries arc  congested  with  red  corpuscles.  These  results  ucrc  confirmed  by  Grucnfcld, 
iSgo.  They  are  generally  referred  to  very  N-iolent  constriction  of  the  small  arlcrics, 
interrupting  the  blood  stream.  This  explanation  is  entirely  hvpolbetical.  Krj-synib 
observed  formation  of  thrombi  in  a  variety  of  conditions;  and  it  is  probably  a  result  of 
a  toxic  effect  on  vascular  endothelium.  No  histologic  changes  are  found  in  the  acute 
cyanosis. 

SusceptibUity  of  Dijerent  Animais  to  Gangrene. — Pigs  are  quite  susceptible  to  the 
gangrene  action  of  ergot.  They  react  especially  by  pustular  cnipUons  on  the  skio; 
the  ears  are  particularly  susceptible,  florsex  and  cattif  show  similar  changes.  Afan  i* 
quite  subject  to  the  gangrene,  which  begins  in  the  extremities.  The  fingers,  toes,  or  an 
entire  member  may  slough  off.  Dogs  and  rahbiis  do  not  seem  to  be  susceptible  to  this 
action. 

The  cause  of  the  \'arying  susceptibility  has  not  been  demonstrated.  It  may  be  due 
to  physiologic  peculiarities,  or  merely  to  anatomic  differences.  The  gangrene  alws>-5 
begins  in  those  situations  in  which  the  circulation  is  weakest.  It  differs  in  no  essentiftl 
from  gangrene  produced  by  anj'  other  cause.  It  may  be  dry  or  wet,  according  to 
whether  liqucf>ing  bacteria  are  absent  or  present. 

Salant  and  Hccht,  1914,  describe  a  hauituation  tolerance  to  the  action  of  ergot  oa 
the  cock's  comb  and  to  the  fatal  dose. 

Alimentary  Canal. — Injection  of  ergot  or  ergotoxin  (10  mg.  for  rabbits,  intraven- 
ously) results  in  marked  increase  of  peristalsis  through  the  whole  alimentar>'  tract;  afld 
in  increasetl  intestinal  motor  response  to  vagus  stimulation  (MelLzerand  Githens.  loi^)- 
This  produces  violent  diarrhea  and  vomiting.  The  cmesis,  however,  is  largely  ccnOal 
(Egglcston  and  Hatcher,  1915). 

In  chronic  poisoning,  these  direct  effects  are  aggravated  by  vascular  stasis,  advanced 
cases  showing  ecchymosis.  ulcer  formation,  etc.  The  ulcers  involve  particulurly  the 
lymph  follicles,  in  which  the  blood  supply  is  poorest.  The  stasis  may  lead  to  effusiop 
of  blood  into  the  lumen  of  the  intestine.  The  appetite  is  lost.  This  action  on  the  ali- 
mentary canal  is  also  most  marked  in  the  animals  mentioned,  but  occurs  in  others- 
The  livrr  of  roosters  shows  peculiar  degenerations,  resembling  amyloid. 

Isolated  Bronchial  Muscle. — Ergot  has  no  effect  (Titonc,  1913). 

Central  Nervous  System. — This  is  affected  both  directly  and  indirectly,  and  ih* 
effect?  are  correspondingly  variable.  With  moderate  doses,  the  fiow  through  the  ccn^ 
bral  vessels  is  increased.  Small  doses  may  cause  raedullaiy  stimulation  (vagus  slowi"?! 
increased  respiration,  convulsions,  etc.).  Large  doses  of  ergot  cause  deaik  by  medullary 
paralysis.     It  has  a  narcotic  effect  for  roosters. 

ERGOTINIC  ACID 

This  has  a  t>7>ical  sapotoxin  action.  Taken  bv  the  mouth  it  produces  no  effects 
beyond  locai  irriiation,  as  sapoto.xins  are  not  absorbed.  If  injected  subcutaneoiisly^r 
intravenously,  it  will  produce  paralysis  of  the  central  ner\'ous  system  and  of  protopi**™ 
generally.  It  causes  peripheral  paralysis  of  blood  vessels,  and  thereby  lower?  th* 
blood  pressure. 

ACUTE  ERGOT  POISONING 

This  is  rare  in  man,  but  may  occur  by  attempts  at  abortion.  The  symptoms  n* 
vomiting,  diarrhea,  vertigo  and  confusion,  precoroial  distress,  dyspnea,  muscular  pal"*- 
paresthesias  and  anesthesias,  disturbances  of  vision  and  speech,  epileptoid  oonvuUiot^ 
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[Qall  pulse,  loss  of  consciousness.     In  pregnancy^  uterine  hemorrhage  and  abortion 
f  the  dead  fetus  arc  frequent.     Recovery  after  severe  poisoning  may  take  several  daj-s. 
Rosenbtuom  and  Schildcrkcr,  1914,  have  isolated  ergotinin  crystals  from  a  patient 
ead  of  acute  ergot  poisoning. 


CHRONIC  ERGOT  POISONING,  ''ERGOTISM" 

This  is  now  mainly  of  historic  interest.  The  initial  symptoms  are 
lirly  uniform  but  they  develop  into  two  distinct  types,  the  gangrenous 
nd  convulsive.  These  are  so  dissimilar  that  they  were  long  classed  as 
?parate  diseases.     Toward  the  end  the  symptoms  become  similar. 

Historical. — Ergotism  was  formerly  ver>'  frequent  endemically  in  consequence  of 
le  presence  ot  ergot  in  flour,  and  the  population  of  large  tracts  of  country  have  been 
aisoned.  The  last  large  epidemic  in  the  United  States  occurred  in  New  York  in  1835. 
incc  the  cause  has  been  recognized  these  epidemics  have  been  less  frequent,  but  in 
ussia  they  still  play  quite  an  important  role  (Schmack,  1897).  A  comprehensive 
iscussion  of  the  history  of  ergot  is  given  hv  Kobcrl.  i88g. 

Symptoms. — The  initial  stage  is  ushered  in  by  diUurbance  of  the  peri]diera]  sensory 
pparatus.  There  is/ormuation  in  the  skin  and  various  other  disturbances  of  cutaneous 
-nsation.  Bypcrfufhtjiii  and  anesthesia  exist  at  the  same  time  in  different  parts,  or 
vtn  in  the  same  part,  die  skin  being  bj'peresthctic  to  some  forms  of  stimulation  and 
Dcsthetic  to  other  forms. 

These  disturbances  of  sensation  hefiin  at  the  extremities  and  spread  upu-ard.  This 
islribution  favors  the  view  tiiat  they  are  mjinifestationa  of  changes  in  the  circulation, 
incc  these  would  make  themselves  felt  first  of  all  in  the  extremities.  The  disturbance 
ti  sensations  also  involves  the  alimentary  canal.  There  is  apt  to  be  at  once  voracious 
runner  and  loss  of  appetite.  DiKestion  is  much  impaired  on  account  of  the  disturbed 
■irculalion.  Diarrhea  and  vomidng  are  very  common.  The  vomiting  is  partly  due 
o  the  disturbed  circulation  and  partly  to  the  action  on  the  center.  The  central  sensory 
Lpparatus  alM>  shows  changes  at  this  time,  There  is  violent  and  persistent  headache 
md  central  disturbances  of  the  special  senses.  The  motor  system  also  begins  to  show 
ibnormal  symptoms,  such  as  tipttchings  and  tremors,  most  marked  in  the  extremities  and 
n  the  tongue. 

In  ail  these  effects  of  ergot  it  is  extremely  difficult  to  say  to  what  extent  the  phenom- 
ena are  caused  by  the  central,  and  to  what  extent  by  peripheral,  actions.  They  arc 
probably  largely  dependent  on  disturbances  in  circulation,  and  these  may  in  some  cases 
>e  more  prominimt  in  the  central  nenous  system;  in  others,  peripherally. 

At  this  point  the  sen«;or>'^  symptoms  have  reached  their  acme,  and  do  not  become  any 
■^rae.  but  (HTStst  as  they  have  Keen  described.  But  the  motor  phenomena  go  on  in- 
fieasing;  the  twitchings  pass  into  spasms,  and  then  into  permanent  and  often  very  poin- 
ui  conirttetures.  Always  beginning  at  the  extremities,  they  in\*olve  the  terminal  pha- 
*ng»  of  the  nngers  and  ascend  to  the  other  joints.  The  facial  muscles  also  participate. 
The  l\*pc  of  these  contractures  shows  that  their  origin  is  central.  They  arc  not  ab- 
■olutcly  persistent,  but  lust  for  about  half  an  hour;  then  pass  of!  for  a  time,  and  reappear. 
This  is  very  different  from  spasms  of  peripheral  origin,  such  as  those  of  lead-poisoning. 
fbe  smooth  muscles  may  also  participate  in  these  contractures;  especially  tnat  of  the 
bladder,  so  Ihat  there  may  be  involuntary  evacuation  of  the  urine,  tene.imt4St  etc. 

Tlic  pulse  is  always  hard  ami  small,  pointing  to  a  high  blood  pressure.  Its  fre- 
lUcocy,  however,  is  variable.  It  is  usually  blow,  due  probably  largely  to  the  high 
treasure. 

So  far  the  symptoms,  the  initial  stage,  are  common  to  all  the  different  forms  of 
^otism^  they  can  oe  accounted  for  partly  by  the  changes  in  the  circulation  and  partly 
^y  the  direct  action  of  the  ergot  principles  themselves.  In  the  second  stage  the  circu- 
*tor)'  dislurbiinces  become  more  marked.  The  phenomena  already  seen — the  dis- 
lurlnnces  of  sensation  and  the  contractures — persist;  but  to  these  are  added  secondary 
^*«ti  due  to  the  prolonged  slowing  of  the  circulation.  These  may  be  most  marked  in 
tJit  central  ner\*ous  system  or  in  the  extremities.  The  former  give  rise  to  the  so-<'alleH 
^f^f**u)dic  form  of  ergotism.  The  predominance  of  stasis  in  the  extremities  produces 
^^  toniftnous  form. 

Why  one  action  should  predominate  in  some  individuals,  and  another  action  in 
**^rx,  is  not  explained.  Perhaps  there  may  be  some  differences  in  the  anatomic 
*''^£cn>cnt  of  the  blood  vessels  or  extent  of  the  innervation. 

(A)  The  gangrenous  form  may  have  been  indicated  somewhat  earlier.  Pustules 
^y  have  formed  in  the  skin,  wluch  are  due  to  this  defect  of  circulation.     In  more 
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marked  degrees  it  affects  the  extremities.    The  entire  member  may  be  involved  in 

gangrene,  which  differs  in  no  respect  from  any  other  gangrene;  it  has  its  line  of  demard 
tion,  and  may  be  wW  or  dry  according  to  bacteriai  infection.  The  linger,  toe.  or  lino 
may  slough  away  without  bleeding. 

(B)  In  the  spasmodic  fonn  the  contractures  pass  into  tonk  and  chnic  convulsions 
epUrptifprm  spasms.  Since  any  part  of  the  central  nervous  system  may  be  affect< 
the  exact  symptoms  may  be  cYtrcmcly  variable.  It  may  be  repeated  that  they  arc  d 
to  a  defective  circulation  in  the  central  nervous  Bj-stem,  which  leads  to  stimulation  a 
then  to  paralysis.  Both  forms,  the  gangrenous  as  welt  as  the  spasmodic,  are  thercfQ 
due  to  changes  in  circulation,  and  arc  determined  by  the  ergotoxin. 

The  treatment  of  ergot  poisoning  can  be  only  symptomatic. 

DETERIORATION 

The  ergot  alkaloids  and  amins  arc  rather  unstable  substances; 
it  has  long  been  observed  that  ergot  loses  its  activity  with  age.  Ergoti 
is  said  to  have  occurred  only  during  the  first  four  months  after  harv 
(Poulsson).  Many  pharmacopeias  therefore  direct  that  ergot  must  n( 
be  older  than  one  year;  but  the  fluidcxtracts  on  which  the  reputation 
ergot  is  mainly  based  have  probably  all  been  aged  for  a  year  before  bein 
sold  (Eldred,  1913).  The  alcoholic  preparations  probably  keep  bett 
but  no  exact  data  are  available.  The  activity  of  ergot  should  therefd 
be  ascertained,  at  least  qualitatively,  by  bio-assay. 

Using  the  cock's-comb  test,  Haskell  and  Eckler.  1912,  found  that  the  acti^-ity 
the  fluidcstract  remained  practically  unchanged  for  two  and  one-half  years;  th( 
deteriorates  gradually,  so  that  it  has  fallen  to  alx>ut  one-half  in  three  and  one-half 
Special  proprietary  preparations  are  very  unreliable. 

BIO-ASSAY 

The  complex  composition  of  ergot  makes  chemical  assay  practically  out  of  the  qufl 
tion.  The  same  objection,  but  to  a  lesser  degree,  holds  for  the  bio-assay  (Edmunds  x 
Hale,  191 1).  The  ideal  would  be  to  measure  the  therapeutically  desirable  eflec 
but  it  is  not  certain  that  any  of  the  present  methods  accomplish  this  result.  H 
cock*s~comb  test  is  the  most  widely  employed  and  probably  the  most  satisfactory.  Tfc 
reaction  was  described  byLorinscr,  1824;  used  experimentally  by  Gruenfcld,  1892 
1S95,  under  Kobcrt;  and  applied  commercially  by  Houghton,  i8q8.  The  detidk 
described  by  Edmunds  and  Hale,  iqii,  and  in  U.S. P.  IX.  It  estimates  maialT 
ergotoxin,  but  is  also  affected  by  the  histamin.  Its  results  agree  very  closely  with  tl 
more  complex  utfritu  tnttkod  of  Edmunds,  190S.  Another  uterine  method  is  describe 
by  F.  E.  Stewart  and  Pittenger,  1013.  Dixon,  1906,  and  Wood  and  Hofer,  1910,  propol 
the  blood- pressure  rise  as  a  test;  but  this  gives  conflicting  results,  as  might  be  eapcct 
from  the  opposing  actions  of  the  constituents. 

PREPARATIONS — ERGOT 

Ergot,  U.S.P.,  B.P.;  Ergot*  (Secale  cornutura). — A  fungous  growth,  CUi 
purpurea,  from  rye."  Generally  collected  in  Russia  or  Spain.  Should  not  be  older 
one  year.     Dose,  2  Cm.,  30  gr.,  U.S. P.;  i  to  4  Gm.,  15  to  60  gr,,  R.P. 

Ext.  Ergot.,  U.S.P. — A  pilular  extract,  prepared  by  defatting  ergot  with  bei 
extracting  with  acidulated  alcohol,  and  evaporating.     Dose,  0.2$  (im.,  4  gr  ,  U. 

Ext.  Ergot.,  B,P.;  Ext.  Ergot.  Punf.  (Krgolin   Ronjean). — A  soft  walcr>'  cxtr 
purified  by  partial  precipitation  with  alcohol.     Dose,  0.13  to  0.5  Gm.,  2  to  8  gT. 

Erjuotin. — This  name  has  been  appUed  to  ver>'  different  preparations. 

Those  that  occur  most  extensively  in  the  older  literature  are: 

Ergotin  Bonjean:  Aqueous  solid  extract,  purified  with  alcohol. 

Ergotin  Wernnh:  Dialyzed  extract,  marketed  both  as  a  liquid,  and  aft  a  soft  ext 

F^gotin  Wig^crs:  Dried,  alcoholic,  purified  solid  extract. 

Ergotin  Yvon:  Fluid  extract  prepared  with  dilute  solid  tiirtaric  acid. 

Haskell,  1914,  found  that  "ergotin"  and  powdered  extract  produced  all  the  t>T 
effects  of  ergot,  but  that  the  effects  on  the  uterus  are  wcakenea  much  more  thao, 
on  blood  pressure. 

'  Prom  the  French,  "ergot."  a  cock'i  spur,  which  it  reMmbtc*  in  appearance. 
*Claviirpt  paspoli.  (crowing  tm  ■   Soulhfrn  forage  graiis.    PK»p«Inm.  prcidaces  tone 
eeding.      They  have  not  been  ttndied  in  detail  (H.  B.  Brown.  1916). 
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•Fluidfxtractum  ErgoUe  (Fldcxt.  Ergot.),  L'.S. P.— Prepared  with  acitfulated  dilute 
alcohol.     Dose,  a  c.c,  30  minima,  U.S.P. 

*Ext.  Ergot.  Liq.^  B.P. — An  aqueous  solution^  preserved  with  alcohol.  DoiC,  0.6 
to  i.fi  c.c,  10  to  .50  minims,  B.P, 

Inf.  Ergot.,  B.P. — 5  per  cent.     Dose^  jo  to  60  c.c,  t  to  1  ounces,  B.P. 
'Inject.  Ergttf.  Hyp.,  BP. — jj  per  cent,  of  Ext.  Ergot,,  B.P.,  preser\'ed  with   i  per 
cent  of  phenol.     Dote,  0.3  to  0.6  cc,  5  to  10  minims,  B.P. 

Tr.  Ergot.  Ammon.,  B.P. — 25  per  cent.,  with  dilute  alcohol  and  ammonia.  Dose, 
3  to  4  c.c,  ^  to  I  dram,  B.P. 

EriotlniHiT  Citras,  N'  N.R. — The  weaker  alkaloid  of  ergot  Dose,  0.3  to  0.6  mg., 
Hoo  t<*  ^  Mio  Rr.,  hypodermically,  N.N.R. 

tJttflaga  Maydis. — Com  Smut. — .\  fungus  analogous  to  Ergot,  found  on  the  corn 
pUnl.  Little  is  known  about  its  composition  or  action,  although  it  has  been  employed 
by  the  negroes  for  abortion,  and  stock-raisers  have  also  observed  that  it  has  an  ccbolic 
«5«t.  Robert  states  that  it  does  not  produce  the  ergot  action  on  the  cock's  comb. 
Ht  mast  have  worked  with  old  samples,  since  the  author  obtained  the  typical  darken- 
ing from  several  different  samples.  However,  the  action  is  quite  weak,  and  the  drug 
wesDot  deserve  much  attention  unless  it  should  be  possible  to  isolate  the  principles  in 
no.'eartive  form.     It  contains  resins. 

ERGOTOXIN 

This  is  concerned  in  the  stimulation  of  the  uterus;  ihe  vasoconstric- 
tion'; the  bronchial  constriction:  the  intestinal  irritation;  the  gangrene; 
and  the  vasomotor  reversal.  It  produces  a  powerful  and  prolonged 
peripheral  stimulation  of  smooth  muscle,  particularly  in  the  arteries  and 
uterus.  Large  doses  paralyze  the  augmentary  sympathetic  endings 
(myoneural  junction)  which  are  stimulated  by  cpinephrin  (Dale,  IQ05, 
1906  and  1913).    Ver>'  massive  doses  paralyze  the  muscle. 

Excised  Hunum  Ctenu.— This  is  contracted,  but  requires  higher  concentrations 
tbmcan  be  U!«cd  clinically  [Lieb.  rgis);  Kchrer,  1911,  found  i  to  3  mg.  hypodermically 
^Bite ineffective.  Sharp,  igio,  however,  claims  that  0.6  mg.  contracts  the  uterus  more 
pnmiptly  and  powerfully  than  ergot  extracts,  but  that  the  action  is  too  brief. 

Vascular  Effects. — The  rise  of  bluod  pressure  with  crgoloxin  i§  purely  vascular 
(diminished  organ  volume).  The  constrictor  action  is  exerted  directly  on  the  arteries, 
for  it  occurs  after  the  medulla  has  been  divided,  and  the  vascular  ganglia  excised  or 
(arilvMd  by  nicotin. 

K  now,  during  this  rise,  the  vasomotor  nerves  be  stimulated — cither  electrically, 
Jirliv  .ninrnhrin  or  nicoUn — ^  fail  of  pressure  results,  instead  of  the  customary  rise. 
11    has   therefore   paralyxcd    the  pcripheraj   sympathetic   vasoconstrictor 
It  itaving  the  central  dilator  mechanism  active.     This  vasomotor  reversal  is  ob- 

inctl  in  pithed  cats  by  0.5  mg.  per  kilogram,  intravenously.     Since  ergot  itself  and 
tarium   are   still   capable  of  producing  vasoconstriction,  the  arterial  muscle  can  not 
paralyzed;  and  the  constrictor  paralysis  would  be  referred  to  the  myoneural  junction, 
also  prn\fs  that  the  constrictor  action  of  ergotoxin  is  more  peripheral,  i.e.,  directly 
the  muscle  fiber.     Very  large  doses  finally  paralyze  this  also. 

Thp  antagonism  of  ergotoxin  and  epinephrin  can  also  be  demonstrated  on  excised 
*ncrie5  'Macht,  igi's)  and  on  the  stomach  (M.  Smith  igiS). 

KiEotoxin  als«>  reverses  the  expanding  action  of  epinephrin  on  the  mtlanophorcs  of 
^^  'Sparih  and  Barbour,  1917).  The  central  actions  of  epinephrin,/./.,  the  lever,  are 
Out  Aoiagonized  fCIoctla  and  Waser,  1915). 

Cardiac  Effects.— These  are  slight.     In  the  excised  mammalian  heart,  Wiggers, 
"r,  obsened   diminished   systolic  contraction  and  increased   tone  witli  decreased 
ilitude  and  output.     In  intact  animals,  the  heart  is  mainly  affected  indirectly  by  the 
tilir  changes;  the  amplitude  being  first  diminished  and  then  increased. 
Bronchioles.-- These  are  scarcely  affected  (D.  E.  Jackson,  iquI- 
Dreter. —  Krgotoxin  inhibits  or  reverses  the  cpinephrin  stimulation,  but  does  not 
lere  with  the  parasympathetic  stimulants  (Alacht,  1916). 
_    Pupil. — In  cats,  these  are  contracted  (Dale).     With  rabbits,  the  intravenous  in- 
l*aion  (1  to  3  mg.  per  Kg.)  generally  produces  dilation  by  a  direct  local  action  (Githens, 


434  MANUAL   OF  PHARMACOLOGY 

Temperature. — In  rabbits,  this  is  raised  by  3  to  4-s°C.  through  the  intravenous  in- 
jection of  2  m^.  per  Kg.  Some  rise  occurs  even  after  curare,  so  that  it  is  not  muscular. 
There  is  no  nse  in  decapitated  animals.  The  action  must  therefore  be  central,  and 
probably  involves  both  increased  heat  production  and  diminished  heat  loss.  Cats 
also  respond  by  a  rise  of  temperature;  whereas  rats,  mice  and  pigs  exhibit  a  fall  (Githens, 
191 7). 

Sugar. — Ergotoxin  arrests  the  epinephrin  and  theobromin  glycosurias,  diminishing 
the  hyperglycemia,  and  rendering  the  kidneys  less  j>ermeable  to  sugar;  the  permeability 
to  chlorids  is  not  affected.  The  epinephrin  diuresis  is  somewhat  decreased  by  it,  bat 
not  the  theobromin  diuresis  (Miculicicn,  191 2). 

HISTABON 
(Betaiminazol^-Ethylamin;  Ergamin;  Ergotidin) 

General  Staiement. — Histamin  is  largely  responsible  for  the  actions  of 
aqueous  extracts  of  ergots.  It  occurs  also,  mostly  in  combined  form, 
in  all  tissues,  and  is  liberated  in  putrefaction. 

It  is  destroyed  in  the  digestive  tract  and  therefore  gives  but  little 
effect  when  administered  by  mouth;  but  when  injected  subcutaneousiy 
or  intravenously,  it  produces  intense  direct  stimulation  of  the  tone  or 
rhythm  of  smooth  muscle,  similarly  to  pituitary  extract;  and  lowers  blood- 
pressure,  similarly  to  peptone  or  anaphylactic  shock;  apparently  by  (J^t- 
ing  the  capillaries. 

Structure. — Histamin  is  derived  from  histidin  as  follows: 

HC  -  NH  HC  -  NH 

II    >^  II    >^ 

C  -  N  C  -  N 

I  I 

CH,.CH.NH,  CH,.CH,.NH« 

COOH 
—  Histidin  *  Hiitamin 

Occurrence  in  Tissues, — Histamin  occurs  in  extracts  of  all  tissues,  animtt  la^ 
vegetable.  Some  is  perhaps  free,  but  the  greater  part  is  liberated  by  protein  deivage, 
whether  this  be  effected  by  adds,  by  ferments,  or  by  bacteria.  The  histamin  or  detdj 
related  substitution  products  are  probably  the  active  agents  in  pituitary  extract,  per- 
istaltic hormones  or  "motilenes'  (secretin)  of  the  intestinal  mucosa,  vaaodwatia. 
peptone,  etc.,  (Abel  and  Kubota,  1919;  Bibliography). 

Significance  in  Digestive  Tract. — Considerable  quantities  of  histamin  are  Ebenttd 
from  the  food  by  digestion.  These  may  be  important  as  stimulants  of  the  gastric  aul 
intestinal  musculature,  and  also  by  dilating  the  intestinal  capillaries  during  digestif 
(Abel  and  Kubota).  Theories  of  "intestinal  autointoxication"  have  also  been  baft 
on  the  production  of  histamin  by  intestinal  bacteria.  These,  however,  are  not  justified 
since  the  histamin  is  broken  down  so  rapidly  by  other  bacteria  that  very  little  is  afaaom 
(Mellanby,  19x6).  Considerable  quantities  are  tolerated  when  given  by  mouth  (Abo 
and  Kubota). 

"Shock-poison." — It  has  been  suggested  that  the  liberation  of  histamin  in  injnnd 
tissue  is  the  possible  cause  of  traumatic  shock;  (Abel  and  Kubota). 

Rdle  in  Ergot  Effects. — Histamin  is  concerned  in  the  uterine  stimulation,  in  the 
cyanosis  of  fowl;  and  the  fall  of  blood  pressure  that  is  observed  with  some  ergot  pRfi** 
rations. 

Susceptibility  of  Different  Muscles  and  Glands. — The  stimulation  of  saooA 
muscle  is  most  marked  in  the  uterus;  the  bronchioles  are  also  highly  sensitive;  thei>- 
testine,  arteries  and  spleen  are  less  susceptible;  the  bladder  and  iris  do  not  reqioBi 
The  action  is  directly  on  the  muscle  (QuagUariello,  1914).  Cardiac  muscle  is  sifliflT 
stimulated;  skeletal  muscle  is  not  affected.  It  hasa  weak  pilocarpin  action  on ^ss^ 
(Barger  and  Dale,  1910;  Dale  and  Laidlaw,  1910;  Kutcher,  1910;  Ackennann,  1910^' 

Uterus. — This  is  contracted  in  situ  in  virgin  guinea  pigs  and  non-gravid  cats.  R 
increase?  especially  the  tonus  of  the  excised  uterus  of  cats,  rabbits  and  guinea  pp 


HISTAMIN 


435 


and  Dair,  iqto);  but  relaxes  that  of  rats  (Fuehner,  1913).  The  experimcnis 
d  Kehicr,  1910,  and  Guge^nhcini,  1914,  indicate  that  the  tone  of  the  human  uterus  is 
ibo  increased ;  but  it  would  have  to  be  used  cautiously  on  account  of  its  toxic  effects 
fresplralorv  disturbances  and  convulsions).  C.  Koch.  1913,  reports  successful  results 
ID  uterine  inertia  from  the  intramuscular  injection  of  i  mg.;  Jaeger,  loijii  found  8  oig. 
QCrcssary.  Even  i  mg.  produces  some  unpleasant  side  actions;  with  efffctivc  doses  there 
may  be  headache  and  %-iolcnt  vomiting.  Its  use  b  therefore  not  advisable.  It  has  little 
effect  by  moulh. 

Circulation. — The  effects  of  histamin  arc  complex,  and  puzzling.  It  raises  the 
blood  pressure  in  a  few  species  (rabbits  and  guinea  pigs),  but  in  most  species  (dogs,  cats, 
Bionkej-s,  fowl)  it  produces  extensive  fall  of  blood  pressure,  which  may  be  short  or 
pcrsstent,  according  to  the  dose.  With  large  injections,  the  condition  appears  identical 
with  "shock  "  (Mellanby). 

The  fall  is  not  cardiac;  and  attempts  to  explain  it  by  the  behavior  of  the  arteries  and 
veins  met  with  irreconcilable  contradictions.  This  leaves  only  the  capillaries.  The 
tvidencc  is,  however,  indirect. 

An&lo^us  conditions  apply  to  the  phenomena  of  traumatic  shock,  peptone  shock 
aiKi  toepinephrin  dilation.  The  dilator  action  of  cholin.  on  the  other  hana, appear,  to  be 
tlifferent  (Dale  and  Richards,  1918).     The  dati  on  histamin  arc  as  follows: 

Beart. — The  isolated  frog's  heart  is  slowed;  the  perfused  mammalian  heart  shows 
esbort  and  slight  slowing,  foQowcd  by  considerable  quickening  with  increased  excursions 
(Eines,  1913). 

Vasowuftor  CtnUr, — This  is  not  affected  directly,  but  the  fall  of  blood  pressure,  and 
Ihf  respirtttor>'  disturbances  usually  produce  moderate  stimulation  (Pilcher  and 
^olhnaan,  igis)- 

OmmaUam^ — Dale  and  Richards,  1918,  confirm  tliat  the  depression  response  to 
liifitanUn  ai  wdl  as  to  epinephrin  and  acetyl  cholin  are  peripheral,  and  arc  indeed 
|;tfienUy  increased  when  the  nerve-supply  has  completely  aegenerated. 

Excifcd  Arierirs. — These  are  constricted  by  histamin,  in  all  species,  and  in  all 
»tuicions  {Dale  and  Laidlaw,  iqio,  19x1},  including  the  coronary  (Barbour,  IQ13} 
*nd  the  pulmonary  arteries  (Beresin,  1914;  Anderes  and  Cloctta,  1916);  but  not  the 
fiver  veins  (Beresin^  1914)- 

Fafu»ed  Organs. — These  respond  by  ^•asoco^5triction  if  the  histamin  Is  perfused  in 
**fine;  bat  in  the  presence  of  blood  and  epinephrin,  histamin  dilates,  and  therefore 
tproduocs  the  depressor  effect  of  intact  animals  (Dale  and  Richards). 

KeiaAon  to  Arterial  ran^.— Wliilst  the  dilator  effect  of  acetyl  cholin  shows  a  dc6nite 
»d»ti<Mi  to  the  tone  and  reactivity  of  the  arteries,  this  parallelism  does  not  hold  for 
tW  dilamr  effects  of  histamin     (DaJc  and  Richards). 

Pidman^ry  Vesfsis. — These  arc  apparently  constricted  even  in  intact  animals,  for' 
^prtamtit  in  tbe  pulmonar>'  artery  nscs  and  the  volume  of  the  lung  diminishes,  even 
*6en  the  pressure  in  the  sj-stemic  arteries  is  unchanged  (Anderes,   1915).     Bercsin, 
I914,  states  that  the  constrictor  effect  in  the  excised  vessels  is  removed  by  atmpin. 

Tktdry  oj  Deficitml  Blood  Return. — Marstner  and  Pick,  1915,  suggested  that  tbe 
fill  oi  pressure  after  histamin,  peptone,  etc.,  could  be  explained  by  ob.siruction  to  the 
I'^om  oi  the  blood  to  the  heart ;  for  instance,  by  spasmodic  constriction  of  the  intestinal 
Arterioles,  and  of  the  lung  vessels;  or  by  choking  of  the  liver  capillaries.  There  is, 
><i  fjtct,  congestion  of  the  Liver  and  of  the  splanchnic  vessels  in  peptone  shock  or  ana- 
|>ltylulsi  but  not,  according  to  Dale  and  Richards,  in  the  evanescent  histamin  fall. 
«  is  therefore  more  probsihly  a  secondary  result.  With  hisLimin,  at  least,  portal 
I'UtJticlion  is  not  the  essential  factor,  for  a  fall  occurs  in  eviscerated  animals.  The 
latfnt  period  of  the  fall  is  also  suggestive.  It  is  shortest  when  the  injection  is  made  into 
(uirtery;  longer  with  a  vein;  and  longest  with  the  portal  vein.  This  indicates  that  the 
^ctwn  is  on  a  structure  between  the  arteries  and  veins,  that  is.  on  the  capillaries. 

SemostaHc  Effett. — This  is  uncertain,  with  local  application  (Hanzlik,    1918). 

Coagulability' of  the  Blood. — This  is  not  affected,  in  distinction  to  peptone  (Dale 
^Laidlaw). 

Cerebrospinal  Fluid, — This  is  under  higher  tension,  due  simply  to  the  asphyjdat 
tfect  of  the  bronchoconstriction  (Dixon  and  Halliburton,  1914). 

Broncixioles, — These  are  strongly   constricted    by   peripheral   stimulation   (D.    E. 
^dtson.  1914),  sci  lliat  the  lungs  bloat  as  in  anaphylaxis  (Bachr  and  Pick,  1913). 
j    nrinaiy  Bladder. — This  is  not  stimulated  in  living  animals  fAbclin,  1919), 
I    latcstiaes. — Histamin  produces  intense  stimulation.    This  is  intemi6ed  by  calcium 
|]t»  {Van>'sck.  1914)- 

j  Dittstive  Serrelions. — The  intramuscular  injection  of  histamin  stimulates  the 
BcredoD  of  gastric  and  pancreatic  juice  and  of  saliva  (Keeton  et  a/.,  1920).  It  is 
lk»b*bly  closely  related  to  gastrin  and  secretin. 
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Skin. — Applied  to  the  scarified  skin,  a  few  drops  of  i:i,ooo  histamin  produce  a 
local  pallor,  taen  a  spreading  urticaria  and  erythema  (Eppinger,  1913).  The  erythema 
of  the  entire  skin  is  also  obtained  by  the  hypodermic  injection  of  0.5  to  t  ex.  of  1:1,000 
solution.  A  very  similar  reaction  is  produced  by  morphin;  tyramin  is  ineffective  (Soll- 
mann  and  Pilcher,  19 16). 

ExperimenkU  Urticarias, — ^Temporary  localized  edemas  of  the  skin  are  produced  by 
insect  stings  and  by  the  endermic  application  of  a  varietv  of  substances;  espedally  by 
histamin,  peptone,  morphin  and  its  derivatives;  to  a  smaller  degree  by  atropin,  coc&in, 
formaldehyd,  calcium  and  a  number  of  amino  compounds;  in  susceptible  individuals 
also  by  quinin,  etc.  and  by  certain  proteins  and  anaphylactic  poisons. 

No  definite  relation  of  the  urticaria  to  other  actions,  or  to  chemical  constitutioa, 
has  been  recognized.  The  urticaria  is  a  particular  light  or  limited  type  of  dermatitis 
(Soilmann,  IQ17;  literature). 

Toleration. — As  with  muscarin,  histamin  produces  its  effects  only  when  a  given  con- 
centration is  applied  suddenly;  if  it  is  added  very  slowly  (/.».,  to  tlie  excised  uterus),  it 
is  inactive.  Again,  a  given  concentration  soon  loses  its  effect,  but  raising  the  codccd- 
tration  again  induces  contractions.  Similarly,  rapid  intravenous  injections  are  ffluch 
more  toxic  than  slow  injections  (Oehme,  1913). 

TYRAMIN 

(Paia-hydroxyphenyl-ethylamjn;  Ergotaxnin;  Uteramin) 

This  is  concerned  in  the  vasoconstriction  but  probably  not  much  in  the 
other  effects  of  ergot.  In  stimulates  the  sympathetic  system  (Quagliaridlo, 
1914)  very  similarly  to  epinephrin,  except  that  its  effects  are  more  pro- 
longed (Dale  and  Dixon,  1909), 

Chemistry. — Its  relation  to  tyrosin  and  epinephrin  are  shown  by  the  fonnulu: 

OH  OH  OH 

0         0°" 

CH,.CH.NH,  CH,.CH,.NH,  CH(OH).CH,.NH.CHi 

COOH 

—  Tyrosin  -  Tyramin  —  Epinephrin 

It  occurs  commonly  in  the  products  of  putrefaction,  autolysis,  and  fermentatioit;  and 
must  therefore  be  present  in  the  alimentary  tract.  It  was  isolated  from  ergot  (wludi 
contains  o.oi  to  o.i  per  cent.)  and  was  prepared  synthetically  from  hordenin  (its 
dimethyl  derivative)  by  Barger,  1909.  Further  syntheses  were  made  by  Baiger  and 
Wampole,  19 10.  It  occurs  also  in  the  common  American  and  European  mistletoe* 
(Phoradendron  fiavescens  and  Viscum  album).  It  has  not  been  demonstrated  is 
other  species  of  Phoradendron  (Crawford,  1914;  Ostenberg,  1915).  It  constitutes  th^ 
*' salivary"  poison  of  certain  cephalopods  (Henge,  1913).  In  the  body  a  part  is aMf 
verted  into  para-hydroxy-phenylacetic  acid.  This  change  is  also  effected  by  mT' 
viving  liver  and  uterus.  It  is  completely  destroyed  by  the  isolated  heart  (Ewins  >ad 
Laidlaw,  1910). 

Circulation.— Intravenous  injection  of  tyramin  produces  considerable  rise  in  blood 
pressure,  lasting  2  or  3  minutes.    The  heart  is  slowed  reflexly. 

The  rise  appears  to  be  purely  vascular,  judging  by  the  diminished  volume  of  the 
kidneys  and  intestines,  and  by  the  decreased  vein  flow  (Bickel  and  Pawlow,  191a). 

The  constrictor  action  is  generally  considered  peripheral,  since  it  occurs  also  »** 
excised  arteries,  even  on  the  coronaries      (Barbour,  1913). 

However,  Baehr  and  Pick,  1916,  claim  that  the  pressure  rise  of  tyramin  and  rdate^ 
bases  docs  not  occur  after  nicotin.  If  this  is  confirmed,  it  indicates  that  the  mai'* 
vasomotor  stimulation  is  more  central  than  the  arterial  muscle;  presumably  in  tb^ 
ganglia. 

Tyramin  does  not  blue  the  comb  of  the  rooster  acutely  (Crawford,  1913);  norpw^ 
duce  gangrene  on  repeated  injection  (Bickel  and  Pawlow).  Harvev,  X911,  asserts  thiff 
long-continued  administration  to  rabbits  produces  arterial  sclero^  and  diraiiP 
nephritis. 

Cerebro  spinal  Pressure. — This  varies  with  the  circulatory  changes  (Dixon  aiA 
Halliburton,  1913,  1914). 
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U  Efed  on  Human  Ctrrw/d/ww.— Hewlett.  igiS,  observed  the  response  of  60  to 
"ejected  h>'podermicalIy  into  tht  loose  tissue  below  the  clavicle.     (The  local 
ctioa  may  prevent  absorption  in  other  situations.) 

sa^e  usually  results  in  sIo\ving  of  the  pulse  and  in  marked  rise  of  the 
ad  pressure  and  much  i^maller  rise  of  the  disa^^tolic  pressure.  The  pulse- 
d  volume-puLsc  are  therefore  markedly  increased.  The  T  wave  of  the 
o^am  is  also  increased.  These  changes  point  to  increased  output  of  the 
■y  start  within  a  few  minutes,  and  last  for  a&out  half  an  hour, 
rable  and  prolonged  rise  of  blood  pressure  was  also  described  by  A.  Clark, 
Iloi-t,  igi2,  after  jo  to  40  rag.  niTxtdermioUly.  Oral  administration  is 
ineffective  (Sharp,   igii). 

Coilapsr. — Injections  of  5  to  20  mg.  [  ^2  to  *3  S^-)  have  been  tried  without 
Even  with  60  mg..  Hewlett,  iqiS,  obtained  only  a  transient  response 
te  diseases.  After  operations,  there  was  generally  permanent  improvement; 
bScult  to  exclude  spontaneous  recovery. 

fttiU-  EffuUncy. — -Tyramin  is  fairly  efiective  in  arresting  super6cial  capillary 
jp.  both  by  local  and  systemic  application;  but  its  efficiency  is  far  below  epine- 
piMk,  igi8). 

Hi  Uterus. — TjTamii  tends  to  increase  the  uterine  contractions,  but  the 
ther  t.light  and  somewhat  uncertain  (Dale  and  Dixon,  190Q:  Guggenheim, 
n  uterus,  Lieb,  1Q14,  iyi5). 

Use  of  I'ierinc  Action. — T^Tamin  has  l>een  tried  clinically  as  a  substitute 
labor,  post-partum  hemorrhage,  operations  and  various  gynecoiogic  cnndi- 
)rab)e  results  have  been  reported  by  some  (Haimann,  igi:j;  K.  Abel,  IQ14). 
d  it  unreliable  {Guggenheim,  1912;  Sharp,  1911;  Kchrcr). 

used  in  these  earlier  experiments  were  probably  too  low.  With  larger 
plus  16  mg.  of  morphin.  h\'podermicaIly)  Barbour,  1917,  records  distinct 
the  strength  and  rate  of  labor  pains;  without  undesirable  sidc-rffect. 
ntrar>',  the  tvTamin  counteracts  tne  respiratory  depression  of  murphin; 
respiration  is  slightly  quickened  by  the  above  combined  dosage.  The 
morphin  on  other  functions  are  not  antagonized  (Barbour,  Maurer  and 
6;  Barbour  and  Maurer.  iqjo). 

Actions.     Krspiratioti. — The  cfFecls  have  been  studied  by  Bry,  1914. 
f«. — These  are  contracted  by  t>Tamin  (fiachr  and  Pick,  igi^i,  Golla  and 
3),     Accordingly,  l^Turain  does  not  relicA'e  asthmatic  attacks  (Hewlett 
gi8). 

Stomach. — This  is  constricted  (frogs). 
InUslities — These  are  ^.limuluted  in  rabbits;  relaxed  in  dogs;  first  stimulated 
laxed  in  cats  (Manysek,  1914). 

This  is  contracted- 

olttme  in  Man. — The  injection  of  tyramin  is  followed,  in  man,  by  marked 
the  red  and  leucocyte  counts  (J.  J.  G.  Brown,  1920). 

Long-continued  hypodermic  injections  into  guinea  pigs  (3  to  8  mg.  daily 
two  weeks)  produce  severe  anemia  with  the  characteristics  and  course  of 
anemia  (Iwao,  1914). 
r  result  with  hemosiderosis  of  the  spleen,  mesenteric  lymph  glands,  cecum 
w  is  produced  in  rabbits  by  intravenous  injection  of  o.i  Gm.  of  tyramin 
)- 

Secretion. — T>Tamin  sometimes  stimulates  this  in  cats,  but  not  in  other 
ecton  ei  (i/.,  19^0). 

ic  Juif^e, — Secretion  after  pilocarpin  or  secretin  is  inhibited  by  large  doses 
(Kageyama.  1916). 

\ycemia. — Continuous  slow  intravenous  injection  of  0.05  per  cent,  tyramin 
may  raise  the  blood-sugar  to  o.i-o.  17  per  cent.,  and  the  urine  sugar  to 
fRageyama.  1916). 

HORDENIN 

and  Related  Drugs. — This  is  an  alkaloidal  amin  derivative  (p-hydroxy- 

Jrl-dimcthylamin)  obtained   by  Legcr,    1906,   from  germinated  barley.     Its 

Str  studied  especially  by  Camus,    1906.     Small  doses  stimulate  the  vagus. 

les  paralyze  the  vagus  center,  quickening  the  heart  and  raising  tht*  bIr>od 

[The  bronchioles  are  dilated  by  stimulation  of  the  sympathetic  endings,  suffi- 

rerful  to  antagonize  most  constrictor  drugs  (D.  E.  Jackson.   1014).     FataJ 

yze  respiration.     The  substance  is  not  very  toxic.     It  has  been  used  (0.5 

y)  in  heart  disease  and  digestive  derangements  CSarbazes  and  Gucrine,  1909). 

larrhca  in  dogs  (30  to  40  rag.  per  kg.,  hypodermically ;  Charmoy,  19*')' 
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PHENTLBTHYLAMm  * 

This  occurs  in  putrid  meat.  Its  formula,  CcHt-CsHfNHt,  is  related  to  epinephrin. 
Small  doses  stimulate  the  cardiac  muscle,  large  doses  depress.  All  doses  contract  the 
coronary  vessels;  this  is  followed  by  relaxation  with  large  doses  (Barbour  and  Frankd, 

1915)- 

When  phenylethylamin  or  tjrramin  are  fed  to  rats,  or  injected,  they  increase  caU- 
bolism  ana  lower  the  glycogen  content  of  the  liver  (Abclin  and  Jaffe,  1920). 

Barbour,  tgx,6,  has  made  a  comparative  study  of  the  sympathomimetic  and  other 
actions  of  a  series  of  phenylethylanun  derivatives. 

INDOLE'raYLAMIN. 

This  stimulates  plain  muscles,  especially  the  arteries,  iris  and  uterus.  It  also  bis 
stimulant  central  effects  (Laidlaw,  191 1).  Perfusion  through  excised  liver  converts 
it  into  indolacetic  acid.  Dogs  excrete  30  per  cent,  as  indolaceturic  acid  (Ewins  and 
Laidlaw,  1913). 

PARAPHENTLEI7DIAMIN - 

C.H4(NH,)2 

This  is  extensively  used  for  dyeing  brown  and  black  furs.  The  wearing  of  these  ofteo 
causes  dermatitis,  probably  by  the  formation  of  an  irritant  intermediate  oxidttioo 
product,  such  as  chinon-dichlor-diimin  (Olson,  1916). 

Hypodermic  injection  of  75  mg.  per  kilogram  body  weight  produces  chemosis,  con- 
junctival irritation,  increased  ocular  pressure  and  exophthalmos.  The  effects  occur 
when  the  cervical  sympathetic  has  been  divided,  and  are  probably  caused  by  circulatory 
disturbances  (TrocU,  1916). 

The  general  systemic  effects  were  studied  on  frogs  and  rabbits  by  Meissner,  1918- 

EDEMA  BY  AROBiATIC  AMINS 

The  hypodermic  injection  of  phenylendiamin,  metatoluylendiamin,  acetylpheoy^ 
hydrazin  (pyrodin)  and  toluyl-hydrazin  produces  effusions  into  the  serous  cavities. 
These  are  not  due  to  hydremia,  the  blood  being  rather  thickened.  F^bably  the 
permeability  of  the  capillaries  is  increased  (L.  Hess  and  Mueller,  1915). 

Urticaria. — Many  amins  produce  urticaria  when  applied  to  the  scarified  skb;  fof 
instance,  phenylethylamin,  pnenylendiamin,  hydrozylamin,  etc.  (SoUmann,  ipi?). 

ETHYLENDIAMm.    NHrCHiCHfNHi 

This  has  been  investigated  especially  by  Barbour  and  Hjort,  1920,  It  bcon»- 
parativeiy  innocuous,  the  minimum  fatal  dose  for  mice  being  0.75  Gm.  per  K|- 
hypode  r  mically . 

Symptoms. — With  frogs  its  effects  resemble  those  of  the  aUphatic  narcotics. 

With  rabbits,  nearly  fatal  doses  (0.4  Gm.  per  Kg.  by  vein  or  hypodermic)  produce 
temporary  respiratory  stimulation;  lowering  of  the  temperature;  slight  general  6eft^ 
sion  and  transient  diarrhea.  The  blood  pressure  falls  (often  with  1  mg.,  hypodennic- 
ally)  by  a  central  action. 

Smaller  doses  (o.i  mg.  per  Kg.)  produce  only  a  fall  of  temperature.  Daily  inje'* 
tions  decrease  the  susceptibility  to  this  effect. 

Excised  Intestine. — The  drug  depresses  the  tone  and  activity. 

HYDRAZm. 

NH,NHrH,S04 

When  injected  into  dogs,  hydrazin  lowers  tlie  percentage  of  sugar  in  the  blood,  aoo 
the  hepatic  glycogen,  without  any  glycosuria.  The  hepatic  cells  degenerate,  bat 
recover  if  the  injection  was  not  fatal. 

The  hypoglycemia  appears  to  be  due  to  increased  sugar  combustion,  as  indicatejl 
by  the  respiratory  quotient.  Injected  dextrose  is  also  oxidized  more  rapidly.  Hwie  b 
no  specific  influence  on  heat  production  (Underbill  and  Murlin,  1915). 
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PROTEOSES  ("PEPTONE") 


PTOBIAIN  POISONING 

Tbe  cases  of  poisoning  observed  a:i  a  result  of  partaking  of  more  or  less  tainted 
mides  of  food — sausages  (botulismus  and  allantiasis),  meat,  milk,  ice-cream,  cheese, 
oDroed  beef,  etc,  and  with  some  specimens  of  mussels  and  oysters — are  due  to  the 
development  of  ptomain  products.  In  the  former  cases  these  are  developed  by  putre- 
Uction;  in  the  latter,  probably  by  disease. 

Many  of  these  ptomains  have  been  isolated  in  crystalline  form,  and  arc  well-defined 
compounds  belonRinK  to  the  amin  series  (Barger  and  Walpole,  iqoq;  Barger  and  Dale, 
iQOi?;  Dixon,  1Q13:  Hanztik,  IQ16).  Their  pharmacologic  actions  arc  on  the  autonomic 
iyitetu  '  HIankcnhorn.  liarmon  and  Hanzlik.  1916). 

Uremic  Bases. — Toistcr,  1Q15,  reports  that  the  methods  of  isolating  organic  bases, 
tvhen  applied  to  uremic  blood,  yiela  toxic  substances  that  are  not  present  in  normal 
bbxKl 

»  REACTIONS  RESEMBLING  HISTAMIW 

knerai  SiaUmeni. — Phenomena  resemblinK  closely  those  of  histamin 
produced  by  the  injection  of  many  tissue  extracts,  by  peptones, 
secretin,  and  other  products  of  partial  protein  cleavage,  by  blood  serum, 
by  bacterial  products;  by  the  injection  of  many  colloids;  and  in  the  course 
of  anaphylaxis  and  of  traumatic  shock. 

In  some  cases  the  phenomena  agree  closely  with  thoseof  histamin,  and 
may  be  due  to  the  presence  of  this  substance  or  a  near  derivative.  In  most 
ewes,  however,  the  correspondence  of  the  eflecls  is  not  complete  (Loewit, 
1913);   and  in  some  it  is  only  superficial. 

Iffects  of  Aibumoses. — Intravenous  injections  of  "Wittc's  Peptone"  (0.5  Gm.  per 
rami  produce  t\*pical  anaphylact<iid  phenomena  (Biedl  and  Kraus):  temporary 
considerable  fall  of  blood  pressure  (Thompson,  iSq6  and  i8qq)  by  peripheral 
action,  in  doRs  (but  not  in  rabbits,  Pissemsky,  IQ15);  stimulation  of  the  isolated  uterus 
[Uftle  and  l>aidtaw,  1910);  bronchial  constriction,  peripheral  (Bachr  and  Pick,  tqij; 
'w  effect,  Trcndelenburfj);  increased  flow  of  lymph  and  secretions  (PopielskJ,  iQoiR 
»»i  ipog);  of  niiJk  (Oit  and  Scott,  IQ12);  discharge  of  the  gall-bladder  (Klee  and 
Knucpfel,  1014I;  diuresis  independently  of  the  hl('>od  pressure  (Thompson;  Giz<'lt,  190S; 
fruehlich  and  Pick.  19121;  fever  on  hvpodermic  injection,  etc.  In  most  animals  {but 
oot  in  nibbits.i  appropriate  doses  render  the  blood  non*coagulable,  and  produce  hypcr- 
tfyremia  and  glycosuria  (Y.  Henderson  and  Underbill,  1911).  McGuigan  and  Ross, 
19)5  and  1917.  however,  state  that  the  usual  result  is  h>poglycemia,  which  they  attri- 
bute to  circulatory  changes  in  the  liver.  The  secretion  of  bile  is  increased  (U'Kada, 
151;).  Application  of  peptone  to  the  scaritied  skin  pro<luces  a  wheal  (Sollmann  and 
Pikhcr,  1916). 

^intravenous  injection  of  small  doses  of  pure  proteoses  increases  the  urinar>-  nitrogen 
^■greatly  for  several  diiys  (Whipple.  191b). 

^PlbesembUnce  to  Histamin. — Dale  and  Ljudlaw,  iqii  called  attention  to  the  striking 
■Warily  of  the  anaphylactic  and  peptone  effects  to  those  of  histamin;  and  suggested 
t^l  the  active  principle  may  be  similar.  Certain  minor  differences  exist;/.!.,  epineph- 
fin  removes  the  bronchial  spasm  of  peptone  and  not  of  histamin  (Jnnuschke  and  Pollak, 
ifir);  histamin  doe3  not  affect  the  coagulation  of  the  blood  (Modrakcvrski,  1912), 
etc 

Active  Constituents. — "Peptone"  preparations  consist  mainly  of  proteoses,  with 
*oine  peptone  and  other  protein  cleavage  products,  and  among  these,  histamin  (Naga- 
^VijL,  19J0}.  It  is  suggestive  that  histamin  and  similar  umins  are  among  the  products 
^  Ihc  more  complete  digestion  of  peptones.  The  histamin  would  doubtless  con- 
tribute to  the  eflect;  but  tj-pical  peptone  effects  are  profluced  by  preparations  free 
^m  histamin  (Hanke  and  Koesslcr.  igjo)  or  other  foreign  toxic  admixtures  (Underbill, 
The  actions  therefore  seem  to  be  due  to  the  proteose. 
rctUation. — The  merfianism  of  Ihc  fait  of  blood  pressure  is  identical  with  that  of 
lylaiis  (Thompson,   i8g6  and  i89g;  Pcarcc  and  Kiscnbrcy.   igio;  KnMrhlich  and 

'ilh  rvbbils,  the  vessels  of  the  legs  and  cars  are  constricted,  whilst  tbe  splanchnic 

are  dilated   (Kondo.   1919).     The  excised   mammalian  heart  if>  weukened  by 

kUations  of  1:1.000  to   1:10,000;  stimulated   by   i:.2oo  iPisscmskyj.    Excised 
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vcssclx  are  generally  constrictoij  (Dale  and  Laidlaw,  191 1);  the  ear  ves&els  are  constricted 
by  all  concentrations;  those  of  the  perfused  lung  are  somewhat  dilated  TBaefar  and 
Pick,  1913;  also  the  liver-veins  (Berezin,  1914);  the  intestinal,  renal  and  coronary 
vessels  are  unaffected  by  dilute  solutions,  constricted  by  (Strong  solutions  (Pissemsfcy, 
1915;  Mautncr  and  Pick.  1:915)  The  effects  on  blood  pressure  and  respiration  have 
also  been  investigated  by  Zuntz,  191 1. 

Notwitlistandinf;  Uiese  similarities,  there  are  sufficient  differences  to  indicate  that 
anaphylaxis  is  not  due  to  the  formation  of  ordinary  albumoscs  (AlanwarinR,  19x0; 
Locwit,  1911  and  1012)- 

Blood  Coagulation. — The  direct  addition  of  peptnnc  to  blood  does  not  affect  coagu- 
lation;  but   intravenous  injection  generally  renders  the  blond  non-coagulable.     This 
is  due  to  an  antithrombin;  the  blood  containing  all  the  necessary  elements  for  coaj^ula- 
tion,  so  that  it  clots,  e.g.,  on  simple  dilution  with  water.     This  antithrombin  seems  to 
be  a  nucleoprotein  formed  in  the  liver  (Doyon,  Alorel  and  Policard,  igri;  Denny  and 
Minot,  1915;  its  production  is  not  increased  by  bile,  bile  salts,  secretin  or  electilB 
slimulatiun).      R.  J.  Lee  and  Vincent,  191S.  attribute    the  non-coagubbility  of   tS^t 
anaphylactic  blood  mainly  to  an  anomalous  behavior  of  the  hlooHpIatelets,  ^" 

£j?fd  on  Hemorrhage. — Bleeding  fmm  superfidal  vessels  h  rather  increased  by  tin- 
local  apnlicalion  of  peptone.  Intravenous  injection  may  diminish  hemorrhage.  paraJld 
to  the  fall  of  blooo  pressure  (HanzHlc,  iqiS).  Peptone  does  not  agglutinate  red  cor- 
puscles in  Intro  (Rarsner  and  lianzlik,  1920). 

Injections  of  Witte's  peptone  have  been  proposed  for  the  treatment  of  hemophllir 
but  have  caused  fatal  hemorrhage  (Leceboullet  and  Vaucher,  1914). 

Toxemia. — Whipple,  1916,  attributes  to  a  primary  proteose  the  toxic  effects  of 
intestinal  obstruction,  peritonitis,  and  acute  pancreatitis. 

Lesions. — Broughton,  1919.  after  intraperitoneal  injections  of  Witte's  peptone  into 
guinea  pigs,  describes  inflammatory  lesions  in  the  liver,  heart  and  kidneys,  similar  U» 
those  produced  by  other  foreign  proteins. 

Febrile  Reaction  and  Leucocytes.^The  intraveoou.s  injection  of  \'accines  or 
foreign  proteins  is  folloued  by  a  chill,  fever,  muscular  and  joint  pains,  sweating,  iD<i 
a  characteristic  leucopenia  (about  the  2nd  hour),  followed  by  leucocytosis  f4th  hour  to 
leveral  days),  sometimes  of  ver>'  marked  degree  (De  .\ric,  101.1;  Gow.  1919). 

The  Uttcocytosii  is  probably  ass<)ciated  with  tbe  pyrogenic  reaction,  but  is  notpn*- 
portional  to  it.  It  is  chiefly  polymnrphonurlear;  but  there  are  also  atypical  lymph 
cells,  nucleated  reds,  and  myelocytes.  In  distinction  from  anaphyla.Kis,  there  i*  ^ 
eosinopbilia. 

Cowic  and  Calhous,  1919  (Arch.  Int.  Med..  23:69!  believe  that  the /fiwr^Mfiitf  >* 
due  to  the  emigration  of  the  leucocytes  from  the  blood  into  the  tissue;  and  that  it* 
lcucoc>*tosis  is  due  to  increased  production  of  these  cells. 

Peptone  Injections  against  Infective  Fevers. — Intravenous  injection  of 
peptone,  in  proper  dosage,  lends  to  bring  on  a  prompt  crisis  in  various 
infective  fevers,  and  may  thus  shorten  their  natural  duration.  The  same 
result  is  secured  by  the  intravenous  injection  of  other  agents  that  produce 
similar  reactions— non-specific  bacterial  vaccines  (for  instance,  tx-phoid) 
or  filtered  cultures;  colloidal  metals,  etc.  This  treatment  has  been  em- 
ployed most  extensively  in  acute  rheumatic  fever.  The  clinical  relief  i^ 
generally  prompt  and  considerable.  Occasionally,  however,  the  reaction 
is  dangerous.     The  method  is  not  sufficiently  safe  for  general  use. 

Reaction  for  Therapeutic  Dosage. — By  proper  dosage  and  slow  injection,  it  should  b< 
aimed  to  produce  only  a  slight  degree  of  reaction:  sli^ht  transitory  tachycardia;  so 
deep   breathing  or  dyspnea;   tranaitnrj'   headache.     These   symptoms  pass  off  iti 
minutes;  but  are  followed  after  ^-2  hours  by  more  or  less  prolonged  ngor;  and  tkcO* 
by  defervescence  with  profuse  sweating.     The  fall  of  temperature  lasts  till  next  (Uy* 
and  is  accompanied  by  subjective  and  objective  amelioration.  , 

The  injections  are  repeated  on  alternate  days,  until  the  cure  is  completed.     Hoi 
1910,  has  used  this  therapy  in  tj-phoid.  septicemias,  rheumatic  fever,  and  »tther  arthrit 

Further  details  are  given  under  Typhoid  Vaccine. 

SPUT  PROTEDf  POISON 

V.  C.  Vaughan.  1907,  iqij.  iqi6.  found  that  the  alkaline  cleavage  of  proteins  rtsult^ 
in  to.xic  products  that  appear  to  be  identical  for  all  proteins,  at  least  «o  far  as  the  eflf 
arc  concerned  (Edmunds,  1913;  Vaugban,  1916}.     These  agree  very  clo&cly  with 
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albumoses.  although  they  differ  in  detail.  Rabbits,  r.<.»  are  refractory  to  proteoses, 
but  sensitive  to  the  split  proteins  (Underhill  and  Hendrix^  tgis).  Tbe  chemic&l 
identity  of  these  poisons  has  not  been  established. 

Proiaiuins.  histonrs  and  some  other  cleavage  products  also  produce  peptone-tike 
effects  niiompson.  iqoo). 

PamreatU  Extracts. — Their  h>^x><iermic  injection  is  toxic.  Tiic  effects  and  lesions 
are  described  by  Wago,  1919. 

HIRUDIK 

Tbe  cervical  glands  of  the  common  leech  (Hirudo)  secrete  a  substance  (hirudin, 
beaiophiUn)  which  delays  or  hinders  the  coa^lation  of  blood  inside  and  outside 
of  the  body.  This  substance  is  not  destroyed  by  boiling  or  by  alcohol.  It  appears  to 
be  a  deutcroalbumosc. 

Therapeutic  Use. — Leeches  were  at  one  time  uwrd  extensively  for  the  abstraction  of 
blood  in  local  inflammations.  Dry  or  wet  cupping  is  now  usually  substituted,  but  they 
uv  still  employed  occasionally;  two  to  four  of  trie  animals  are  applied.  The  skin  should 
be  veil  cleansed,  and,  if  necessary,  a  little  milk  should  be  rubbed  on  to  tempt  the  animals 
to  bite.  They  should  not  be  removed,  but  allowed  to  fall  off.  They  cannot,  of  course, 
beused  again.  Each  leech  draws  from  5  to  7  c.c.  of  blood.  The  quantity  may  be  some- 
wb»t  increased  by  appl.ving  hot  fomentations  after  removing  the  animals,  ft  is  some- 
tifflcs  difficult  to  stop  the  bleeding. 

For  experimenLoI  use,  an  extract  may  be  prepared,  when  needed,  by  crushing  the 
leecb-heads  with  sand,  macerating  with  saline  for  two  hours,  andcentrifugalizin^;.  Each 
kilogram  of  animal  requires  the  heads  of  tiirce  leeches,  e.xtracted  with  3  c.c.  of  normal 
idine.    The  solution  loses  activity  on  standing,  more  slowly  in  the  cold. 

Immunization — Daily  intravenous  injection  of  hirudin  into  mice  creates  an 
anii-coagulant  substance,  effective  in  nvo  and  in  viiro,  destroyed  at  ^s°C.  It  also 
iiuctirates  fluorids,  but  not  the  calcium-preripitanls.  The  mechanism  of  its  action 
bunot  yrl  been  explained  (Vera  and  LeoLoeb,  iqi4)- 

VesseJs. — Hirudin  dilates  these,  in  frogs,  and  renders  them  less  5cnsiti\'e  to  epi- 
uplurin  (Kahn,  igr?;  Trendelenburg,  1Q15). 

Toxic  Ejects. —  Fresh  preparations  may  be  injected  intravenously  in  sufljcient 
SU&ntity  to  render  the  bloiMJ  non-coagulable,  without  damage  to  the  animal.  Some 
'ommcrcial  samples  of  hirudin,  however,  are  highly  toxic,  especially  to  dogs,  probably 
ibrough  the  presence  of  putrefactive  bases.  The  symptoms  from  30  to  3$  mg.  per  kilo- 
pim  in  dogs  consisted  in  severe  bloody  diarrhea  and  continued  %'omiting,  with  hemor- 
flagic  les'ons  of  the  viscera  (Marshall,  1915). 

Engelmann.  iqii.  injected  0.3  Gm.,  into  a  number  of  eclamptic  patients  intra- 
vtDously  without  to.vic  svmptoms.  Small  quantities  were  also  used  in  the  transfusion 
oetbod  of  Sattcrlcc  and  Hooker,  191^. 

TISSUE  EXTRACTS  WITH  HISTAMIW-LIKE  ACTIONS 

Extracts  of  practically  all  tissues,  but  especially  of  glands  and  smooth  muscle, 
produce  histamin  or  peptone-like  effects:  stimulation  of  smooth  muscle  and  glands,  and 
till  or  rise  of  blood  pressure  Intravenous  injection  or  direct  contact  are  uf^ually 
ftquired  to  produce  a  response. 

Tbe  pressor  principles  predominate  in  saline  extracts  made  at  ordinary  temperature, 
but  are  often  destroyed  by  boilirg  The  depressor  substances  are  soluble  in  saline 
niutions  and  in  alcohol  or  ether.  They  are  not  identical  with  choUn  (SwaJe,  Vincent 
lad  Sheen.  190,3;  Fawcctt,  Bcebe,  et  at.,  1915  Vincent,  1918)  and  are  probably  more 
oarly  allied  to  the  "peptone"  and  similar  effects.  Inorganic  constituents  may  also 
pUy  a  part:  expressed  heart-juice,/./.,  depresses  cardiac  activity,  simply  by  its  potas- 
aiim  content  (Macleod,  1Q07). 

PopicUki,  191,?,  named  these  principles  "  vasodilatin."  This  implies  a  chemical 
idcQtitv  that  has  not  been  established. 


SECRETIN 


Pavlow  showed  that  the  presence  of  acid  chyme  in  tbe  duodenum  ia  the  normal 
•timuluf  to  the  secretion  of  pancreatic  juice.  It  was  later  show  n  that  this  is  not  due  to 
«  nervous  reflex,  but  to  the  production  of  a  peculiar  substance  "secretin, "which  may  be 
prepared  artificially  by  macerating  the  duodenal  or  jejunal  mucosa  with  dilute  acids, 
foaps.  etc.  (Bayliss  and  Starling,  1902};  or  by  contact  of  these  or  of  irritants  with  the 
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living  mucosa.  Secretin  does  not  exist  as  such  in  the  mucosa,  but  is  formed  from  an  ti 
soluble  *■  prosecretin."  Secretin  is  identified  by  causing  a  marked  flow  of  normal  pan- 
creatic juice,  when  the  neutralized  and  boiled  filtrate  is  injected  intravenously.  (-A.n 
extensive  review  of  secretin  is  given  by  Carlson,  Lebensohn  and  Pearlman,  iqi6  ) 

Nature  aad  Properties. — Secretin  is  soluble  In  water  uiid  dilute  alcohol  (70  per  cent  .  ) 
insoluble  in  absolute  alcohol,  ether,  etc.  It  is  fairjy  readily  destroyed  by  acids,  alkali«i 
or  oxidation;  and  by  the  digestive  ferments  (Carlson  et  a/.,  1016).  It  has  not  bci^a 
isolated  pure;  none  of  the  known  constituents  of  the  extracts  produce  the  cbaracteris  ^Ji 
effect.     Barger  believes  that  it  is  probably  an  organic  base. 

Actions. — Intravenous  injection  of  secretin  stimulates  the  flow  of  pancreatic  jui.  < 
bile  (Downs  and  Kddy,  igig)  and  succus  entericus,  but  not  of  the  otlier  digestive  sec  ^ 
tions;  nor  do  extracts  of  other  portions  than  the  small  intestines  produce  the  secrctc^i 
effect.  The  secretion  is  accompanied  by,  but  not  caused  by,  X'asodilation.  t  I 
imncreas  is  not  readily  fatigued,  the  flow  being  undiminished  after  eij^ht  hours  of  c^-  '  11 
linuous  injection.  Sumlarly,  repeated  injections  of  equal  doses  give  an  idcnti  ^B 
response.     The  flow  is  not  affected  by  anesthesia.  

Clinical  Inefficiency. — Aloore,  Edic  and  .Abram,  iqo6,  suggested  the  administrat  -^i 
of  sccrt-tin  against  diabetes.  Subsequent  workers  have  shown  that  it  has  no  el?"-^ 
(BainbridKe  and  Heddard.  1006;  O.  Loeb  and  Stadler,  igi4).  It  was  also  tried  agai  » 
digestive  disorders,  with  equally  inconclusive  results.  This  agrees  with  the  scient:  mfi 
data:  In  the  first  phce,  it  has  not  been  shown  that  prosecretin  is  deficient  in  any  clin^<s 
condition;  secondly,  the  oral  administration,  even  of  enormous  doses,  is  quite  incffectm  ^t 
since  secretin  is  rapidly  destKiyed  by  the  digestive  juices  (Carlson).  Even  the  hypoc3t«r 
mic  administration  is  inactive  (Matuso.  igij;  Hallion,  1912).  Finally,  the  commer^TTai 
preparations  do  not  contain  secretin,  presumably  because  it  is  too  unstable  (Carlsc^  »i). 

GASTRIN  M 

Extracts  of  the  gastric  mucosa  also  contain  a  substance  that  stimulates  gastric  &iNf 
other  secretion.  The  chemical  bcha\nor  of  purified  extracts  resembles  hisiannin. 
altliough  there  are  differences  that  indicate  that  they  contain  some  other  basic  imidaz)'' 
derivative  (Kecton  et  tU,,  1920;  F.  C  Wood  ei  ai.,  igao). 

SPLEEN  EXTRACT 

Hormonal. — Zuelzer,  igo8^  believed  that  various  organs,  removed  at  thft  height 
digestion,  contain  a  hormone,  which  stimulates  peristalsis.  The  commercial  "  Hornit>- 
nal-Zuelzcr"  is  extracted  with  dilute  hydrochloric  acid  from  the  spleen,  removed  durir 
digestion.  It  is  injected  intravenously  and  intramuscularly,  in  intestinal  paresis  ao( 
post  operative  ileus.  Us  injection  has  often  caused  serious  and  even  fatal  colUp^ 
(Rosenkranz,  igi2;  Seifcrt,  Ncbcnwirkung.,  igi5»  p.  i.?8).  Alohr,  igii;  Sabatow&ki 
iQij,  and  others,  believe  that  the  active  principle  is  albumosc  or  a  similar  anapby 
lactoid  substance,  which  would  explain  the  fall  of  blood  pressure,  and  by  this  tic 
peristaltic  effect.     Zuelzer,  igia,  attributes  the  accidents  to  contamination,  and  no* 

fircparea  what  he  believes  to  be  a  purer  product,  by  removing  the  proteins  through  boiling 
ead  acetate.  However,  fatal  accidents  are  still  reported,  whilst  the  thenipeuiic 
results  are  very  inconstant  (Burianck,  igj.t)  It  seems  an  uncertain  and  dangciou* 
remedy  (Hesse,  191.?). 

An  experimental  investigation  of  Hormonal  is  published  by  Schlaginwcit,  1015 
Wetland,  igi2,  states  that  extracts  of  the  intestinal  mucosa  or  muscularis  stimulalt  l^* 
Intestine,  excised  or  intrax-enously.  much  more  than  other  organ  extracts;  that  the  ffic<* 
is  located  in  Auerbach's  plexus  and  is  antagonized  by  weak  atrupin;  and  he  believes  tluj 
this  hypothetic  substance  is  the  cause  of  the  automatic  movements  of  Ihc  cxosw 
intestine. 

L.  Stern  and  Rothlin,  1920,  obtained  a  spleen  preparation  producing  direct  stirauls' 
tion  of  the  smooth  muscle,  similar  to  histamin. 


LUNG  EXTRACT 

Saline  extract  of  beef  lung  is  a  very  active  thromboplastic  agent  (Fiachl.  191*; 
Mills,  iqiq).  Intravenous  injection  produce.*^  dangerous  symptoms  resembb'ng  Kis- 
tamin:  splanchnic  vasodilation  (Goto,  igi(3);  d\'snnca;  often  convulsions.  P.  M^iv. 
1920,  attributes  the  effects  tn  intra\'ascular  cougulation,  prfwluced  by  a  nu*^''^'-'"^-  '■'"■ 
probably  a  phospholipin.  Kakinuma,  iqiq,  claims  thai  the  toxicity  i 
by  the  addition  of  glucose.     lianzlik.  [918,  found  lung  extract  unreliable  asa 

Choroid  Extract — This  produce*  a  specific  increase  in  the  flow  of  ceirbro  spm^ 
ffuid  (Dixon  and  Halliburton,  1914). 


TISSUE    EXTRACTS 


HEMOSTATIC  TISSUE  EXTRACTS;  KEPHALIN 
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Extracts  of  various  tissues  hasten  the  coagulation  of  shed  blood.  The 
same  effect  is  produced  by  the  lipoid  kephalin,  and  this  may  be  the  main 
active  ingredient  of  the  tissue  extracts  (Howell,  191 2);  but  this  is  not 
established. 

Kephalin  and  tissue  extracts  ("thromboplastins,"  especially  from  ihe 
brain  and  lungs)  have  been  tried  as  hemostatics  and  in  hemophilia,  pur- 
pura, etc.  With  normal  individuals  they  are  ineffective  (Hanzlik,  1910). 
since  wounds  furnish  plenty  of  thromboplastic  substance.  Their  effici- 
ency in  hemorrhagic  diseases  is  under  judgment. 

ToxU  Piunomena. — The  injection  into  guinea  pigs  of  hemostatic  tissue,  extracts  and 
senim  produces  phvnomeaa  resembting  anaphylactic  shock.  Kephalin  does  not  evoke 
tbisrcacdoo  (Hanzlik  ct  lU.,  igigj. 

Kephalin. — This  is  closely  related  to  lecithin,  differing  only  by  n  methyl  group 
(toch  and  Woods,  1005).  It  is  probably  widely  distributL-d  in  Ihe  Iwdy,  but  is  espe- 
dilly  abundant  in  the  brain.     lecithin  does  not  hasten  coagulation, 

J/cc/wttijfw  i}/  Coagttlant  Action. — Howell  attributes  this  in  the  neutralization  of  a 
sabstance  (^anti thrombin)  which  is  assumed  to  exist  in  freshly  shed  blood,  and  to  inhibit 
the  activation  of  prothrombin  by  calcium. 

Bemagihiii nation. — Brain  extract  agglutinates  red  corpuscles  in  vitro;  kephalin  does 
not  (Krasner  and  HanzHk.  1920). 

Testing  of  Coagulant  Action. — The  current  methods  and  the  results  with  various 
prwlucts  are  descrit>ed  by  Hanzlik  ct  al.,  rgig. 

Brain  Extract. — The  preparation  is  described  by  Hess,  1915;  and  Hirschfelder, 
1916. 


y  NORMAL  SERUM 

This  contains  substances  stimulating  smooth  muscle,  which  are  formed 
during  clotting. 

Blood-serum  also  contains  the  elements  required  in  the  clotting  of 
bkKxl.  Its  injection  sometimes  apf>ears  to  be  effective  in  controlling 
persistent  bleeding,  for  instance,  in  hemophilia,  severe  anemias,  purpura, 
etc  (Bienwald,  1897;  Weil,  1907).  The  results,  however,  are  inconstant. 
There  are  ihe  same  after-effects  and  dangers  as  with  antitoxic  sera;  and 
these  dangers  must  be  taken  more  seriously,  since  the  benefits  are  more 
problematical. 

Smooth  Xfuicle. — This  is  stimulated  (Schultz,  xgii),  similar  to  peptone  or  histamin, 
but  there  arc  specific  differences  (Dale,  1013). 

A  «ptciiic  constrictor  subuancc  is  formed  in  shed  blood,  probably  by  changes  in  the 
ionned  elements  rather  than  by  clotlin>j  (G.  N.  Stewart  and  Zucker,  ipi,^-  Janeway, 
Richardson  and  Park,  igiS,  find  that  the  vasoconstrictor  principle  is  derived  from  the 
bredung  up  o(  the  blood-platdets.  It  is  not  a  protein^  but  a  water-soluble  crj-stalloid. 
Thii  liberation  is  favored  by  heat  or  standing  of  the  blood  (Baraden,  1916).  The 
tiso constriction  may  play  u  part  in  hemostasis. 

The  principle  which  stimulates  the  inteMine  and  ulf^nts  preexists. 

With  pfrfused  hearts  (rabbits).  Cu-^hny  and  Gunn,  igij,  find  that  the  addition  of 
*rum  produces  u  preliminafv  stimulation,  with  stronRer  and  usually  [aster  contrac- 
tioia;  and  subse^jucnt  depression  with  weakened  and  slowed  contractions,  sometimes 
l»eiit  block,  and  eventually  arrest.  The  coronary  vesi^els  are  constricted.  Simi- 
lar effects  are  produced  by  the  plasma  of  the  operated  animal,  by  starch  solution,  etc. 
Tljeaathors  attribute  them  to  an  alteration  in  the  heart  produced  by  excision,  and  not 
to  the  formation  of  any  poison. 

The  coronary  vasoconstriction  has  been  confirmed  by  Yanagawa,  1916.  Of  acon- 
wlerablc  series  of  colloids  tried,  this  effect  was  produced  only  by  scrum  and  by  egg- 
»!ute.    It  resides  in  the  proteins. 

Maawaring,  Meinhard  an<l  Denhart,  igi6,  find  that  the  addition  of  7  to  10  per  cent, 
rfgoat  serum  in  perfusion  nf  rabbit's  heart  produces  tachycardia,  followed  by  depres- 
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sion  and  irregularity.    The  tachycardia  is  due  exclusively  to  diffusible  substances  ixx 
the  serum;  the  depression  to  non-diffusible. 

The  fatal  effects  of  intravenous  injections  of  foreign  blood  serums  are  often  connecter^ 
with  hemolysis  and  thrombosis  (L.  Loeb,  Strickler  and  Tuttle,  igio).  Organ  extrac«C3 
intravenously  also  often  produce  thrombosis  (L.  Loeb,  1Q13). 

Anapkylactoid  Disturbances. — Intravenous  injection  of  sera  into  guinea  pigs  inducr  ^es 
acute  circulatory  or  respiratory  distress  or  collapse.  Rabbit's  serum  affects  mainly  *'^  ■" 
circulation;  human  serum,  the  respiration;  and  dog's  serum,  both  (Hanzlik  and  Karsn^^— t, 
1920). 

Hemagglutination. — The  red  corpuscles  of  man,  cats  and  guinea  pigs  are  agglutinat-^av^d 
by  beef  serum,  but  not  by  other  sera  (Karsner  and  Hanzlik,  1920). 

Administralion  as  Hemostatic. — Normal  horse  serum  is  injected  hyp*^— o- 
dermically,  10  to  20  c.c;  the  results  are  said  to  appear  in  twelve  to  twent       y- 

four  hours  and  last  one  to  three  months  (Richardson,  1908).    The  i n- 

travenous  injection  of  human  serum  or  still,  better,  of  human  blood,  is  oft^*«en 
more  effective.  In  hemophilia,  it  increases  the  prothrombin  (Add  Js, 
1916).    Trember,  1910,  attributes  the  effects  to  leucocytosis. 

ANAPHYLACTIC  SHOCK 

Parenteral  injection  of  native  proteins  sensitizes  animals  specifically, 
after  an  incubation  period,  so  that  they  react  violently  to  a  further  inj^^-c- 
tion  of  the  same  protein. 

The  phenomena  of  this  "anaphylactic  shock"  resemble  closely  thc:>se 
produced  by  histamin  or  peptone  injection;  i.e.,  acute  fall  of  blood  pr^ss- 
sure,  presumably  by  relaxation  of  the  capillaries;  and  stimulation  of 
smooth  muscle,  manifested  especially  by  bronchial  constriction,  whi<:h 
leads  to  acute  pulmonary  emphysema  and  asphyxia;  and  local  urticarial 
reactions.  The  relative  predominance  of  the  individual  effects  in  different 
species  may  complicate  the^  picture.  The  immediate  response  to  the 
provocative  injection  indicates  analogy  with  ordinary  poisons. 

Historical. — Anaphylactic  phenomena  were  described  by  Magendie  as  early  »f 
1839,  and  rediscovered  by  Behring,  1892;  Richet  (who  coined  the  name);  Thcol>a.l<^ 
Smith,  1903;  and  Pirquet,  1905  ("allergy").  Their  modern  investigation  dates  from 
Otto,  1905;  and  Rosenau  and  Anderson,  1906.  Anderson  and  Rosenau,  1908,  give  a^ 
extensive  summary  of  the  earlier  literature.  More  recent  compilations  are  those  0/ 
Hektoen,  191 2;  Dixon,  1913;  and  Zinsser,  1915. 

Production  of  Anaphylaxis. — This  results  from  the  parenteral  introduction  of  a*' 
"antigens";  i.e.,  all  true  proteins;  but  not  from  their  cleavage  products,  proteos^ 
leucin,  etc.  (Gay,  1913);  nor  from  gelatin;  nor  from  lipoids,  etc.  (The  native  so-caH^o 
"proteoses"  of  seeds  are  antigens  and  therefore  not  true  proteoses;  Wells  and  Osborne^ 

1915.)  , 

Artificial  polypeptids  (to  heptaglycylglycin)  do  not  produce  anaphylaxis  (Abder- 

haiden  and  Weil,  1920). 

It  is  necessary  to  distinguish  between  the  first  or  "sensitizirtg"  and  the  later  ot 
"provocative"  injections.  Sensitization  occurs  with  very  small  doses  (as  little  »s 
0.000,000,05  mg.  of  egg-white)  intravenously  or  hypodermically,  and  exceptionail/ 
even  by  stomach  or  large  intestine;  or  through  the  nose  (Sewall,  1914).  A  miniinuni 
interval  of  six  to  ten  days  elapses  before  the  sensitiveness  is  acquired;  but  then  it  pt^ 
sists  for  a  long  time,  weeks  or  years.  Repeated  injections  during  the  incubation  period 
may  produce  immunity. 

Tne  maximum  degree  of  sensitization  is  practically  independent  of  the  dose  of  the 
sensitizing  injection;  but  curiously,  the  maximum  is  reached  more  rapidly  with  snuU 
than  with  large  injections;  for  instance,  for  guinea  pigs  with  0.004  cc.  than  with ai 
c.c.  of  horse  serum  (0.  Thomsen,  1917).  Injection  of  the  serum  of  sensitized  animals 
confers  passive  sensitization  on  the  recipient  (Otto) ;  immediately,  with  proper  dosage 
(Doerr  and  Russ). 

There  is  the  same  specificity  as  with  other  antigens.  Specific  sensitization  may  thus 
be  secured  simultaneously  to  several  proteins.     Wells  and  Osborne,  191 1  and  19131  havt 
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studied  particularly  the  specificity  for  pure  proteins.  They  believe  that  the  ^cificity 
i«  due  to  certain  constituent  groups  within  the  protein  molecule;  but  that  the  whole 
molecule  is  involved  in  the  reaction. 

Cbcmically  similar  proteins  from  the  seccls  of  different  genera  react  anaphylactically 
uritb  other,  while  chemically  dissimilar  proteins  from  the  same  seed  often  fail  to  do  so 
(H.  G.  WelU.  and  Osborne.  191b). 

The  provocative  injection  must  be  considerably  larger  than  the  sensitizing  injection. 
It  is  much  more  effective  by  vein.  The  response  is  immediate.  If  an  animal  recovers 
(roin  the  toxic  effects,  it  becomes  immediately  refractory  or  immune  to  further  injection, 
brcause  the  anaphylactic  antibodies  are  ^lurated  or  exhausted  (Weil  and  Coai,  1913). 
Ihii  amlianaphyioxh  fanerjLiyj  persists  for  a  time,  but  is  eventually  lost. 

Sfinptoxnfi  of  Anaphylactic  Reaction. — These  are  mainly  as  follows:  Great  restless- 
ness;  severe  fail  of  blood  pressure  and  consequent  shock;  fall  of  temperature  CPfeiffer 
wd  Jlita,  iqio),  etc.;  rijfidity  of  the  lun^s  by  violent  contraction  of  the  bronchial 
Qiusdes,  resulting  in  respiratory  distress  and  asphyxial  convulsions;  stimulation  of 
other  smooth  muscle  (uterus,  stomach  and  intestines);  fiiminished  coagulability  of  the 
Wood  iWcil.  IQ17:  Bulger,  1918);  increased  concentration  of  the  blood,  appearance 
of  nucleated  reds,  and  changes  in  the  leucocyte  ratio  (RichetWo/.,  iQigt;  leucopenia; 
eosnophilia;  loss  of  complement;  increased  lymph  flow  (Calvary,  1911);  local  inflamma* 
tory  reaction. 

Repeated  anaphylactic  shock  results  in  cell  destruction  in  several  organs,  with  sub- 
lequcnt  chronic  inflammatory  changes.  In  the  liver,  the  results  resemble  portal 
drrbosis  (Longcope,  ioi.i). 

Analogous  but  less  severe  porrnrhymatous  degencraiions  of  the  myocardium,  liver 
«Jd  kidneys  may  occur  in  rabbits  after  a  sinf^le  injtrlion  of  a  large  dose  of  horse  scrum 
**'' cS8-&lhumen.  They  develop  in  ten  to  twenty-one  days,  about  tiie  time  when  the 
utibodies  arc  produced  (Longcope,  [915). 

Susceptibility. — Guinea  pi^s  arc  especially  susreptihle,  and  in  them  the 
lung  rigidity  is  most  prominent,  arresUng  respiration  and  producing 
asphyxial  death  in  a  few  mimiles  (.Aucr  and  Lewis,  icjog). 

In  dogs  and  rabbits  this  phenomenon  is  much  less  marked,  the  severe 
and  prolonged  fall  of  blood  pressure  being  ihc  most  prominent  feature. 
However,  death  may  occur  by  bronchial  constriction  (Pelz  and  Jackson. 
1918).     Cats  are  intermediate  (Edmunds,  igi4). 

Man  seems  to  be  relatively  insusceptible.  The  rare  acute  accidents 
in  the  injection  of  antitoxic  sera,  serum-disease,  and  some  varieties  of 
asthma  and  hay  fever  (Mellzer,  1910)  are  probably  anaphylactic  mani- 
iHtations. 

Lane  Rigidity.— Auer  and  Lewis,  rpog,  showed  that  in  guinea  pigs  dying  acutely 
tt(  irupbyla.vis  the  lungs  are  rigidly  distended  and  incoUapsible  even  after  death,  by 
ItUnic  contraction  of  the  bronchial  muscles.  The  effect  occurs  after  destruction  of  the 
^Qlrai  nervous  system  and  even  after  degeneration  of  thr  x-api,  so  that  it  must  he 
Qerted  directly  on  the  muscle  liber  or  myoneural  junction  (  Ault.  igio).     It  is  abolished 

rtiy  atropin  {.'\uer).  Chloral  is  uncertain  (Rosenau  and  Anderson,  igog).  Sciiultz 
■wi  Jordan,  igii,  showed  that  the  severity  of  the  bronchial  phenomena  in  guinea  pigs 
BCspbined  by  their  relatively  thick  mucosa;  so  that  the  contraction  occludes  absolutely 
*tn  the  larger  bronchi. 
In  dogs,  the  fatal  broncho-constriction  is  not  prevented  by  atropin.  Epinephrin 
ineffective  and  may  save  the  animal  if  it  has  time  to  act  before  the  asphyxia  has  gone 
tooUf  (PcU  and  Jackson,  1918). 
The  Isolated  perfused  lung  of  guinea  pigs  mny  react  to  anaphylaxis  by  bronchial 
■Pttm,  or  sometimes  by  vascular  spasm.  The  condition  may  also  be  simulated  by 
piugingof  the  pulraonarv  vessels  by  thrombi  or  agglutinated  corpuscles  (Mainvvaring 
aiwCrowe,  1917). 

Cxa.  iQXQ.  finds  the  pulmonary  circulation  unobstructed  In  guinea  pigs;  but  with 
nhhit»  dying  acutely  from  anaphylaxis,  the  pulmonary  circulation  is  almost  imper- 
mnblr  to  saline,  even  under  pressure  several  times  greater  than  exists  in  the  pulmonary 
Art*n'  during  life.  The  arrest  of  the  pulmonary  circulation  would  be  the  immediate 
-jiise  of  death. 

Coca  considers  that  the  obstruction  is  due  to  vascular  spasm,  more  probably  than  to 
rhrombosis;  but  tlic  evidence  is  not  conclusive. 
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Blood  Pressure. — lo  guinea  pigs  the  circulatory  changes  are  mainly  asphyx 
(Aucr  and  Lewis,  1910),  In  other  animals,  there  is  a  characteristic  fall  of  blood  pr 
sure,  often  to  20  to  30  mm.  Hg.  The  mechanism  of  this  "anaphylactic  shock 
not  been' conclusively  demonstrated.  Presumably  it  is  the  same  as  with  the  analogo 
histamin  fall,  ir.,  direct  relaxation  of  the  capillaries.  The  blood  accumulates  mainl 
in  the  large  veins,  especially  of  the  liver  and  portal  s>'stem;  so  tliat  the  smaller  vessr 
of  the  kidneys,  intestines,  and  other  parts  of  the  body  are  mechanically  drained  (Pear 
and  Eiscnbrey,  1910  and  1912;  Edmunds,  1913);  indeed,  the  fall  docs  not  occur  if  t 
liver  has  been  excluded  from  the  circulation.  The  liver  therefore  has  a  predomina 
share,  directly  or  indirectly,  in  the  fall,  the  blood  pressure  being  lowered  because 
greater  part  of  the  blood  stagnates  in  the  portal  s>-stem. 

The  \*ii5omotor  center  is  not  directly  involved  in  the  fall;  nor  is  there  any 
evidence  of  a  peripheral  action  on  the  arterioles  or  veins.     These  continue  to  contract  t 
epincphrin  or  Kanum;  they  do  not  contract  to  splanchnic  stimulation,  but  this  coul 
be  explained  simply  by  the  altered  distribution  o!  the  blood. 

The  older  views  as  to  the  mechanism  of  the  fall  are  unsatisfactory.     Biedl  and  Kra 
1009,  assumed  vasomotor  paral>'sis;  Mautner  and  Pick,  iqi$,  suggested  contraction 
the  smaller  portal  vessels,  interfering  with  the  return  of  blood  lo  the  heart.     R.  WeH^ 
1916,  attributed  the  fall  to  portal  obstruction  by  acute  injury  to  the  hepatic  cell 
similar  to  phosphorus  poisoning.     .-Virila,  1014,  attributed  the  fall  in  rabbits  In  increa 
resistance  of  the  pulmonary  vessels;  butEdnmnds.  1014.  found  no  evidence  of  de6cicn 
blood  supply  of  the  left  heart  in  cats;  to  the  contrary,  the  pressure  in  theplumona 
veins  often  rose.     v.  Behring,  19:4,  attributes  the  shock  lo  clumping  of  the  platelcttj 
and  thrombosis  of  the  cerebral  vessels. 

Cardiac  Di a tur bailees. — The  heart  suffers  by  the  low  blood  pressure,  and  is 
affected  directly,  although  this  usually  plays  a  minor  part  in  the  *' shock."  The  chan 
arc  peripheral.  As  shown  by  electrocardiograms,  on  rabbits  and  dogs,  they  consist  ia 
disturbiinccs  of  conduction  and  abnormalities  of  ventricular  contraction,  aflectin; 
especially  the  right  heart.  These  may  progress  to  final  ri^or  (Robinson  and  .-Xuer, 
1913;  Aucr  and  Robinson,  1913).  The  neart-muscle  and  diaphragm  show  bistolc^i 
changes;  also  with  other  anaphylactoid  agents  (Kundratitz,  1913).  The  isolated  be*i 
of  sensitized  animals  is  directly  poisoned  by  the  antigen  (Cesaris-Demel,  1910-191}) 
Acute  heart  failure  is  also  sometimes  seen  in  intact  cats  (Edmunds,  1914). 

Treatment  of  Anaphylactic  Shock. — The  continued  low  blood  pressure  fumisi 
an  opportunity  fur  investigating  the  treatment;  this  is  of  practical  importance  because 
the  phenomena  are  vcr>'  similar  to  those  of  surgical  shock.  The  indications  arc  evi- 
dentJy  to  relieve  the  splanchnic  congestion  and  to  increase  the  volume  of  blood  to  the 
heart  and  medulla.  Pcarce  and  Eisenbrcy,  1910,  found  that  venous  transfusion 
with  blood  or  saline  only  increases  the  splanchnic  congestion  without  aiding  the  heart 
or  medulla.  Arterial  transfusion  is  more  successful;  but  the  best  results  are  obtain 
by  combining  transfusion  into  an  artery  with  bleeding  from  a  vein.  Cardiac  or  vascu 
stimulants  alone  did  not  produce  permanent  improvement;  but  the  comtuoation 
slow  epincphrin  infusion  with  digitoxin  gave  good  results. 

J.  P.  Simonds,  1916,  found  but  little  pressor  response  to  cpinephrin  in  anapbylacti 
or  peptone  shock.  Mautner  and  Pick,  191 5,  obtained  good  results  from  the  \'asodiUto 
action  of  nitrites  or  caffcin. 

I^ocal  HypersensitiTity. — The  anaphylactic  state  appears  to  increase  the  suscepti- 
bility to  non-specific  irritants.  When  xylene  (i  f.c.)  i«i  rubl>cd  on  the  ear  of  normal 
rabbits,  it  is  merely  rubefacient;  but  when  the  animals  have  been  injected  with  sub- 
symptomatic  doses  of  an  antigen  {sensitizing  and  provocative),  xylene  produ 
vesication  and  eschar  (Auer,  IQ20).  Aucr  suggests  that  the  xylene  produces  an  cxu 
dation  that  contains  free  antigen  froni  the  provocative  injection;  and  that  tliis  reacts 
with  the  tissues  sensitized  by  the  first  injection. 


Relation  of  Anaphylaxis  and  Immunity  Reactions.— The  relation 
anaphylaxis  to  other   'Mmmuniiy*'   reactions  indicates  identity  of  the 
underlying  process;  anaphylaxis  being  merely  a  special  manifestation  of 
the  defensive  mechanism  against  foreign  proteins.     It  refers  simply  lo 
those  phenomena  of  the  "immunity  read  ions"  which  happen  to  he  i 
Jurious  to  the  animal.     As  with  the  other  immunity  reactions,  it  involv 
the  reaction  of  the  antigen  with  its  antibody,  under  proper  conditions; 
so  that  the  antigen  is  rendered  amenable  to  the  action  of  the  complement 
(alexin),  leucocytes,  etc. 
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In  the  case  of  anaphylaxis,  the  product  of  this  reaction  is  poisonous,  and  is  there- 
fore called  "anaphylatoxin."  An  "antigen"  is  any  substance  that  induces  the  forma- 
tion of  a  specific  antibody.  "Antibodies"  are  the  spccilic  substances  produced  by  the 
ocganisms  under  the  influence  of  antigens.  They  arc  supposed  to  act  as  amboceptors; 
U.,  as  linking  the  antigen  to  the  complement.  The  "complement"  is  an  unknown 
tobstance  (or  substances),  normally  present  in  the  blood,  and  which  acts  on  the  antigen- 
Utibody  combination. 

R.  Weil,  1916.  proposes  the  term  "sensitizin"  in  place  of  "anaphylactic  antibody." 
Ordinarily,  the  scnsituin  is  identical  with  the  precipitin;  but  heat  naay  deprive  it  of 
put  of  its  precipitating  power  without  less  of  scnsitizinj^  value. 

ProductioQ  of  Anaphylatozin. — Since  a  sensitizing  injection  and  a  following  incuba- 
tion period  are  necessary  to  anaphylaxis,  it  is  evident  that  a  definite  chanKt  must  occur 
ia  Ihf  body  before  the  anaphylatovin  is  formed  or  can  become  cfFcctive.  Several 
posabte  explanations  of  this  are  tenable. 

Nature  of  Axutpbyiatoxin. — The  similarity  of  the  anaphylactic  phenomena  indicates 
that  whatever  the  nature  of  the  antigen,  the  resulting  poison  (tne  "anaphylatoxin" 
of  Friedberger,  1910;  "proteotoxin"  of  Zinsser;  "serotoxin"  of  Jobling  and  Peterson, 
i()i4),  is  probably  identical  or  closely  related.  The  process  has  been  conceived  as  a  pro- 
dnctionof  toxic  protein  cleavage  products,  through  "  defensive  ferments."  No  such  prod- 
acts.  howe%*er.  have  been  isolated.  It  is  equally  conceivable  that  the  phenomena 
dqwadon  altered  physical  properties  (surface  tension)  of  the  ordinary  plasma  protein; 
tnd  it  is  also  conceivable  that  the  change  is  in  the  reactivity  of  the  tissues  themselves 
lo  the  antigen.     The  actual  data  arc  confusing  and  indecisive.      ^ 

Prclein  Clativage  Theory. — This  is  based  partly  on  the  similar  sj-mptomatology  of 
amphylactic  and  pjeptone  shock  (Bicdl  and  Kraus);  partly  on  the  presence  of  specific 
proteolytic  "defensive  ferments"  in  the  blood  (Zuntz,  igial.  Neither  evidence  is 
CDftdusive.  General  stimulation  of  smooth  muscle  is  produced  by  many  dissimilar 
poisons,  so  that  the  symptom  a  lolog)'  is  not  a  safe  criterion  of  identity.  The  defensive 
nnnents  do  not  seem  to  be  concerned,  for  they  are  present  in  tlie  blood  on  the  second 
i&d  third  day  after  the  sensitizing  injection,  when  the  provocative  injection  is  still 
qaile ineffective  (Abdcrhaldcn,  191 2). 

Toxijualipn  of  Scrum  Proteins. — It  has  been  observed  that  serum  protein  may  be 
rtr.dcred  toxic  in  viiro,  either  by  antigen  (Friedberger,  1910);  or  by  non-specific  means, 
;.aprciaUy  by  contact  with  certain  colloids,  especially  agar  (Reysscr  and  Wassermann, 
Hu;  Bordet.  1914;  Novy  and  L)e  Rruif,  1917).  Novy  assumes  that  the  plasma 
AMitains  a  thermolabilc  protein  matrix  ("Tnraxigen")  which  is  liable  lo  be  modified  by  a 
^viciy  of  agents,  non-specific  as  well  as  specific.  Into  a  toxic  phase  "Taraxin,"  probably 
"ilhout  cleavage.  He  :issumes  that  this  change  occurs  as  an  Individual  by-product 
of  the  interaction  of  antigen  and  antilK>dy,  but  that  it  can  also  be  produced  by  direct 
JctioQ  of  other  colloids  on  the  "Taraxigen."  All  these  assumptions  are  hypothetical; 
indeed,  it  is  still  an  open  question  whether  non-specific  "anaphylaxis"  has  more  than  a 
Vfierfinal  resemblance  to  specific  anaphylaxis. 

She  of  Production  of  Anaphylatoxin. — Further  considerations  show  that  the  direct 
toRoation  of  anaphylatoxin  in  the  blood  has  really  a  minor  share.     In  passive  anaphy- 
namely,  the  degree  of  reaction  is  usually  quite  small  or  even  absent  if  the  antigen 

antibody  are  injected  simultaneously,  and  wlien  tliey  would  therefore  seem  to  have 
Ik  best  chance  of  interacting  in  the  blood;  and  that  the  severest  reactions  occur  if  the 
Utigen  is  injected  twelve  to  twenty-four  hours  after  the  antibodies — when,  in  fact, 
tW  uitibodies  have  largely  disappeared  from  the  blood,  and  arc  presumably  fixed  in  the 
liaues.  This  makes  it  probable  that  the  reaction  occurs  more  effectively  m  the  tissues 
tiin  in  the  blood.  This  is  further  sunportinl  by  the  observation,  to  be  described 
#rtscnUy,  that  blood-free  organs  of  sensitized  animals  react  with  the  specific  antigen. 
U  leads  to  the  view  that  both  in  active  and  passive  anaphylaxis,  the  antibodies  arc 
ktalLBed  mainly  in  the  cells  (as  "sessile  receptors");  and  that  it  is  here  that  the  inter- 
action of  antibody  and  antigen,  and  the  formulation  of  anaphylatoxin  mainly  occurs 
r^Fiiedberger^     A  part  of  the  antibody,  however,  is  given  off  to  the  blood,  and  some 

Iphylatoxin  may  therefore  be  lilx-rated  in  the  blood  stream  (Friedemann,    1909; 

rfl  and  Kraus,  ipio).  Manwaring,  1910,  and  VoegtUn  and  Bernhcim,  1911.  and 
Wefl,  191 7,  believe  that  the  anaphylatoxin  is  produced  mainly  in  the  liver. 

There  is  also  direct  evidence,  that  the  union  of  antibody  and  antigen  is  relatively 
^  in  the  blood  stream;  for  they  may  exist  there  simultaneously  and  ununited,  for 
wyv  combining  slowly  in  vitro  if  the  blood  is  removed.  This  suggests  the  presence 
">  thf  blnod  stream  of  some  inhibiting  substance  or  conditions,  such  a%  are  common 
m  colloid  reactions.  For  instance,  it  is  known  that  antireactions  are  inhibited  by  excess 
"Ifltikrr  antibody  or  antigen. 

It  viU  be  seen  that,  whilst  there  Is  direct  evidence  that  antibody,  complement  and 


448 


BCAKUAL   OF   PHARMACOLOGY 


antigen  arc  somehow  connected  with  anaphylaxis^  the  evidence  for  the  production  of 
anaphybtoxin  by  proteoI>tic  cleavage  is  mainly  indirect.     Against  it  may  be  placed 
the  observation  that  no  increase  of  cleavage  products  ha»  been  actually  demons Lra led, 
f.i.,  in  the  anaphylactic  lung  (Aucr  and  Van  Slykc).     Further,  that  the  reaction  of 
dsed  tissues  of  sensitiaed  animals  to  antigen  arc  more  rapid  than  is  customary 
ferment  processes  (Dale.  iqij).     Neither  of  ttic!>e  facts  actually  disproves  the  cleav 
thcorj"  for  the  increase  of  the  products  might  be  too  small  to  be  demonstrable;  and 
conditions  for  ferment  action  in  the  tissues  are  probably  much  more  favorable  than 
the  test-tube  (Dixon,  1913).     However,  they  suggest  the  possibility  of  other  expJ'i 
tions.     It  is  quite  conceivable  that  anaphylaxis  consists  in  a  special  sensitiveness  of  iIr 
tissues  to  the  antigen  itself,  rather  than  in  the  production  of  cleavage  products;  or  ihil 
the  toxicity  is  developed  by  some  physical  change  of  the  scrum  colloids — perhaps  il 
their  surface  tension — rather  than  by  their  cleavage. 

Share  of  Tissues  in  Anaphylaxis. — Anaphylactic  sensitization  is  maid- 
fesled  mainly  in  the  tissues,  rather  than  in  the  circulating  blood.  It 
need  not  l>e  further  discussed  whether  this  is  because  the  cleavage  ocoiq 
in  the  tissues,  or  because  the  tissues  have  acijuired  a  hypersensili venal 
to  the  antigen  itself.  The  fact  is  shown  conclusively  by  the  iransfiision 
experiments  of  Pearce  and  Eisenljrey,  1910.  They  found  that  a  sensitii« 
dog  transfused  with  normal  blood  exhibits  immediate  anaphylactic  shwi 
when  the  antigen  is  injected:  whereas  a  non- sensitized  doR  transfused  witk 
sensitized  blood  shows  no  immediate  effect  when  the  antigen  is  injected. 
It  is  also  proven  by  (he  fact  that  excised  and  blood-free  organs  of  sensitized 
animals  exhibit  a  high  specific  response  to  the  sensitizing  protein. 

Response  of  Excised  Sensitized  Tissue. — Schultz,  1910,  first  showed  that  vtsbs 
smooth  muscle  of  sensitised  animals  reacts  specifically  to  the  sensitizing  pratrla 
Foreign  serums  generally  stimulate  the  smooth  muscle  of  normal  (non-sensitized 
animals;  but  the  muscles  of  sensitized  animals  respond  to  very  much  smaller  dose»< 
the  seniiitizing  serum,  whilst  their  reaction  to  other  serums  remains  unchanged 

The  further  experiments  of  Dale.  1013,  showed  that  the  excised  uterus  of 
guinea  pigs  is  contracted  by  extreme  dilutions  of  the  specific  antigen;  the  prod 
the  hypothetical  toxic  substance  must  therefore  occur  directly  in  the  sensi 
The  response  is  almost  immediate,  so  that  the  hypothetical  cleavage,  if  such 
must  be  immediate,  and  not  by  ordinary  ferment  action. 

In  guinea  pigs,  which  have  been  rendered  immune  (desensitized)  by  repeated  in^ 
tions,  the  excised  uterus  is  still  sensitive  to  the  antigen.     This  form  of  antianaphylu 
must  therefore  be  due  to  an  inhibiting  substance  in  the  blood  of  the  immune  anit 

However,  in  the  excised  uterus,  one  dose  of  the  antigen  desensitizes  the  uteru 
further  doses  (but  not  to  normal  scnim).     The  antigen  therefore  dcAtro>-s  the  h>^ 
susceptibility  of  the  sensitized  muscle  (perhaps  by  saturating  the   receptors).    Th 
persistence  of  the  normal  reaction  to  normal  serum  is  a  further  proof  that  this  isqaii 
distinct  from  the  anaphylactic  response. 

Prolonged  contact  with  serum  of  a  sensiU\'e  animal  again  renders  the  nteru»aeii 
live  (passive  sensitization);  but  a  normal  uterus  can  not  be  passively  sensitized. 

Weil,  1914  and  iqi6  confirmed  the  results  of  Schultz  and  Dale. 

W.  II.  Mnore,  1Q15,  found  that  the  susceptibility  of  the  sensitized  uterus  isin 
if  all  blood  has  l>cen  removed  by  transfusion  with  Ixicke's  solution;  indicating  thai 
blood  has  an  inhibiting  influence. 

If  the  muscle  ts  further  freed  from  tissue  lymph  and  other  difTu^ibtc  clemcots 
repealed  centrifugation  in  Locke's  solution,  the  «K*nsitiveness  is  greatly  decreased; 
sensitiveness  being  quantitatively  restored  if  these  muscles  are  treated  with   no 
guinea-pig  scrum.     Thi&  indicates  that  some  conbtiluent  of  normal  serum  is  csseoti 
to  anaphylactic  stimulation. 

Manwaring,  Meinliard  and  Dcnhart,  1916.  observed  that  the  isolated  rabbit 
is  poisf^ned  by  goat  serum.     If  the  rabbit  had  previously  been  sensitized  to  the 
the  heart  is  marc  resistant.     On  the  other  hand,  the  addition  of  the  serum  of  a  sensi 
rabbit  to  the  goat  serum  increases  the  to.ticily. 

Direct  reactions  of  the  tissue  vdlh  the  antigen  have  also  been  observed  in  the 
(Weil,  1QX7)  and  lungs  (Mainwaring  and  Crowe,  1917). 
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DIRECT  TOXICITY  OF  AGAR 

^  The  intra\'enous  injection  of  agar  sotulions,  or  gels,  into  guinea  pigs  also  produces 
qrmptom^  rcsombling  anaphylaxis;  especially  the  acute  pulmonary  emph>'sema  (also 
ID  perfused  lungs).  Hanzlik  and  Karsner,  1920,  however,  showed  that  this  is  not  due 
lostinuiationof  the  bronchial  muscle,  but  to  hyaline  embolli  (presumably  agar).  These 
mult  in  mechanical  compresaion  of  the  bronchi.  Agar  also  agglutinates  red  blood 
corpuscles  in  vitro. 

OTHER  CARBOHYDRATE  COLLOIDS 

gglntinafion. — This  occurs   in   vilro  with  acacia,  soluble   starch,  Iragacanth; 
dextrin  or  glycogen  (Karsner  and  Hanzlik,  1020). 

ion  of  Lungs. — Neither  broncho-constriction  nor  pulmonary  distention  occurs 
icada,  dextrin,  glycogen,  or  soluble  starch. 


RECAPITULATION   OF  ECBOLTCS  (OXYTOCICS)  AND  EMMENA- 

GOGUES 

Ecbolics  are  remedies  which  stimulate  the  gravid  uterus  to  the  expul- 
\  of  the  fetus.     When  used  in  the  non-gravid  condition,  they  often 
Dcrease  the  menstrual  dow,  and  are  then  called  Etnmenagogues. 

Tbcy  may  be  grouped  into  the  following  classes: 

I.  ^rect  SlimiUaJton  of  the  Uterine  Miisrir  or  Innrroation. — Pituitary,  ergot,  his- 
Inuo  are  the  only  reliable  ox>'locics  lor  thrra[>eutic  use.     Other  members  of  this 
il»  arc  quinin,  hydrasus.  pilocarpin.  physostigmin,  nicotin.  muscarin;  and  paras^m- 
JlUictic  stimulants  in  general. 
i.  InUatimU  Irritants. — These  include: 
All  Drastic  Pur^aliirs. — Aloes,  M>Trh,  etc. 

Manl  Volatile  Oils,  especially  Savin,  Thyme.  Pennyroyal,  and  Turpentine. 
"other  intestinal  Irritants:  Cantharides,  Digitalis,  Metals,  etc.     A  similar  action 
^dairoed  for  Borax,  but  mav  Iw  considered  doubtful. 

tmust  Ijc  rcmemljered  that  tfiesc  irritants  product*  their  ecbolic  effect  only  second- 
to  a  gastroenteritis      The  latter  may  be  so  violent  O-S  to  be  fatal  without  accom- 
ng  the  desired  result     They  should  not  be  employed  for  ecbolics,  but  the  volatile 
jay  be  useful  as  emmenagogues. 
Sppticotion  of  heat  or  counter  irritants  to  the  peine  rrgion  or  feet:  hot  foot-  or  hip- 
ths,  mustard  plasters,  hot  irrigations  of  the  \"agina,  etc.     These  milder  measures  arc 
yemmcnagogue.     When  nulrilion  is  low,  they  may  be  greatly  aided  by  tonics. 


OXYTOCICS  OF  MINOR  IMPORTANCE 

ty  pi f  Radicii  Cortex,  M.I'  ;Colton  Root-bark. — ThidriLii  rciot-biirkof  Gossypium 
and  other  species.    This  also  was  used  as  abortifacient  by  the  negroes,     tt 
re&in:*,  but  no  alkaloids  nor  tannin  (Power  and  Bruwning,  igi4  Zcllner,  igto). 
I  and  e.Tperimcntal  reports  arc  not  favorable;  the  perfused  uterus,  however,  is 
biikted  (Scott,  tgii). 
OBr.Goi.tvp.  Rad.  Cart.,  B.P. — 30  per  cent.     DosCf  15  to  60  ex.,  H[  to  2 ounces,  B.P 
£tf  Gftn'yp   Rad.  Cort.  Liq..  BP — Dose.,  1  to  4  c.c,  ^  to  r  dram.  B.P. 
P<9ny  Roof. — Holste.  1016,  claims  that  this  contains  an  alkaloid  that  stimulates 
Srrine  contractions,  constricts  blood-vcsseltt.  and  increases  bloud  coagulation.     This 
conArmation. 


UTERINE  SEDATIVES  AND  HEMOSTATICS 

.A  number  of  drugs  of  ill-defmed  actions  are  pujjulariy  credited  with 
[Uieting  the  excitability  of  the  uterus,"  especially  the  pains  of  prema- 
Vt  labor;  with  contracting  the  os  uteri ;  with  arresting  iiierine  hemorrhage; 
Ih  regulating  dysmenorrhea,  particularly  at  puberty  and  the  climacteric; 
d  even  with  correcting  uterine  malpositions. 
2^ 
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It  is  difficult  to  conceive  a  mechanism  by  which  a  drug  could  produce  all  of  these 
actions,  except  through  the  imagination.     Many  of  these  complaints  arc  so  uncertain; 
in  their  course,  and  indeed  so  largely  ner\'ous,  that  it  is  easy  to  imagine  any  rcsul 
that  arc  desired.     The  use  of  tliese  remedies  was  mostly  taken  from  uncritical  fo 
medicine  and  promulgated  by  obscure  and  ill-trained  practitioners  during  the  m 
uncritical  period  of  therapeutics.     They  owe  their  continuance  in  the  pharmacopc 
mainly  to  their  extensive  use  in  proprietary  "  female  weakness"  remedies.     These  in  tu 
rely  for  their  sale  on  the  liberal  use  of  alcohol  and  exaggerated  suggestive  advertising. 

Under  these  circumstances,  there  is  practically  no  serious  evidence  for  the  clinical 
usefulness  of  these  drugs.     Excepting  hydrustis  and  cotamin,  which  belong  to  a  somc-^_ 
what  diflfercnt  rta.ss,  there  is  no  record  of  any  competent  clinical  investigation  by  expcri^H 
enced  critical  obsenxrs  under  hospital  conditions.     The  clinical  cases  that  are  pubtisbe<^H 
are  generally  very  superficially  recorded;  they  generally  show  evidence  of  prejudice  a»<l 
exaggeration;  and  arc  often  \*itiatcd  bv  the  simultaneous  use  of  other  measures  of  mo 
evident  value 

Experimental  lurestigations. — Pharmacologically,  most  of  the  drugs  of  this  d 
are  practically  inert,  especially  as  concerns  the  uterus.     Since  the  excised  uterus  rear 
essentially  like  the  uterus  in  vivo,  it  may  be  fairly  taken  as  an  index  of  uterine  ttctivil>"  - 
Pilcher,  1916,  has  investigated  in  this  way  the  drugs  which  are  used  most  commonl?^ 
in  these  female  remedies,  emplo>'ing  the  relatively  very  high  concentrations  of  i:i,o»c3 
to  1:500. 

He    obtained  no  defmilc  effects   n-ith:  Chama:lirium   luteum   (Hcloni&s  dioia>  t 
Leonurus  cardiaca;  Passiflora  dentata;  Mitchella  repeiis,  Chei^tnut  bark. 

The  following  gave  more  or  less  pronounced  effects  (but  not  sufficient  to  coafirc*' 
any  therapeutic  value): 

Slight    Dcprasioft. — Valerian;  Dioscorca   villosa;  Aletris  farinosa;   Ichthyometlia-^ 
niscipuln;  Pulsatilla  pratensis;  C>7>ripcdium  pubesccns;  Scutellaria  latcrifolia;  Scrophi*  ~ 
marylandica;  Senecio  aureus;  Viburnum  opulus 


uuii 


Inconstant  Stimttlation, — Acer  sptcatum;  Cnicus  bcnedictus;  Viburnum  prunifobuir»  - 

Constant  Marked  Increase  of  Tanr. — Caulophyllum  thalictroides. 

These  results  were  obUiined  chiefly  on  tne  excised  uterus  of  guinea  pigs.  11*^ 
excised  human  uterus  required  higher  concentrations,  but  gave  the  same  reactiori  ^ 
(Pilcher.  1017)-  ^^H 

Uteri  in  Situ  in  Living  Animals. — Monc  of  the  above  drugs  produced  aoycScc^^| 
in  an>'thinB  like  normal  doses  (Pilcher  and  Mauer,  loiS). 

Excised  Intestines.  -These  are  also  affected,  similarly  to  the  uterus.  Caulophyllun*  ^ 
however,  lowers  the  amplitude  witli  little  effect  on  the  lone.  Valerian  (oil,)depressc*th^J 
contractions.  Viburnum  opulus  and  prunifolium  are  inactive  (Delxell.  Burman  *d*^ 
Pilcher,  1916). 


VIBDRNUMS 


Viburnum  prunifolium  and  Viburnum  opulus  had  the  widest  reputation 
these  uterine  sedatives,  and  for  that  reason  deserve  more  detailed  discussion,  althou^ 
their  usefulness  is  no  more  demonstrated.  Illustrative  of  this  is  the  fact  that  the  dxxM^ 
sold  as  Viburnum  opulus  has,  for  the  last  twenty  years,  consisted  of  the  Uark  of  a  mapl^^ 
.■\cer  spicatum  (Farwell,  1913,  and  others). 

Viburnum  prunifolium  or  Black  Haw,  a  rather  common  shrub,  was  used  somewh^* 
in  domestic  medicine  (Lloyd).  It  was  introduced  into  medical  practice  mainly  by  tt«^ 
clinical  papers  of  Phares,  1866,  and  Jcnks.  1876.  Both  prais*-  it  with  extravajtao' 
enthusiasm.  The  next  ten  years  were  the  high  tide  of  its  [>opuUnty.  as  judged  l» 
an  output  of  75  articles  on  the  subject.  The  interest  then  abated  equally  suddcniv- 
for  the  next  thirty  years  have  produced  only  some  15  papers.  ^, 

The  whole  early  literature  is  highly  typical  of  the  loosest  class  of  clinical  "evidence, 
and  does  not  merit  serious  discussion.  The  mecham'sm  of  its  reputed  action  b  at  mo** 
a  matter  of  speculation.  The  only  attempui  at  investigation  date  from  R.  L  P«jt>^* 
1S88,  and  Sherman.  1896.  and  these  did  not  include  the  uterus.  They  showed  at  iw>** 
that  vcrj'  large  doses  may  produce  depression  of  the  whole  nervous  system,  withou* 
practical  significance 

La  Torre,  1913,  interprets  the  histologic  picture  as  contraction  of  the  utcnu,  Co*^] 
pressing  the  uterine  vessels. 

The  first  real  search  for  uterine  actions  was  made  by  Lieb,  1914     He  believed  tb*f 
he  observed  stimulation  of  the  e.vcised  uterus.     Ho^xvcr,  more  cxteasi\x  inv 
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b>-  Pilchcr.  19x6;  by  A.  P.  Matthews  and  Hager;  by  Hagcr  and  Becht,  1919,  and  by 
Hale,  gave  generally  negative  results  under  all  conditions  (uterus  pregnant  and  non- 
pregnant; in  niu  or  excised)-     Neither  viburnum  has  any  effect  on  excised  intestine. 

PREPARvVTIONS — VIBURNUM 

VUfumum  Pntnifolium.  U.S. P.;  Viburnum,  B.P.  (Black  Haw). — The  dried  bark  ol 
Viburnum  prunifolium  contains  resins  (v-iburnin),  valeric  and  tannic  acids,  etc.  Dosf^ 
s  Gm..  30  gr.  LI.S.P. 

Exi.  Viburn.  Prunijol.,  U.S.P. — A  powdered  extract,  i  Gm.  representing  4  Gm.  of 
<lrug.     Dost,  0.5  Gra.,  S  gr..  U.S.P. 

Pidfxi.  Vihurft,  Pruntf..  U.S.P.;  Exi.  Vibum,  Ug,,  B.P. — Dose,  2  c.c,  30  minims, 
V.S.P.;  4  lo  8  ex..  I  to  2  drams,  B.P. 
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SEXUAL  GLANDS 


SpeciBc  internal  secretions  of  these  glands  arc  concerned  In  the  production  of  the 
"secondary"  sexual  characters;  and  in  the  cycles  of  menstruation,  pregnancy  and 
lactation.  For  many  of  these  phenomena,  however,  the  continuous  Functionation  o( 
tht  glands  in  situ  is  ncrcssan-;  the  therapeutic  administration  of  the  glands  in  sub- 
sUnce  or  extracts  has  therefore  been  only  of  limited  value. 


OVARY 

This  has  been  given  for  the  relief  of  the  symptoms  which  follow  the 
fiatural  or  artificial  menopause.  It  is  difficult  to  say  how  far  the  rather 
inconstant  benefits  are  psychic.  The  most  favorable  results  have  been 
reported  in  postoperative  menopause  in  young  women. 

The  so-called  "endometritis  glandularis"  is  really  a  menstrual  exaggeration,  prob- 
iMy  of  ovarian  origin,  due  to  an  atypical  course  of  the  iutcum  production;  most  likely 
*<*  Occur  ut  puberty  and  the  climacleric  (Wagner,  igis). 

Itcncficiai  results  are  also  claimed  in  some  cases  of  amenorrhea  with  chlorosis.  Ex- 
pfH  men  tally,  it  has  Utile  effect  on  normal  animals;  hut  when  oxidation  has  been  de- 
pf^sscd  by  castration,  in  bitches  and  somewhat  in  dogs,  it  is  restored  to  the  normal 
*^*t  or  above  by  the  administration  of  ovarian  extract. 

The  average  daily  dose  of  the  dried  ovary  (hog)  is  0.5  gm.,  yj-j  gr. 


CORPUS  LUTEUM  (LUTEIN)' 

This  is  similarly  to  Ovarian  Extract  (Fraenkel  i903;McDonald,i9io; 
fiuTnam,  1912).     Clinical  opinions  differ  as  to  its  relative  efficiency. 

The  specific  effects  of  the  corpus  luteum  on  the  sexual  cycle  are  not  secured  by 
\15  iidministnilion  (L.  Loeb,  1910  and  191 1  and  191S;  Corner  and  Hurni.  igift).  In- 
Jtctions  are  slightly  j^alactogoguc  In  Koats  (Oil and  Scutt,  iQio;Schaeferand  Mackenzie, 
Wii).  They  start  hvpertrophy  of  the  mammary  ^tand  and  lactation  even  in  virgin 
"^hbiKOitand  Scott,  1914).    Intravenous  injection  lowers  the  blood  pressure  (Villemin, 

Graves,  1917,  claims  that  the  whole  substance  of  the  ovary  is  therapeutically  more 
effective  than  corpus  luteum.  He  believes  that  the  interstitial  cells  are  important. 
However,  there  is  no  real  evidence  either  way. 

Action  on  ExtisfA  StnooHi  Xtuidr. — P^xtracts  of  corpus  luteum  or  oxTiry  have  but 
"tUc  ctTcct  on  the  excised  blarldcr  and  ureters;  they  stimulate  exdsed  uterus  about  like 
other  gland  extracts;  and  they  produce  especially  strong  stimulation  ol  the  v.is  deferens, 
Thb  has  been  suggested  ns  bio-assay;  ir.,  that  concentrations  corresrHinding  to  o.i 
pn  ccQt  of  the  fresh  gland  should  stimulate  the  vas  deferens  of  rats.     This  reaction  is 

'Thii  nime  is  peeuliarly  unrortunaie,  dnce  it  had  previcmtly  been  Applied  to  the  yellov  colortnc 
ttiKtlvr  uf  cggt. 
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stronger  with'  the  corpus  luteum  than  with  the  ovarian  extracts  (Matsumoto  amd 
Macht,  1919). 

Administration. — The  average  daily  dose  of  the  dried  substance  is  o.i  gm.,  i^  ff*"- 
Dannreuther,  1914,  uses  the  blood  pressure  as  a  guide:  this  should  fall,  not  to  exceecl 
15  mm.  This  usually  requires  0.3  gra.  of  the  dried  substance,  three  times  daily.  Fi^ 
believes  that  the  corpora  of  pregnant  ovaries  are  much  more  effective;  but  McCordy 
1QZ4,  claims  that  under  slaughter-house  conditions,  at  least  90  per  cent,  of  the  weigb^ 
of  indiscriminately  collected  material  would  be  from  pregnant  animals. 


MABOIARY  GLAND 


This  has  been  used  a^nst  excessive  menstruation  (daily  dose,  z  gm.,  15  gr.,  of  the 
dried  gland).  Extracts  increase  the  movements  and  the  tone  of  the  excised  uterus 
{Ott  and  Scott,  1909)  and  are  somewhat  galactagogue,  but  not  in  human  (Schaefer  &ncl 
Mackenzie,  1910). 

EXTRACT  OF  PROSTATE 

Tadpoles. — Feeding  with  prostate  hastens  the  metamorphosis  of  tadpoles;  but  unlike 
thyroid,  it  does  not  check  growth.  The  effect  is  not  due  to  iodin,  for  this  is  not  present. 
It  seems  to  be  specific  to  this  tissue  (Macht,  1920). 

Excised  Smooth  Muscle. — This  is  stimulated,  the  uterus  being  espedally  sensitive 
(Ott  and  Scott,  1909;  Macht  and  Matsumoto,  1920). 

Metabolism — This  is  increased,  but  not  as  much  as  by  ovarian  extract. 


ORCHmC  EXTRACTS 

Brown-Sequard,  1889,  announced  that  hypodermic  injections  had  remarkable  sttmu- 
lant  qualities.  Sensational  exploitation  brought  his  claims  into  rapid  dbcredit,  and 
the  extract  is  now  scarcely  employed.  The  most  marked  effect  is  said  to  be  an  increase 
of  15  to  20  per  cent,  in  the  capacity  for  voluntary  muscular  work  (ergograph). 

This  action  has  been  attributed  by  Poehl  to  the  base  spermin  (CjHi4Nj).  Whfl* 
this  is  especially  abundant  in  this  extract,  it  also  exists  in  many  other  tissues.  It* 
actions  on  the  heart  and  circulation  resemble  those  of  cholin,  which  is  also  present  in 
the  orchitic  extract.  Its  phosphate  forms  the  "Ckarcot-Leyden"  crystals  found  i** 
sputa,  etc.  The  action  of  these  substances  is  supported  by  a  nucleoprotein,  which 
causes  a  slowed  heart  and  fall  of  blood  pressure  through  stimulation  of  the  vagus  ceoteTv 
and  dilatation  of  the  splanchnic  vessels,  also  through  the  center.  The  orchitic  cxtnct 
applied  to  the  isolated  heart  (Porter  and  Langendorff  method)  shows  increase  in  force 
and  frequency.    The  excised  uterus  shows  slight  stimulation. 


NITRITES,  NITROGLYCERIN,  AND  OTHER  ALKYL  NTIRAIKS 

General  Statement — The  nitrites,  the  nitrous  esters  and  the  organic 
nitrates,  which  are  reduced  to  nitrites  in  the  body,  lessen  the  tone  of  arte- 
rial muscle,  thus  producing  a  prompt  fall  of  blood  pressure.  Their  othe*" 
effects  are  unimportant.  They  are  used  for  the  relief  of  arterial  spW** 
and  other  conditions  of  high  blood  pressure. 

Members. — This  group  comprises  the  inorganic  nitrites  (NaNO»)» 
the  nitrous  esters  (amyl  nitrite,  ethyl  nitrite,  "Sweet  Spirits  of  Niter") » 
and  substances  which  liberate  the  nitrite  ion  within  the  body.  Mo^t 
important  amongst  the  latter  is  glycerin  tri-nitrate  (nitroglycerin  ot 
glonoin),  which  is  easily  broken  up  by  alkalies  into  a  mixture  of  nitrates 
and  nitrites;  a  similar  change  occurs  in  the  body.  Erythroi  tetranitrate 
and  mannitol  hexanitrate  undergo  analogous  decompositions,  but  much 
more  slowly.    Even  inorganic  nitrates  are  reduced  to  a  slight  extent 
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[Binz,  1901),  especially  by  the  putrefactive  bacteria  of  the  colon,  and  may 
then  give  rise  to  the  phenomena  (»f  nilritc  poisoning;  but  this  requires 
ven'  large  doses  such  as  the  quantities  of  Bismuth  Subnitrate  used  in 
Roentgen  diagnosis. 

Hydrozylanun,  (XHjOH),  is  decomposed  in  the  body  into  nitrite  and  ammonium. 
itpr(>duccs  the  effects  of  both  these  substances  (methcmoglobin  formation,  convulsions, 
realm]  paralysis,  Lewin,  i88g). 

Differences  in  Activity. — It  is  generally  assumed  th;il  the  organic  nitrates  act  only 
titer  being  reduced  to  nitrites;  but  this  is  not  proven.  The  fact  that  excised  ve&scls 
react  promptly  to  these  nilraies  suggests  that  they  may  perhaps  act  directly.  It  is 
tbo  remarkable  tlial  the  efleclive  dose  of  nitroglycerin  is  but  a  hundredth  of  that  of 
sodiom  nitrite.  Presumably  the  organic  esters  penetrate  more  readily  into  the  cells, 
ind  perhaps  the  reduction  occurs  only  after  their  penetration  or  there  may  be  certain 
pccultarities  in  the  reduction.  These  may  also  explain  individual  differences  of  su5ce[>- 
tibility.  C,  R.  Marshall,  191  ?,  finds  that  the  introiiuction  of  OH  and  CO-H  groups 
intfl  organic  nitrates  diminishes  their  vasodilator  action. 

The  nitrates  of  monhydric  alcohols  are  less  effective  than  the  polyhydric,  probably 
because  of  slower  decomposition.  Nitroglycerin  and  erj'throl-tetranitrate  act  quanti- 
tatively alike  when  equimolecular  doses  are  injected  into  a  vein;  by  mouth  the  action 
of  the  crythrol  ester  is  weaker  and  more  prolonged,  because  it  is  much  less  soluble,  and 
iheiefore  more  slowly  ab.sorbcd  (Marshall,  1:913). 

kKedudng  Properties  of  Tissue. — Many  other  substances  are  reduced  in  the  tissues; 
bare  methylene  blue,  arsenic  acid;  the  oxids  uf  tellurium  and  selenium;  nitrobeniol 
)  anilia;  <>ulphur  into  hydrogen  sulphid,  etc.  The  change  is  not  due  to  ferments 
rHeffter,  1907.  1908).  The  reducing  power  of  different  organs  varies  greatly.  Many 
"^r  substances  are,  of  course,  o.xiai^cd  in  the  tissues,  the  processes  of  oxidation 
ud  reduction  going  hand  in  hand. 

Actions  on  the  Circulation. — The  most  important  effect  of  the  nitrites 
aa  prompt  fall  of  blood  pressure,  due  to  vasodilation  by  direct  action  on 
the  blood  vessels. 

Course  of  the  Vasodilation. — This  is  first  noticed  in  the  skin  of  the 
lace,  in  an  area  similar  to  that  involved  in  blushing,  but  which  may  ex- 
tend over  the  entire  trunk  to  the  ilium.  The  meningeal  vessels  undergo 
dilation  at  the  same  time.     There  is  consequently  redness  of  the  face, 

^and    throbbing    in    the    head,    and    headache.     The   flushing   of 
skin  is  brief,  but  headache  is  apt  to  persist,  especially  with  erythro! 
Ictraniirate.     The  retinal  vessels  are  also  dilated. 

WTicn  amyl  nitrite  is  inhaled,  there  is  generaliy  at  first  some  reflex 
(vagal)  slowing  of  the  heart.  Very  soon,  however,  the  heart  is  greatly 
quidtened,  so  much  so  that  a  rise  of  blood  pressure  is  frequently  observed 
at  the  start  (Hewlett,  1906),  the  dilatation  being  more  than  overcome  by 
the  quickened  beat. 

The  dilatation  does  not,  however,  remain  confined  to  the  skin,  but 
ipreads  to  other  vessels,  and  relaxation  of  the  splanchnic  area  in  particular 
causes  a  speedy /d//  of  blood  pressure  (Fig.  16)  and  a  dicrotic  pulse  (Fig.  17). 
The  fall  of  blood  pressure  is  due  entirely  to  the  extensive  vasodilation, 
produced  by  the  direct  action  of  the  nitrite  on  the  arterioles.  The  vaso- 
motor center  is  not  inhibited,  but  rather  stimulated  by  the  cerebral  anemia 
Xgcher  and  Sollmann,  1914).  It  is  possible,  however,  that  thcprclimi- 
Hhr  blushing  is  a  central  effect. 

"  Evidences  of  Vasodilation.— The  fall  of  pressure  occurs  equally  well 
when  the  cardiac  changes  are  excluded  by  atropin.  The  vasodilation  can 
k  demonstrated  directly  by  inspection  (the  blushing);  by  plethysmo- 
Erapbic  measurements  (Dossin,  1911)  and  by  the  increased  rale  of  vein 
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Effects  on  Vein  Flow  and  Vein  Pressure. — Burton-Opitz  and  Wolf,  z^io,  on  injecting 
nitrite  into  the  femoral  artery,  found  the  vein  flow  and  vein  pressure  increased  in  the 
corresponding  leg,  whilst  the  general  arterial  pressure  was  practically  unchanged. 
If  amyl  nitrite  was  inhaled,  the  vein  flow  in  the  leg  decreased  with  the  blood  pressure, 
because  of  the  withdrawal  of  the  blood  into  the  more  powerfully  dilated  spl&ndmM: 
vessels.     Cam>s,  191X-Z9X3,  also  found  a  fall  of  vein  pressure. 

/»  many  Hewlett,  IQ13,  found  increase  of  the  volume,  but  scarcely  of  the  blood  flow» 
of  the  arm.  Stewart,  xpis,  showed  a  quite  definite  increase  of  the  blood  flow  of  thm 
hand. 


Fig.  16. — Amyl  Nitrite  on  Carotid  Prewure.  Dog.  The  nitrite  is  inhaled  between  the  twe 
vertical  lines.  The  upper  tracing  is  taken  from  a  normal  dog,  the  lower  after  atropin.  The  heart 
was  quickened  by  the  nitrite  in  the  upper  tracing,  but  not  in  the  lower. 

There  are  also  definite  changes  in  the  "pulse-flow"  (the  flow  during  the  csidisc 
cycle).  These  occur  when  therapeutic  doses  are  given  in  arterial  tension,  even  wba 
the  blood-pressure  readings  are  not  reduced  (Hewlett,  1917). 

Systolic  and  Diastolic  Blood  Pressure. — The  relative  preponderance  of  these  iodj- 
cates  the  mechanism  of  blood-pressure  changes:  If  the  greater  change  is  in  tht  diastolic 
pressure^  the  cause  is  in  the  vasomotor- tone  or  heart-rate.  If  the  chan{^  is  greater  in 
the  systolic  pressure,  the  cause  is  in  the  cardiac  force  or  blood-volume  (Pilchw).  With 
nitrite,  therefore,  the  diastolic  fall  should  be  greater  than  the  systolic,  unless  there  k 
very  marked  increase  of  the  heart-rate. 


Fic.  17. — Amyl  nitrite  on  sphygmogram:  a.  Normal;  b.  after  inhalation  of  four 


The  Dilator  Action  is  Peripheral. — It  occurs  after  ligation  of  the  blood  vessels  d 
the  brain  (Mayer  and  Friednch,  1S75) ;  after  destruction  of  the  spinal  cord  (Laa<ltf 
Brunton,  1869);  in  excised  organs  (Atkinson,  18S8;  Marshall,  1898,  etc.);  and  even 
in  excised  arterial  segments  (Cow,  X911).  It  is  therefore  due  to  depression  of  ib^ 
tone  of  the  vascular  musculature.  There  are  as  yet  no  convincing  data  as  to  the  prea>^ 
site  of  the  action.  Strong  stimulation  of  the  vasomotor  nerves  raises  the  Mood  pressnre 
even  during  the  nitrite  fall  (Bernheim;  Mayer  and  Friedrich).  The  xiitritesmre  said  to 
act  after  degeneration  of  the  cervical  ganglia.  It  seems  probable  therefore  that  tbey 
affect  the  myoneural  junction  or  muscle  substance. 

Antagonisms. — Nitrites  are  mutually  antagonistic  with  most  vascultf 
constrictors;  thus,  splanchnic  stimulation  (Bernheim,  1874),  epinephriBi 
strophanthin,  etc.,  raise  the  blood  pressure  during  the  nitrite  fall;  and 
conversely,  nitrites  lessen  the  rise  of  these  constrictor  agencies. 
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The  antagonism  is  quantiuiive ;/.».,  sciatic  slimulation  gives  the  same  millimeter 
rise  during  as  before  the  nitrius;  iind  nitrites  give  the  same  milhmeter  fall  during  as 
before  strophanthin,  hydrastinin,  pituitarv,  strychnin  or  ergot.  This  suggests  that  the 
point  of  attack  of  the  nitrites  is  different  trom  that  of  the  pressor  agencies  (Pitcher  and 
SoUmann,  1915). 

Cimerun,  1906,  proposed  to  utilize  the  antagonism  for  the  bio-assay  of  epinephrin. 
He  states  that  0.6  mg.  of  nitroglycerin  exactly  neutralizes  the  pressor  effect  of  0.0075 
mg.  of  epinephrin. 

The  Vasomotor  Center. — This  is  not  depressed,  but  rather  stimulated  by  its  anemia; 
the  stimulation,  however,  can  not  overcome  the  peripheral  depression.  This  is  shown 
by  the  perfusion  experiments  of  Filchcr  and  Sollmann,  1915.  Similarly  the  blood  pres- 
sure does  not  fall  if  a  nitrite  is  introduced  into  the  cerebral  circulation,  but  prevented 
fxx>m  reaching  the  systemic  vessels.  (Filehne,  1874,  had  concluded  that  the  vasomotor 
center  is  depressed.) 

Tlie  Pulmozuiy  Circulation. — The  pulmonary  vessels  arc  not  so  markedly  dilated; 
indeed,  Macht,  1914,  found  constriction  in  excised  pulmonary  arteries.  The  pressure 
in  the  pulmonary  artery  is  generally  slightly  increased  (Bradford  and  !>can,  1894; 
recent  nierature  in  Wiggers,  xgti).  The  rise  is  probably  due  partly  to  the  engorge- 
nient  of  the  large  ^"cins. 

Bram-7olume. — In  man  (trephined),  this  is  dilated  by  the  inhalation  of  amyl  nitrite 
(Raphael  and  Stanton,  iqio). 

The  Coronaiy  Vessels. — The  outflow  from  the  coronary  veins  is  in- 
creased in  intact  animals  (F.  Meyer,  191 2;  Schloss,  1913)  and  in  excised 
mammalian  hearts  (O.  Loeb,  1903).  The  coronary  vessels  are  therefore 
dilated  (also  excised  arterial  rings;  Voegllin  and  Macht,  1913);  and  the 
coronary  circulation  is  improved.  This  explains  the  beneficial  action  in 
angina  pectoris. 

Intraocular  Tension. — This  is  raised  by  amyl  nitrite,  even  when  the 
general  blood  pressure  is  lowered  (Wessely,  1915).  This  enjoins  caution 
when  using  nitrites  in  glaucoma.  The  retinal  vessels  are  also  dilated 
(Hirschfelder,  1915). 

The  Tachycardia. — This  is  due  mainly  to  depression  of  the  vagus  center,  for  after 
Wctinn  of  the  vagi,  or  after  iitropin,  nitrites  cause  but  little  further  acceleration  (Mayer 
»nd  Friedrich,  1S75).  The  alight  remaining  quickening  h  abolished  by  dividing  the 
*«clcrators  (Dossin,  1911).  The  rate  of  the  excised  heart  is  not  changed  by  nitrites 
(Plumier,  1905).  The  excitability  of  the  vagus  trunk  to  direct  electric  stimulation 
persists. 

The  depression  of  the  vagus  center  is  due  to  the  fall  of  blood  pressure,  and  not  to  a 
•iittci  actidn  of  the  nitrite,  for  no  Quickening  occurs  if  the  pressure  is  kept  level  bv 
Pwtiil  compression  of  the  aorta  (Filenne,  1S70;  Sollmann).  The  vagus  center  may  still 
'^spond  to  strong  reflex  stimulation  (Ma>'er  and  Friedrich). 

/«  muff,  the  acceleration  on  inhaling  amyl  nitrite  is  considerable,  often  to  double. 
^'0  Acceleration  occurs  in  complete  htart-btock.  This  has  a  diagnostic  value,  similar  to 
airopm  (Helloir  and  DuBos,  igi.j). 

In  experimental  partial  heart-block,  the  rate  is  still  quickened  by  amyl  nitrite 
''fwlcricq,  1Q16). 

FJrrtrofardw^rami. — When  amy!  nitrite  is  inhaled  by  intact  dogs,  there  is  at  first  a 
^a^lcctl  reflex  increase  of  \*agus  tone,  shown  by  slowing  of  the  sinus-rate,  exaggerated 
JDiu  arrhythmia,  lengtliened  .\-V  time  or  .-V-V  block,  and  a  negative  tendency  of  the 
"ind  T  waves. 

As  the  blood  pressure  falls,  these  changes  are  reversed.  The  vagus  tone  becomes 
"Ptssed,  the  sinus-rate  is  quickened,  the  arrhythmia  and  block  disappear,  and  A— V 
**Oie  i$  shortened ;  the  P  and  T  waves  become  more  positive. 

Thrse  phenomena  are  not  affected  by  pre\'tous  digitaiization:  however,  large  doses 
*>( nitrite  abolish  the  ectopic  beats  due  to  digitalis  (Hulsey,  iqi?)- 

Character  of  Pulse. — As  the  result  of  the  quickening,  the  excursions  of 
flu  heart  are  smaller.  The  blood-pressure  waves  appear  particularly  low, 
^ause  the  pressure  wave  is  more  readily  dissipated,  on  account  of  Ihe 
dilatation.  The  pulse,  on  the  other  hand,  may  be  bounding  and  dicrotic, 
because  the  arteries  are  emptied  more  completely  during  diastole. 
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The  heart-muscle  shows  no  important  direct  change;  however,  ihi 
better  coronary  circulation  and  the  lowered  peripheral  resistance  maj 
improve  and  relieve  a  weakened  heart  (MacNider,  1908). 


Th^  excised  marmnuilian  ke*trt  is  scarcely  affected  by  moderate  doses,  pcrh 
slightly  stimulated,  then  depressed  (Loeb,  1903;  Plumier.  IQ05;  Dossln,  lou*- 

The  excised  frog's  heart  may  be  quickened  by  low  concentnition-i  f  j :  10.0001;  hig 
concent  rations  weaken  (1:5,000),  or  stop  (i:  t.ooo)  the  contraction. 


1 


Methemoglobineniia. — Excessive  doses  of  nitrites  form  methemo- 
globin  (Gamget',  iS6?^)  and  this  causes  c>'anosis  and  asphyxia.  However^ 
since  the  blood  corpuscles  are  not  destroyed,  the  animals  generally  recov 
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The  methemoglobin  formation  by  sodium  nitrite,  in  litro,  is  proportional  to 
hydrogen-ion  concentration  {C.  R.  Marshall). 

Penetration  of  Red  Blood  Corpuscles. — These  absorb  nitrite  ion£,  with  remnN'alof 
chlorid  ions.  The  entrance  of  the  nitrite  ions  is  retarded  by  certain  anions  fRohonyi, 
1916). 

Respiration. — This  is  accelerated  (Mayer  and  Fricdrich),  probably  by  the  change 
the  blood  and  circulation. 

The  Bronchial  Muscles.— These  are  relaxed  by  nitrites  (Doyon,   1906;  cxd 
Titone,  iQi.ii  surviving  lungs.  Uachr  and  Pick,  igxj).     This  may  explain  tbcir  ime 
asthma.     The  smoke  of  the  "Charta  Potassii  Nitratis"  (paper  impregnated  with  »l 
peter)  probably  owes  a  part  of  its  effect  to  nitrite  compounds. 

Gall-bladder.— This  is   elaxcd  by  nitrites  (Lieb  and  McWhorlcr,  loisK 

Intestinal  Muscle.— Hirschfelder,  1915,  finds  that  the  systemic  adminislraUon 
nitrites  relaxes  the  intestinal  constriction  produced  by  lead  salts.  It  has  been  u 
clinically  in  lead  colic,  but  with  limited  success. 

Excised  Jreter.- — This  is  rapidly  paralyzed  (Macht,  1917) 

Digestion. — Nitrites   cause  some  slight   interference    with  the  digestive  ( 
(Hale,  1910);  but  probably  not  enough  to  be  important.     Sodium  nitrite  is  su|> 
to  produce  some  gastric  irntation,  by  the  liberation  of  nitrous  acid — this  is  not  su" 
to  mtcrfcrc  with  its  therapeutic  use. 

XJrine. — The  variations  produced  in  the  secretion  of  urine  .ippear  to  be  purely  second" 
ary,  and  will  depend  upon  whether  the  renal  arterioles  or  those  of  the  general  rircuU 
tion  arc  relatively  more  dilated;  the  former  causing  an  increase,  the  latter  a  dimioutioi 
of  urine. 

/«  patUtUs  \pitk  fxcesKivfly  high  Hood  pressure^  the  nitrites  generally  increase,  »ine'| 
times  quite  considerably,  the  e-xcretion  of  urine,  nitrogen,  total  solids  and  pbeoof" 
sulphonephthalcin  (Lawrence,  igu). 

Ptessure  of  the  Cerebrospinal  Fluid.— This  is  increased  by  amyl  nitrites, 
8umal)lv  through  the  methemoglobin  asph>Tcia  (Dixon  and  Halliburton,  1913,  igu) 

Metabolism. — The  effects  have  been  studied  by  Surveyor,  1906. 

Temperature.— Small  doses  have  no  effect  on  normal  teraperaittrdi 
but  are  oniipyrelk  in  fever,  by  dilating  the  skin  vessels  (Jacobj.  igijW 
Krauss,  1913).  Ethyl  Nitrite,  as  *' Sweet  Spirits  of  Niter,"  has  l>een  U5e« 
popularly  as  a  diaphoretic  and  diuretic.  Its  action  is  not  very  energetic 
Large  doses  of  nitrites  also  lower  the  normal  temperature  by  depressing 
the  circulation. 

Fate. — Some  60  to  70  per  cent,  of  the  nitrites  disappear  in  the  bod^* 
their  fate  being  unknown. 

Rapidity  and  Duration  of  Action. — This  constitutes   the  princi[ 
difference  between  the  members  of  the  group.     Amyl  nitrite;  when 
haled,  acts  in  ten  to  fifteen  seconds,  the  action  disappearing  again  wit 
seven   minutes.     Glyceryl   trinitrate,  ethyl   nitrite,  and   sodium   nitnM 
act  in  two  to  ten  minutes,  the  action  persisting  a  half  to  two  hours.    Wil 
erythrol  nitrate,  the  effects  appear  only  after  half  an  hour,  and  last 
hours  (Wallace  and  Ringer.  1909;  E.  Matthew,  1909;  Rzenkowski,  i< 
J.  L.  Miller,  1910). 
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The  foUomng  table  from  Matthew  shows  in  detail  the  average  relation  for  oral  ad- 
nnistration  in  man.  (The  fall  in  diastolic  pressure  is  about  half  of  that  in  the  systolic 
rcssurc;  Lawrence,  iqij.) 


DruK 


DosafiC 


Pidl     I    Muiinoi 
bocint.  fall 

minutet       reached 


Spir.  glyceryl  oitrmtis a-j  minimv 

Sodjom  mthte. a-j  RTmiiis 


Emhrol  tetranitnite- 

Mannitol  beaanitrate 

Kap  nitriic  by   inhtilatimi 
IW«llatre  and  Ringer).     .  . 


H  to  I 

ffram 

I  grain 

jj  minims 


5  minutes 
IS  minutes 


13  minutes 
*}^~3  haun 


3  minatM 


Maximum 
main- 
tained 


2  minute* 
JO  to  6o 

minutes 

3  houn 
3  hours 


Return 

to 
normal 


H  hour 
i-a  hours 


5-6'  hours 

6  hour* 

7  minutes 


BRtont' 
of  fall 

(mm. 

Hg.) 


»S-30 
3» 


'  Systolic  blood  pressure. 


Influence  of  Dosage. — The  extent  of  the  fall  increases  with  ihe  dosage, 
the  increase  becoming  progressively  smaller.  The  duration  of  the  action 
is  not  so  much  inlluenced  by  the  dosage. 

Influence  of  Pathologic  Conditions. — The  average  cfTect  is  ahoul  the 
same  in  disease  as  in  health.  In  cases  of  abnormally  high  blood  pressure, 
the  absolute  fall  is  greater^  but  the  percentile  fall  and  the  duration  are 
the  same  (Wallace  and  Ringer). 

Idiosyncrasy. — Different  patients  vary  considerably  in  their  reaction, 
and  some  fail  entirely  to  respond  to  the  nitrites;  especially  those  with 
dironic  Bright's  disease  and  edema,  but  also  in  otlier  conditions.  Some- 
limes  one  member  of  the  group  will  succeed  when  another  fails.  No 
result  need  be  expected  if  the  arterial  fibrosis  has  destroyed  most  of  the 
tniiscular  fibers.  The  tolerance  is  often  very  marked.  In  other  patients, 
even  «miall  doses  caused  alarming  syncope  and  cardiac  slowing.  The 
severity  of  the  headache  is  also  variable. 

Habituation. — This  usually  occurs  more  or  less  if  the  administration 
ol  nitroglycerin  is  continued,  often  in  two  or  three  days.  The  dosage 
must  then  be  increased  or  the  response  disappears.  Suspension  of  the 
administration  for  a  few  days  may  restore  the  susceptibility.  Matthew 
daims  that  the  tolerance  is  not  acquired  with  sodium  nitrite  or  cr>'throl 
irtranilrate. 

Therapeutic  Use  in  Arterial  Hypertonus.-  The  nitrites  are  employed 
mainly  for  reducing  the  blood  pressure  in  conditions  of  arterial  hypertonus. 
The  effect  is  not  curative,  but  the  symptomatic  relief  of  the  headache, 
etc.,  is  usually  marked,  outlasting  the  blood-pressure  eflfect  of  the  single 
doses.  However,  they  usually  lose  their  efficiency  after  a  short  time. 
Fncreasing  the  dose  generally  produces  unpleasant  symptoms — headache, 
restlessness,  sometimes  dyspnea.  They  must  therefore  generally  be 
alicmaied  with  venesection,  sweating,  nauseants,  etc.  The  effect  of  these 
Hosually  less  marked  but  more  lasting  (J.  L.  Miller,  1910;  C.  H.  Lawrence, 
1912).  Nitroglycerin  and  sodium  nitrite  appear  to  be  the  most  useful; 
Ac  action  of  amyl  nitrite  being  too  brief,  whilst  er>'throl  tetranilrate 
iften  causes  intense  headache.  Sodium  nitrite  is  said  to  give  least  head- 
che  (Hewlett.  1912). 

R Administration  and  Dosage. — The  dosage  of  the  nitrites  should  be  kept 
|dw  as  possible,   10  prevent  the  rapifl  development  of  tolerance.     It 
best  to  give  just  enough  to  cause  a  slight  quickening  of  the  pulse^  and 
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feeling  of  fulness  in  the  head;  or  a  fall  of  systolic  pressure  of  about  30  mm. 
This  dose  may  be  given  four  limes  a  day.  The  initial  dose  may  be  0.5  mg. 
(^loo  p-.)  of  nitroglycerin^  increasing  gradually.  The  equivalent  doses 
of  the  other  nitrites  are  shown  on  page  457.  The  treatment  may  be 
intermitted  for  a  few  days  in  every  two  or  three  weeks,  starting  again  with 
a  smaller  dose.  Hypodermic  injections  are  rarely  needed,  tie  drugs 
being  readily  absorbed. 

Cardiac  Insufficiency. — The  relief  of  the  heart  from  excessive  rcsistancf 
may  render  nitrites  useful  in  these  conditions.  Nitroglycerin  (i  mg,l 
is  used,  generally  in  combinalion  with  Digitalis. 

Angina  Pectoris.^ The  inhalation  of  amy!  nitrite  was  introduced  by 
Lauder  Brunton  in  1867.  In  some  cases  (presumably  with  spasm  of  tht 
coronary  arteries)  the  relief  is  complete;  in  others,  probably  of  differcn! 
pathology,  it  is  ineffective.  One  Lo  3  drops  of  the  promptly  acting  amyl 
nitrite  arc  inhaled.  It  may  be  carried  in  thin  glass  capsules,  "pearls," 
one  of  which  is  crushed  in  a  handkerchief,  as  needed. 

Ingalls  and  Meeker,  iqiR,  prefer  a  nitroglycerin  tablet  of  ^{qq  gr.  diMohTd  under 
the  tongue.  Tliis  generally  acta  in  i  to  3  minutes.  If  it  fails,  they  repeat  the  dost 
every  few  minutes  until  relieved. 

They  found  that  sodium  nitrite  often  diftturbfi  the  stomach  after  a  few  doses. 

They  believe  that  death  in  angina  is  generally,  due  to  vagus  arrest  of  the  heart; 
and  that  the  nitrite  fall  of  pressure  saves  life  by  inhibiting  the  vagus  center.  There  b 
no  definite  e\'idence  for  this  suggestion. 

Migraine  sometimes  >ields  to  nitrites,  presumably  in  those  coses  attributed  to  spun 
of  the  cerebral  arteries.  EpiUpsy  is  also  said  lo  be  sometimes  benefited.  Kelid  ol 
laid  colic  (Ric^el.  1S7S)  has  been  claimed,  but  the  efficiency  is  at  l>rst  unreliable. 

Interrul  Hemorrhage. — The  lowered  blood  pressure  would  tend  to  arrest  hemorrhifc 
but  the  bleeding  wou!<l  be  favored  by  the  direct  dilator  action.  The  resultant  of  tbor 
opposite  tendencic?  i*5  difficult  In  foresee,  and  probably  varies  with  different  condition*. 
Nitrites  would  thtref^jre  be  unrelialjle  remedies.  Experimentally,  Frcy,  1909,  found* 
slight  increase  of  pulmonary  hemorrhage;  Lisin,  1907,  claims  diminution  of  intcMiioI 
hemorrhage. 

Ca^Uary  hemorrhage  from  super fuial  wtniruis  is  increased  by  the  6>'5lcmic  admiaU' 
tration  of  nitrites,  notwithstanding  the  fall  of  pressure  (Hanzlitc.  1918). 

Untoward  Effects. — Occasionally,  therapeutic  doses  may  cause  faint- 
ing. Other  side  actions  which  may  occur  are  localized  edema,  cxcessi^•f 
sweating,  and  visual  disturbances  (Cornwall,  1913). 


Toxic  E£feGts.— Nitroglycerin  has  a  toxicologic  importance  from  its  use  as  u  explo- 
sive.     Overdohes  produce   iiau!>ea,   vomiting,  colic,  and  sumeliroes   bloody  dinrTwi' 
The  skin  is  llushecl  and  perspiring.     There  is  vertigo  and  persistent  throbbiiu-  ■      '    ' 
rarely  blindness  and  delirium.     The  respiration  is  first  hyperpncic,  then  d' 
slowed.     The  surface  becomes  cold  and  cyanotic;  the  pulse  is  gradually  slowc<l,  uj'-i-  i- 
and   intermittent.     Paralysis   sets   in,   and   is  followed   by  clonic   convulsions.    Tbe 
refiexes  are  lost.     Death  occurs  by  failure  of  respiration,  after  foiur  10  seven  houn. 
The/aW  dose  varies  greatly.     O.  D.  Stewart,  Kios,  reports  a  patient  in  wbom  sof^j 
of  absolute  nitroglycerin  produced  only  slight  effects. 

Nitrite  poisoning  may  be  caused  by  large  doses  of  bismuth  suhnitrate  (see  ln<lext 

Absorption. — Nitroglycerin  is  readily  absorbed.  Kvcn  the  application  of  it  lo"*^' 
skin  causes  some  effect,  ami  jversons  engaged  in  its  manufacture  .suflFcr  sea-crrly  ii 
headache  during  the  first  few  da)*?.  After  this,  however,  they  appear  10  be  qmt 
unaffected,  unless  they  leave  work  for  several  weeks  and  then  resume  the  occupatic 
The  wt>rk  is  said  to  be  not  unhenlthful.  The  loral  action  on  the  hands  may  rrsalt 
skin  eruptions  and  ulcerations. 

Smokeless  gunpowders  (nitroglycerin,  nitrocellulose,  etc.),  when  exploded.  Ubcral 
gases  which  product   the  combined  effects  of  nitrites  and  asphyxia.     The  priw' 
products  are  NOs  (nitrogen  perwxid)  and  CO  (Kiefer,  1005).     The  vasodtUtion 
tachycardia  arc  followed  by  persistent  headache  ("powder-headache"),  which  doc* 
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yield  to  acetanilid,  etc.,  but  is  best  treated  by  strong  cofiee,  und  poultices  applied  to  the 
loclt  'if  the  neck. 

Sodium  nitrite  produces,  in  animals,  symptoms  similar  to  those  of  nitroglycerin 
(Dosstn,  loii). 

Aznyl  nitrite  also  has  simitar  effcctsC  Rosen,  tS88). 

PREPARATIONS — NITRITE -CROUPS 

*Amyiis  Mtris  (Amyl.  Xitrisl,  U.S.P.;  Amyl  NUris,  B.P.;  .\myl  Nitrite.— A  liquid 
containing  not  less  than  80  per  cent,  of  CiHijNOs  (chiefly  iso-amyl  nitrite).  A  clear, 
ydiowish  liquid;  peculiar,  ethereal  fruity  odor;  pungent  aromatic  taste.  Almost  insol. 
^  in  water,  miscible  ^Wlh  ale.  or  eth.  Amyl  Nitrite  is  veo'  volatile  even  at  a  low  tem- 
pcntiire,  and  is  inliammablc.  Dosc^  by  inhalation.  0.2  c.c,  3  minims,  U.S. P.;  0.12  to 
0.3  c.c,  i  to  5  minims,  B.P,  It  may  be  carried  in  thin  glass  capsules,  "pearls/*  one  of 
wbjch  is  tnishcd  in  the  handkerchief  as  needed. 

Ktyikroi  Tctranitrate,  N.N.R.  (Tetranitrol),  C4HB(N0a)<- — Colorless  and  tasteless 
cTvsUls  sol.  in  ale,  insol.  in  water.  Dangerously  explosive.  Dost,  0.03  to  0.06  Gm., 
^3  to  I  gr.    N.N'.R.,  in  tablets  of  0.03  Gm. 

U^.  Ethyl  XUrii.,  3. P. — 2.5  to  .^  per  cent,  of  C3Ht.NO|in  alcohol.  Dose,  i  to  4  c.c.i 
15  to  60  minims.  B.P. 

'Spiritus  .'Etkcrii  Nitrosi  (Spir.  Aeth.  Nit.),  U.S.P.,  B.P.;  Spirit  of  Nitrous  P:ther 
^  ^Sntet  Spirit  of  Niter). — An  alcoholic  wilution  of  ethyl  nitrite,  C?H»NOj.  containing 
ibout  4  per  cent.,  U.S.P.;  2  per  cent.,  B.P.  (U  also  contains  aldehyd,  paraldehyd 
ud  ethyl  nitrate;  but  these  do  not  contribute  materially  to  its  action;  Marshall  and 
Gilchrist,  1915).  A  pale  yellowish  liquid,  of  ethereal  odor  and  sharp  taste.  Miscible 
■ith  water  and  alcohol.  Deteriorates  readily.  Incompatible  with  antipyrin,  morphin 
Andiodids.  Brownish  color  with  salicylates;  slight  effervescence  with  uva  ursi,  buchu, 
lad  occtalcs.  The  addition  of  water  throws  ethyl  nitrite  nut  of  solution,  which  then 
CTiponitcs  rapidly,  lowt-ring  the  strength.  Dilution  should  therefore  be  made  shortly 
Wore  administration  (Marshall  and  Gilchrist,  1915).  Dose^  2  cc,  30  minims,  U.S. P.; 
I  to  4  c.c,  15  to  Oo  minims,  B.P. 
,  *SpirUtis  Glyterylis  Niiratis  (Sp.  Glyceryl.  Nit.),  U.S.P.;  Li^.  Trimttini,  B,  P.; 
Spdit  of  Glyccrj-I  Trinitrate;  Solution  of  Trinitrin  (Spirit  or  Solution  of  Nitroglycerin 
w  Olonoin). — An  alcoholic  solution  of  i  per  cent,  of  CaH»(NOi)i.  A  clear  colorless 
^uitl.  with  odor  and  taste  of  alcohol.  Miscible  with  water  and  alcohol.  Dose^  0.05 
tc,  1  minim.  U.S. P.;  0.05  to  0,12  c.c,  fv  to  2  minims,  B.P. 

TuW/iT  Trinilrini  (Tab.  Trinitrin.),  B.P. — 0.5  mg.,  ^i^o  gr.  Dose  1  or  2  tablets. 
The  fommcrcial  tablets  are  fairly,  although  not  quite  uniformly,  active.  They  do  not 
drtcriorate  very  rapidly  (Edmunds  and  Roth,  1908;  Rippctoc  and  Smith,  1014). 

'iW.  XUris,  U.S.P..  B.P.;  Sodium  Nitrite,  NaNOj.— Freely  sol.  in  water  (1:1.3). 
^•»,  0,06  Gm.,  1  gr.,  U.S.P.;  0.03  to  0.12  Gra.,  ^  to  3  gr.,  B.P.  Maximum  dose,  o.j 
K  5  gr. 


THE  DIGITALIS  GROUP 

General  Statement.—Digitalis,  Strophanthus,  Squill,  Apocynum. 
Barium,  and  a  number  of  other  drugs  increase  the  tone,  excitability  and 
wniractilily  of  cardiac  and  arterial  muscle.  The  vagus  center  Ls  also 
stimulated.  With  therapeutic  doses,  these  actions  result  in  slower  but 
iwe  powerful  beats  of  the  heart,  which  bring  al>out  compensation  in 
^^vular  cardiac  lesions  and  thus  relieve  the  symptoms — the  irregularities, 
wlonas,  congestions,  dyspnea,  etc.  Under  these  conditions,  there  is 
«ilen  marked  diuresis.  The  blood  pressure  is  generally  unchanged  in  man, 
usually  increased  in  animals. 

!))€  effects  set  in  slowly  on  oral  administration;  almost  immediately 
^n  intravenous  injection.  They  lend  to  be  cumulative,  and  to  outlast 
*lu:  administration  for  a  considerable  time. 

Toxic  doses  produce  vomiting,  cardiac  irregularity,  and  sudden  heart 
^^ure.  The  recognition  of  these  toxic  effects  is  important  since  they 
^Icn  arise  from  the  cumulative  action. 
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The  members  of  the  group  are  local  irrilants.     Their  hypodermic 
injection  is  painful.     Their  absorption  from  the  gastro-intestinal  canal  ■ 
is  slow  and  often  uncertain.  ■ 

The  active  principles  are  generally  neutral  glucosids.  and  therefore 
rather  unstable,  especially  in  acid,  aqueous  solutions.  Digitalis  contains 
several  distinct  glucosids  with  similar  actions,  of  which  the  crystalline 
Digitoxin  is  the  most  definite.  The  various  **sirophanthins"  are  derivwl 
from  several  plants.  They  are  chemically  related,  but  differ  in  acliviiy 
and  toxicity  according  to  their  origin. 

All  the  characteristic  digitalis  effects  are  produced  by  all  the  members 
of  the  group,  so  that  a  single  description  will  suffice.  The  difference* 
between  ihem  are  only  quantitative.  So  far  as  they  arc  known,  ihey 
will  be  pointed  out  as  occasion  arises. 


Drugs  Producing  Dieitalis  Eflfects. — A  considerable  number  nf  ihugi^  conuining 
glucosia^  with  "digitalis  '  action  are  used  in  medical  practice;  such  as  Digitalis.  Stro- 
phanthus,  Squill,  and  Apocynum.  Of  less  practical  importance  are  Hcllclioru&.  Adoni». 
Convallaria,  Oleander,  Cheiranthus,  etc.  Digitaloid  glucosids  are  impttrtant  con- 
stituents of  arrtnv- poisons;  viz,,  strophanthin,  ouabain,  antiarin,  acocantlierin,  elc 
(Trendclenburg,  lyog).  The  toxic  principles  found  in  the  skin  and  blood  of  the  com- 
mon toad  (Bufanin  and  Bufotalin)  nrnduce  t\'pic-al  digitAli5t  effects.  They  appear  to 
be  non-nitroRenou&  derivatives  of  cholestcrin  (review,  Faust,  iQio).  A  very  sitniLu 
principle  (Bafagin)  is  contained  in  the  "parotid'*  glands  of  the  tropical  toad,  Bufi 
agua  (Abel  and  Macbt,  igti).  Frogs'  skin  also  has  a  similar  but  much  weaker  action 
(Fuehner,  1910). 

Handovsky,  1020,  describes  an  alkaloid  "  Bufotenin,"  from  the  skin  of  the  common 
toad.  It  stimulates  the  vagus  center,  but  paralyzes  the  respiration,  brain  and  cord 
Peripherally  it  produces  direct  stimulation  of  all  smooth  muscle. 

Eryihropitlfin,  a  glucosidal  alkaloid,  can  be  counted  in  the  group.  Other  alkabids— 
vcratrin,  cnfTein,  curin,  epinephrin^rcmind  somewhat  of  digitalis,  but  are  not  lypicaL 
Barium  salts,  alkaline  hydrates,  and  even  normal  saline  sf>lution5  produce  cardii^ 
ttclion<*  which  resemble  digitalis,  but  the  rcsemblance  may  only  be  superficial. 

Active  Constituents  of  Digitalis. — These  comprise  a  number  of  gluco- 
sidal principles,  of  which  digitoxin  and  its  congeners  are  the  most  tmpor- 
Unt. 

Well-defined  chemic  principles  were  first  isolated  by  Schmiedeberg.  1S75;  his  rcsultt 
were  generally  confirmed  and  extended  by  Kitiani,  1S90  to  iHgg;  but  our  Knowledge  ill 
still  incomplete  and  the  nomenclature  confusing.     Some  if  not  all  of  the  amorpoooij 
products  are  probably  mixtures.     The  different  glucosids  yield  characteristic  dccoir»; 
position  products.     Merck,  1012,  in  his  "Reports,"  vol.  25,  Kraft,  tqis,  and  Kilij"' 
IQ13,  igi4,  fii\'c  ti  5ummar>'  of  our  present  knowledge 

Pure  Principles. — These  can  be  conveniently  divided  into  four  classes: 

1.  Crystalline;  alcohol-soluble;  Digitoxin,  Schm.,  Kil.'*  CjiHuOn- 
This  is  the  best  defined,  most  abundant,  most  active,  and  therefore  the 
most  important  of  the  constituents  of  the  leaves  (0.32  to  0.4  per  cenL)bul 
does  not  occur  in  the  seeds.  It  forms  crystals,  readily  soluble  in  alcohol, 
or  chloroform,  difficultly  soluble  in  water  or  ether.  It  can  be  split  into*] 
hexose  (diptoxose)  and  the  crystalline  di^itoxigenin  Kil.  It  is  easily 
destroyed  by  ferments.  It  produces  all  the  characteristic  digitalis  effect*, 
but  some  of  the  undesirable  side  actions  are  too  prominent. 

DigHophyllin,  Kii.,  is  a  simiUr  crystalline  principle  of  the  leaves.  AHhydropi<J^'*' 
Kraft,  is  also  a  closely  related  constituent  of  Dij^italis  infusions. 

2.  Amorphous;  alcohol-soluble:  Digitaiin  Vcrum,  Schro.,  Kil..  Ca- 
HjgOu-    Occurs  in  the  leaves  and  seed.     Slightly  soluble  in  water,  chloro- 

<dchm.*8chmie<lrtx!rK.  Kil.-KtlUnt. 
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form  and  elher.  Splits  into  dextrose,  digitaligenin  and  digitalose  Kil. 
Produces  typical  digilalis  tffecls,  being  about  half  as  active  as  digitoxin. 
The  name  *'digitaUn"  is  often  misapplied  to  other  products  and  mixtures. 

3.  Amorphous;  water-soluble:  Digiialein,  Sthm.,  Kil.;  Gi/<//in.  Kraft, 
1911,  1912;  and  Di^alen,  CloetLa.  are  probably  mixtures  (Kiliani.  19x3, 
1914)  of  related  substances.  They  occur  in  the  leaves  and  seed.  Insolu- 
ble in  chloroform.  They  produce  digitalis  effects.  (The  name  *'digi- 
talein"  was  formerly  also  applied  to  other  products.) 

4.  Water-soluble  saponins:  Di^itonin  (I>igit5aponin)\  this  occurs  in 
a  crystalline  and  amorphous  form.  The  cr\"5tallinc  is  less  readily  soluble 
in  water.  Both  are  only  slightly  soluble  in  alcohol  and  lipoid  solvents. 
The  cr>^stalline  Digilonin  Kil.  was  considered  a  definite  substance,  which 
can  be  split  into  a  hexose  and  digitogenin;  but  Windaus  and  Schnecken- 
bcrger,  igi.s,  consider  it  a  mixture,  from  which  they  have  \so\aled Gitonin. 
The  amorphous  Digilonin  Srhm.(Digitsaponin,  Kraft)  is  probably  a 
mLxiure  of  the  crystalline  with  several  amorphous  saponins  (Kraft). 
The  digitonins  arc  precipitated  by  tannin;  they  combine  with  many 
alcohols  and  phenols  to  cr>'stalline  compounds.  Di^itonin  docs  not  pro- 
duce the  digitalis  effects  but  has  the  irritant  and  hemolytic  properties  of 
the  sajjonin  group.  The  digitsaponins  of  the  leaves  are  not  hemolytic 
(Robert,  191 3). 

Chloroform  S e paraiion. —Yioi  water  extracts  all  the  active  constit- 
uents from  digitalis  leaf.  When  the  infusion  in  turn  is  extracted  by 
loroform,  a  part  of  the  active  principle  p;isscs  into  the  chloroform,  and 
part  remains  in  the  water.  The  chloroform-soluble  fraction  is  much 
more  absorbable,  and  therefore  more  uniformly  active,  than  the  water- 
soluble,  and  is  therelor  promising  therapeutically.  It  has  the  properties 
oi  digitoxin,  presumably  in  some  combination  (Hatcher,  1919,  1920; 
Eggleston,  1920). 

(.iilhcns,  iQJo.  states  that  the  chloroform  soluble  principles,  for  instance  digitonn 
tnil  "iigiuipliyllin.  represent  about  l;t  of  tlic  jtllvc  jiriiiciple  of  the  Itaf;  the  remainder 
l«Jig  alrnhnl  ami  vv.ttcr  soluble,  »,r.,  Hi^itnletn. 

Inactive  Principles.— A  number  of  these  ha\-e  been  isolated,  such  as  the  cr>*stalline 
ihicasid  ^iiiu  and  digin^  Kraft,  igi:,  from  the  leavt's. 

Commercial  Digitaiins. — These  are  impure,  often  variable,  mixtures 
of  digitalis  principles.     The  following  are  the  most  important  varieties: 

Ihlitiilin  *'  Amorphous;^'  Kenerally  means  French  ur  BelKiaii  tJiKitattn  (digilalinc 
<hiimitarmiquc);  uncertain  composition;  insoluble  in  water  (perhaps  mainly  Digitalin, 
Sdim.l. 

D^Uaiin  *^ Crystallized;"  objectionable  synonym  for  Digitonin;  for  N'aliveUe 
fFrnnrhi;  and  for  Digitoxin. 

~    H'jJin    "  ilomoUe;"   mixture   of  glucosids;    mainly   true   Digitalia;   practically 

iv  in  water. 
ch^italin  *'^.\'aiiiYll<::"  c:r>*stftHine,  probatily  mainly  Digitoxin  or  Digitophyllin. 
Oi^iStilin  ''German;"  amorphous  mixture  from  seed;  contains  principally  Digitonin 
J50  to  60 per  cent.)  and  some  Uigitalin  verum  (5  to  6  per  ccnLJ,  and  DigitaljUn.     Soluble 
%  Mrater  or  alcohol. 

Galeoic    Digitalis    Preparations.— The    marked    dtflFcrences    in    the 
oiubiliiy  of  Llie  pure  priiiiiplcs  is  much  less  important  in  the  galenic 
(reparations.     Even  digitoxin   is  largely  extracted   from   the  leaves  by 
^ler.  presumably  by  the  solvent  action  of  the  digitonin;  so  that  a   1:10 
sion  contaitis  at  least  two-thirds  of  the  digito.xin  of  the  leaf.     The 
is  of  the  infusion  and  tincture  are  therefore  nearly  equivalent.     The 
n  is  practically  inferior  because  of  its  more  rapid  deterioration. 


■^ler. 

j^Bfusio 
^■ects 
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Variations  in  the  alcoholic  strength  of  the  menstruum  between  35  and  95  per 
make  little  difference.  The  fiuidextract  is  unreliable,  being  sometimes  only  ihr 
times  as  activu  as  the  tincture,  instead  of  ten  times,  as  it  should  be  theoretically  (Ha, 
191 1}.  Glycerin  extracts  are  inferior  (Rippetoc,  1910).  Acidified  extracts  ore 
and  unreliable  (Pearson,  1913). 

Powdered  digitalis  is  often  used,  but  is  rather  more  irritant, 
things  considered,  a  good  standardized  Tincture  is  still  the  best  and 
reliable  preparation. 

Deterioration  of  Digitalis. — The  principles  arc  stible  when  dry  or  in  alcoholic 
tions;  but  like  all  gtucosids,  they  are  subject  to  decomposition  in  the  presence  of  wsi 
especially  by  bacteria,  moulds  or  adds.  This  results  m  loss  of  activity;  there  is  Uti 
evidence  for  the  statement  that  the  toxicity  is  increased.  J.  Locn^',  1906,  claimed  tk 
an  infusion  lost  nearly  is  p<;r  cent,  of  its  activity  by  standing  twenty-four  houi|i 
room  temperature;  but  Hatcher  and  Eggleslon,  1915,  found  it  practically  unchoij 
8  week  or  longer  under  ordinary  conditions.  The  addition  of  alcohol  is  not  nccessat 
Acids  are  incomp*Uihlc  with  the  difiitaloid  gltuosids,  although  they  have  been  eniplorf 
in  some  of  the  preparations,/.!.,  of  Squills.  '' 

W.  Straub,  1916,  finds  that  the  splitting  of  the  sugar  from  the  digitaloid  glu( 
lowers  their  to.xiaty  (for  frogs)  relatively  little;  but  this  docs  not  necessarily  prove 
they  retain  the  cardiac  actions  unimpaired. 

Tindurcs  and  other  preparations  containing  at  least  50  per  cent,  of  alcohol  gem 
keep  satisfactorily,  their  deterioration  averaging  perhaps  10  per  cent,  per  year  (Ha 
Ion,  1918).     However,  there  are  marke<l  discrepancies.     ("Sharp  and  Lankastcr,  c( 
Hale,  1911;  Symes,  1913;  Pittenger  and  Mulford,  J918;  Hamilton,  1918).    Th«^a 
temperature  is  a  material  factor  fNewcomb,  1918). 

The  dry  Itaves,  so  long  as  they  arc  not  mouldy,  keep  indctiniiely  (Sharp  and  Lankastc 
Hatcher  and  Eggleston,  1913),  without  the  necessity  of  the  elaborate  precautions  m 
vocated  by  Focfc,  1906.  They  are  not  injured  by  heat  of  i2o°C.  but  suffer  above 
(Fiale,  19x1). 

Chemistry  of  Strophanthins. — The  strophanthins  are  glucosids,  dt 
ing  quantitatively  in  their  actions  (even  the  similarly  named  commer 
specimens,  Heffter,  igog).  Confusion  exists  as  to  the  identity  and  reli 
tions  of  the  several  kinds  found  on  the  market  and  isolated  by  differcr 
investigators.  This  is  due  partly  lo  incomplete  knowledge  of  the  plant 
partly  to  ignorance  of  the  constitution  of  the  substances;  and  largel 
also  to  careless  nomenclature.  They  are  sometimes  denoted  by  prefi 
the  first  letter  of  the  s[>ecies  from  which  they  are  obtained, /.t.,  g-strop 
Ihin  from  S.  gratus,  etc. 
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The  numerous  species  of  Strophanthus  (Apocynacea*)  and  other  plants  were 
by  the  natives  of  Africa  for  the  manufacture  of  arrow- poisons.  The  o^iat  mwJu 
are  the  seeds  of  Strophanthus  Komb^  (U.S.P.,  B.P).  and  S.  hispidus  (U.S.P.).  The  sut 
phanthin  originally  isolated  by  Fraser,  1870,  was  the  amorphous  Komb£  variety  iGil) 
1904).     The  following  outline  is  based  mainly  on  the  paper  of  Heflftcr  and  Sachs,  igi. 

Strophanthm  amorphousfStroplianthin-Boehringer)  is  the  official  strophanthii 
It  occurs  in  the  Kombi  and  hispidus.  The  two  are  very  similar,  probably  identia 
Komb£  further  yields  a  cr>'stalline  strophanthin  (HouRhlon,  191 1;  Rrauns  and  Closm 
1913,  1914)  which  is  very  similar.  Tne  amorphous  is  slightly  more  toxic  for  rabWl 
than  the  cr>'5talline  Komb6.  All  three  are  hjTlrolyzed  by  acids  with  the  product^ 
of  the  cr>-stnllinc  Strophanthidin,  CitHmOt.  This  is  several  times  more  tcric 
strophantiiin,  and  produces  similar  cardiac  action,  but  with  greater  tendency  to 
tory  paralysis  (Groeber,  1913).  The  crude  drugs  Komb£  and  hispidus  are  about  eqi 
active. 

Ouabain,  gratus  Strophanthin-Thoms;  Cr>'stalli/ed  Strophanthin-Mi 
CNHjtOii  -f  pHjO. — This  is  the  only  "Cr>-stalline  strophanthin"  on  the  market. 
is  the  best  characterized  of  the  principles.  It  does  not  yield  strophanthidin.  It 
first  isolated  by  Amaud,  1S88,  from  the  wood  of  Acocanthera  Ouabaio;  and  by  the 
investigator.  1R98,  from  S.  glabcr.  Later,  1910,  Thorns  obtained  it  from  S.  gi 
which  was  found  to  be  identical  with  glaber.  This  is  more  readily  obtained  gem 
than  the  other  Strophanthus  species.     Strophanthin  has  been  described  as 
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lin;  and  acocantherin  as  dimcthyl-ouabain ;  but  the  evidence  for  these  views  is  not 
C€>£kvincing  (Brauns  and  Closson).  Oualmin  is  about  twice  as  toxic  as  strophanthtn; 
xxvci  this  is  twice  as  strong  as  acocantherin.  S.  ^raius  also  contains  a  second  amorphous 
strophanthin  (Thorns).  The  "pseudo-strophuithiDS**  of  Feist  were  probably  ouabain, 
bia  t  their  identity  is  now  obscure. 


DIOrTALIS  ACTIONS  ON  THE  CIRCULATION 

The  effects  of  diRilalis  may  be  divided,  especially  in  mammals,  into 
two  well-defined  stages,  the  therapeutic  and  toxic.  The  t>'pical  phenom- 
ena of  the  two  stages  are  shown  in  Fig.  18. 

Preliminary  Fall  on  Intravenous  Injection. — During  the  intravenous  injection  o( 
"liK^taiis,  the  pressure  falls  shar^ily  (<j '.  probably  on  account  of  the  local  irritant  action 
on  the  heart.  This  does  not  occur  in  tiic  other  methods  of  administration.  The  fall 
U   not  at  all  lasting  (Blake,  1839). 


Jho.  t8. — Digitatu  on  blood- pressure,  dog.  The  upper  tracing  is  taken  on  a  very  ilpwly  moving 
onun.  to  ihow  the  succeaiivc  effrctt.  The  lower  tracing  is  tAken  with  a  fa»ter  i(>c«d.  The  vriticai 
'"^  mdicatc  the  corresix>ndence  of  the  fast  and  alow  tracings.  The  upper  abscissa  oorrespondi  to 
t£f  nritciiul  mean  pressure;  the  lower  abscissa  to  sero  pressure.     The  digitalis  ts  Injected  at  a,     (See 

The  therapeutic  stage  (Fig.  18,  ft  and  c)  is  characterized  by  a  slower, 
'uUer  pulse,  due  to  the  stimulation  of  the  vagus  mechanism  (centra!  and 
P^riphcrai),  and  of  the  cardiac  muscle.  The  cardiac  efficiency,  the 
output  per  beat  and  per  minute,  are  increased.  This  tends  to  raise  the 
Wood  pressure;  in  animals  this  tendency  is  supported  by  a  more  or  less 
powerful  vasoconstriction,  involving  particularly  the  intestines  and  liver, 
In  man.  the  blood  pressure  is  not  much  altered,  presumably  because  of 
^e  more  efficient  vasomotor  regulation;  nor  is  the  normal  human  heart 
usually  slowed  by  ordinary  doses,  although  the  conduction  of  auricular 
'ovpulses  is  delayed. 

The  modifications  of  these  actions  in  disease  \v\\l  be  considered  under 
'he  therapeutic  use.  Before  taking  this  up,  the  important  phenomena 
'Squire  a  more  detailed  presentation. 

The  Digitalis  Slowiog. — In  normal  mammals,  this  is  practically  en- 
tirtiy  vagal,  and  involves  almost  exclusively  the  vagus  center:  for  it  is 
«niost  completely  eliminated  by  section  of  the  vagi  (.\ckermann.  1873; 
KtJchtnann.  1906,  1909;  Etienne,  1909),  and  atropinized  animals  show 


464 


MANUAL    OF    PHARMACOLOGY 


practically  no  slowing.     The  slowing  produced  by  digitalis  in  ai 
fibrillation  is  a  different  phenomenon.     It  occurs  even  after  atropin^  i 
is  therefore  quite  peripheral  (Cushny  and  Mackenzie;  Gottlieb,  td 

The  different  digitalis  drugs  probably  differ  quaniiiatively,  in  the  degree  of  vj 
stimulation  (Kochmann;  Eiieune,  iqoq,  Ilaynes,  1906).  Tnis  might  be  of  pr&d 
importance  were  our  information  more  complete.  j 

Tfur  slowing  is  due  mainiy  to  dired  stimulation  of  the  wigus  centrr,  and  not  merq 
the  rise  of  blood  pressure  (as  was  supposed  by  A.  B.  Meyer);  for  the  slowing  occ^ 
the  clinical  cases  m  which  the  blood  pressure  is  unchanged  or  even  diminished  (Frail 
and  Schwaru,  1006).  Greene  and  Peeler.  igi5,  found  the  turtle  heart  slowed  or  stol 
when  digitalis  was  perfused  through  the  brain  only;  the  slowing  being  abolished 
dividing  the  vagi.  In  animals  the  rise  of  pressure  undoubtedly  contributes  ta 
slowing,  for  the  slowing  is  about  twice  as  great  if  the  pressure  rises  than  if  the  prcjj 
is  kept  just  level  by  hemorrhage  (KiKhmann,  igoO).  J 

Vogus  Stimulation  from   Kisc  of  Hlood  Prrssure. — It  is  well  known  that  the  tolj 
the  vagus  center  is  governed  largely  by  the  blood  pressure,  the  heart  being  slowed 
pressure  rises  and  quickened  when  the  pressure  falls  (Bernstein,  1HG7;  Verwom, 
The  slowing  on  rise  of  pressure  is  entirely  vagal,  for  it  does  not  occur  if  the  vagi  have 
divided.     It  is  also  absent  if  the  pressure  is  raised  in  the  cerebral  arteries  alone;  so 
the  stimulation  is  not  due  to  compression  of  tht:  brain,  but  to  a  reflex,  maitdy  fro 
heart  (Kochmann,  igoh). 

Persiitemr  of  Vagus  CaUer  Stimulation. — This  probably  persists  till  near 
but  the  heightened  contractility  of  the  cardiac  muscle  renders  the  heart  less  an 
responsive  to  inhibitory  impulses.  Vagus  stimulation  will  therefore  fail  to  slo 
heart  in  the  later  toxic  stage  (Liagre.  11306);  but  that  this  is  not  due  to  paralysis 
vagus  may  be  judged  by  the  fact  that  vagus  stimulation  still  weakens  the  bca 

Other  Phenomena  0/  Vagus  Slintulation. — The  heart  under  the  infl 
of  digitalis  exhibits  also  the  aUier  phenomena  of  vagus  stimula 
greater  dilation  in  diastole  and  lengthened  diastolic  pause;  tendcn 
exaggerate  the  respirator^'  pulse  variations;  lessened  diastolic  tone 
cned  conductivity,  lengthened  interval  between  auricular  and  ven 
contraction,  tendency  to  heart-block,  etc.  Some  of  these  tende 
become  important  in  pathologic  conditions  and  with  toxic  doses 
clinically  the  vagus  stimulation  seems  to  inhibit  most  strongly  wha 
function  of  the  heart  is  already  partly  depressed  (Mackenzie). 

Effect  on  the  Amplitude  and  Output  of  the  Heart—  In  virtue 
vagus  stimulation  produced  by  therai>eulic  doses  of  digitalis,  the  diaa 
excursions  of  the  normal  heart  are  more  nearly  maximal,  and  the  dias 
pause  is  prolonged,  thus  facilitating  the  influx  of  blood.  With 
vagus  stimulation,  the  systolic  contraction  is  less  complete  so  that 
output  i:>er  beat  is  often  reduced,  and  the  output  per  minute  is  all 
diminished  (unless  the  rate  has  been  extremely  rapid;  Y.  Hendei 
190Q).  With  digitalis,  however,  the  muscular  stimulation  makes 
systolic  excursion  also  more  complete,  so  that  the  heart  is  both  b 
filled  and  better  emptied  (Cushny,  iSgj).  The  output  per  beat  is  tl 
fore  greatly  increased;  the  "pulse  pressure"  or  "pulse  volume**  \ 
proved.  This  increase  more  than  offsets  the  slowing,  so  that  the 
output  is  also  increased  (Cohn  and  Levy,  1920^ 

The  incrtased  output  per  beat  amounted  to  50  per  cent,  in  the  cardiomcter  ea 
of  Cushny,  iSq;.  If  the  slowing  is  excluded  by  atropin,  the  timcoutfntt  would 
creased  proportionately.  If  the  slowing  occurs,  the  increase  would  be  proportJoi 
less;  but  in  the  therapeutic  stage  il  is  still  considerable — to  20  per  cent,  in  Cu< 
experiments.  Tigersted,  IQ07.  also  showed  with  the  strumuhr  that  the  output  is, 
ally  increased.  Heinz,  iqoq,  found  Uic  flow  uf  bluod  from  the  carutid,  at  a  coi 
pressure,  to  be  increased  by  50  to  250  per  cent.  Tlie  effect  would  he  the  greal 
weaker  the  heart  was  before  the  digitalis;  that  is,  the  more  removed  the  excucsioi 
from  the  physiologic  optimum. 
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Heart  Rate  in  Man. — Patients  with  auricular  fibrillation,  or  with 
■-dlTiamic  or  unstable  hearts,  respond  constantly  by  slowed  pulse  to 
|>r<iinar\'  doses.  Fairly  normal  hearts  are  slowed  only  by  large  doses, 
^_^  Gm,  per  day  for  five  to  seven  days.  This,  however,  is  due  to  blocking 
iff  the  auricular  impulses;  the  auricular  contractions  occurring  with  unre- 
duced or  quickened  rate.  The  origination  of  the  sinus  rhythm  is  there- 
Hore  not  slowed  by  digitalis,  except  in  adynamic  hearts  (Cohn,  IQ15). 
I  Aiuiculo-ventriciilar  Conduction  in  Man.^This  is  constantly  impaired, 
b^ing  an  early  and  positive  sign  of  digitalis  action.  It  may  be  observed 
vithin  forty-eight  hours,  and  increases  with  the  administration,  from 
ktmple  lengthening  to  heart-block.  After  withdrawal,  it  persists  generally 
ial>oul  two  days,  but  sometimes  two  weeks. 

I  Systolic  or  Muscular  Action  of  Digitalis. — The  increased  systolic 
.  excursion  must  be  due  to  a  direct  action  on  the  cardiac  muscle.  The 
I  study  of  its  fully  developed  features,  as  they  occur  in  the  toxic  stage, 
'  shows  that  digitalis  increases  the  contractility,  the  systolic  tone  and  tie 
i^Gtcitabilily  of  the  cardiac  muscle. 

^^^  ExIrasysloUs  are  produced  by  smaller  stimuli  in  hearts  under  the  influence  of  the 
f     therapeutic  and  the  smaller  toxic  doftcs  of  digitalis  fPletnew). 

Rdalive  Duration  of  Systole  and  DiaUoU. — In  the  digitalis  heart,  the  duration  of  the 
icttud  contraction  and  relaxation  are  practically  unchanged.  The  sfiecd  of  the  systolic 
contraction  is  somewhat  increased  (dcHecr.  1912).  The  slowing  occurs  mainly  in  the 
■diastolic  pause;  the  systolic  pause  is  also  lenRthened  a  trifle.  Atropin  removes  the  sys- 
tolic as  well  as  the  diastolic  slowing:  so  that  the  effect  is  entirely  vagal  (Cushny,  1H97) 
The  two  phases  behave  similarly  in  the  excised  and  perfused  mammalian  heart  (Hayncs). 
TUr  excized  mammalian  heart,  in  the  Iherapcntic  itage,  shows  practically  tlie  same 
phenomena;  except  that  there  is  much  less  slowing,  since  the  va^s  center  is  excluded. 
Tbc  dowins  is  diastolic  and  can  be  removed  by  atropin  I'Hayncs,  1906).  The  excur- 
sioru  nf  both  ventricles  are  increased  especially  in  systole,  so  that  the  energy  of  each  beat 
™*y  be  more  than  doubled.  The  linu:  required  to  produce  maximal  slowmg  is  an  hour 
lor  digitalis,  one-fourth  hour  for  stropbanthin  (Haynes).  Existing  irregularities  are 
ftmoitd,  and  a  librillating  heart  may  resume  regular  contractions  (Uedbom,  1898; 
t^nun  and  Mager.  iSqq;  Gottlieb  and  Magnus,  1903). 

Qardioelectrograms. — These   show  slowing  of  the  phases  and  pauses,  and  changes 

">  the  pcttlts;  the  latter  arc  increased  by  small,  lowered  by  large  doses  (  Bickel  and  Paw- 

■' -^  "M  0.     Rrvrrsiit  of  the  P'  and  T-ivaxv  often  occurs  early  auring  digitalis  treatment, 

lobably  a  -lign  of  the  muscular  action.    This  effect  is  also  produced  by  digitalis 

1  -  patients  fCohn,  19:5;  H.  W.  Stevens,  IQ16;  HaUey,  IQ17;  Wilson,  1Q18),  and 

'■tion  of  the  vagi  (Robinson  and  Wilson,   1918).     These  electrocardiographic 

.  .-  can  be  produced  typically  and  immediately  in  dogs  by  the  intravenous  injection 

''  jo  per  cent,  of  the  minimal  fatal  dose  of  the  digitalis  substances;  this  being  supposed 

")  correspond  to  the  therapeutic  dose.     They  do  not  affect  the  response  of  the  heart  to 

lilrite  or  atropin  (Halsey,  1917;  Cohn  and  Levy,  1018). 

RfJ.Uion  of  Thrrapetttif  to  Fatal  Dose. — In  cats  also  the  characteristic  change  of  T- 
IJ^vt  appear?  generally  on  the  intravenous  injection  of  30  per  cent,  of  the  fatal  dose; 
">»ever.  the  ratio  .aries  for  -'iffcrent  rats  between  25  and  60  per  cent.;  it  is  constant  in 
*l*eswne  animal  {Le\*inc,  ig't^j). 

Gasrous  \tetaboUsm  of  the  Heart. — This  is  increased  in  mammals  in  proportion  to  the 
ivily  (Rohde  and  Ogawa,  1912).     In  excised  frogs'  hearts,  the  oxvgeu  consumption 
"tiecTcased  according  to  the  diminished  rate  and  excursions  (Goitscfcalk,  1913). 

Tkt  Phtnomena  of  the  Therapeutic  Stage  in  the  Frog's  Heart. — If  a  digitalis  drug  is 
■^iKtcd  into  a  fmg,  the  exposed  heart  shows  actions  which  resemble  those  seen  in 
■Wimals.  The  inhibitory  effects  are  more  important,  whilst  the  contractility  is  but 
•ttle  affected  in  the  therapeutic  stage.  The  rate  becomes  progressively  slowed,  and 
*w  diastolic  relaxation  is  more  complete.  The  slowing  occurs  even  after  atropin 
(Boclini,  [872);  but  othcnA'ise  it  resembles  vagus  stimulation.  Direct  vagus  stimula- 
"00  produces  additional  slowing.  By  using  the  perfused  excised  heart  (F.  Williams, 
'^).  it  can  be  shown  that  the  diastolic  tone  is  considerably  decreased,  so  that  a  given 
P'^'Sttre  distends  the  heart  more  than  normal;  and  since  it  contracts  completely  in 
Wolc,  the  output  per  beat  is  increased.  The  time-output  and  the  blood  pressure  may 
30 
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be  increased  or  diminished;  but  the  heart  is  not  more  capable  of  overcoming  an  excessivt 
aortic  resistance.     The  toxic  effects  will  be  described  later. 

Antagonism  with  PUocarpin. — A  perfused  frog  heart  that  has  been  slowed  and  weak- 
ened by  the  vagus  action  of  pUocaipin  is  strengthened  but  not  quickened  by  digit 
(Ransom,  tQi?). 

Ventricidar  Strips  of  Turtle. — Large  doses  produce  acceleration  (even  after  atropin 
or  ergotoxin),  and  increase  of  amplitude  and  tone  (Greene,  Boutwell  and  Peeler,  1915}. 

Behavior  of  the  Di^erent  Chambers  of  the  Heart. — The  two  sides  of  the 
heart  behave  ver>*  much  alike  to  Digitalis;  but  the  auricles  tend  to  show 
relatively  greater  inhibitory  effects  (since  they  are  more  subject  to  vagus 
control),  whilst  the  ventricles  are  more  disposed  to  the  muscular  action 
In  the  therapeutic  stage,  the  rhythm  of  the  auricles  and  ventricles 
synchronous. 

The  relaxation  of  the  auricles  b  but  little  changed;  their  contraction  is  more  corra- 
pletc;  but  with  slightly  larger  doses  the  inhibition  predominates  so  much  that  the  coia- 
tractions  are  less  complete.     The  inhibitory  effects  disappear  if  the  vagi  are  divide^J 
(Cushny,  1897). 

Influence  of  the  Cardiac  Action  on  the  Blood  Pressure. — The  increased 

output  of  the  heart  should  result  in  a  rise  of  pressure.  Accordingly, 
the  pressure  rises  even  when  changes  in  the  peripheral  vessels  are  de&aile/y 
excluded  (/.i..  in  Bock's  method,  where  the  aorta  is  tied,  the  circulation 
being  shunted  through  the  carotid  directly  to  the  jugular  vein— Boci, 
1898J  C.  W.  Greene,  1910). 

No  Effect  on  tiie  Maximal  Pressure. — Whilst  the  digitalis  heart  can  disdurp  « 
larger  voiurae  of  blood  against  a  normal  pressure,  the  maximal  pressure — 1^.,  iheriB 
of  pressure  on  clamping  the  aorta — is  not  increased  (Bode;  Heinz,  igoo). 

The  Vasoconstrictor  Action. — The  cardiac  actions  of  digitalis  would 
of  themselves  lend  to  raise  the  blood  pressure.  The  most  importut 
element  in  the  rise  which  is  observed  in  animals,  however,  is  a  vaaocno- 
striction,  involving  mainly  the  intestinal  vessels.  This  is  shown  most 
conclusively  by  the  observation  that  the  volume  of  the  important  splandi- 
nic  organs  decreases  as  the  blood  pressure  rises  (Gottlieb  and  Magouii 
1901).  Further  evidence  is  that  the  venous  outflow  is  also  decraucd; 
and  that  the  rise  is  not  always  accompanied  by  increased  output  of  the 
heart  (Tigcrstcdt,  1907,  stromuhr). 

These  experiments,  however,  were  made  with  doses  far  larger  than  are 
used  in  therapeutics.     Small  therapeutic  doses  may  produce  inlesi 
constriction  even  when  the  blood  pressure  does  not  rise.     The  vasci 
effects  are  more  lasting  than  the  cardiac  (Joseph,  1913). 

The  vasoconstrictor  effect  is  peripheral  because  it  occtus  in  exci 
organs  (Donaldson  and  Steffens,  1885;  Robert  •y886;  Brunton  andTunm'- 
cliffe,  1896.  etc.).  It  occurs  also  affer  the  n?ive-endings  are  paralywi 
by  apocodein  (Dixon.  1903).  The  action  Is  therefore  presumably  exerted 
directly  on  the  arterial  muscle.  The  vasomotor  center  is  but  liliJe 
affected. 

Vasomotor  Center. — Strophanlhus  produces  a  moderate  stimulation;  digitifo 
mudi  less  or  none.  In  no  case  is  the  central  action  sufficient  to  make  itself  felt  through 
the  other  actions  of  the  drugs.  Fatal  doses  result  in  sudden  cardiac  arrest  and  as- 
phyxia, thereby  producing  intense  stimulation  of  the  vasomotor  center  <Pilchei  ittd 

SoUmann,  lO^S'- 

Vasodilator  Action. — Very  dilute  solutions  of  digitalis  produce  an  .-^ 
opposite  effect;  t.«.,  the  perfused  vessels  are  dilated  (Kasztan,  1910; 
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Inkamp,  191 1).  The  vascular  effects  are  therefore  analogous  to 
the  cardiac  effects;  the  smaller  doses  decrease,  and  the  larger  doses  in- 
crease the  tone. 

Differences  in  the  Vascular  Areas. — The  constrictor  tendency  varies 
according  to  the  drug  and  the  vessel.  It  is  generally  said  to  be  greatest 
for  digiloxin,  and  relatively  weak  for  strophanthin;  but  an  exact  series 
has  not  been  established. 

F.  i,,  dc  Hecr,  1912,  and  Joseph,  191J,  found  thai  ouabain  had  a  stiX^ng  constrictor 
effect  in  mammals;  while  Moog,  191 2,  claims  that  its  constrictor  action  is  but  one-tenth 
that  of  digitoxin.  Strooroann,  1914,  finds  strophanthin  the  weakest  constrictor  in 
frogs.  Caffein  is  antagonistic.  Vogt,  iqoq.  claims  that  strophanthin  docs  not  produce 
ooDStriction  in  man,  but  Straub,  1909,  finds  e%'idence  of  constriction  with  the  string- 
gal  va  no  meter. 

The  constriction  is  strongest  in  the  intestinal  and  splenic  vessels, 
less  in  the  renal,  and  weak  in  the  vessels  of  the  skin,  brain,  etc.  The 
dilator  and  constrictor  effects  vary  in  degree  in  different  animals;  but 
with  therapeutic  doses,  in  animals,  the  most  constant  and  predominant 
effect  is  the  slow  constriction  of  the  intestinal  vessels.  The  dilator  effect 
occurs  earlier,  but  the  constriction  lasts  longer  (Joseph,  1Q13).  In  man, 
the  volume  of  the  arm  is  not  changed  by  intravenous  digitalis  or  stro- 
phanthin (Hewlett,  1013)- 

Altered  Distribution  of  Blood. — The  different  susceptibility  of  the 
vessels  leads  to  alterations  in  the  distribution  of  the  blood  in  living  animals- 
The  intestinal  vessels  will  tend  to  be  constricted;  those  of  the  skin,  ex- 
iremities  and  brain  wall  tend  to  be  dilated  (Gottlieb  and  Magnus,  1901)- 
The  renal  vessels  occupy  an  intermediate  position;  with  therapeutic 
doses  they  tend  to  dilate  (Loewi  and  Jonescu,  1908);  with  to.ric  doses, 
they  will  be  constricted.  The  dilations  may  be  due  to  the  direct  dilator 
action;  or  to  mechanical  displacement  of  blood  from  the  more  powerfuUy 
)nstricted  areas;  or  to  nervous  reflexes. 

Iq  the  ejcperiments  of  Gottlieb  and  Magnus.  1901,  the  dilation  of  the  vcs.sel5  of  the 
tttremilies  was  shown  to  be  mainly  mechanical;  for  it  did  not  occur  (or  rather,  the  leg 
vtasds  constricted),  if  the  displacement  of  blood  was  prevented  by  ligating  the 
fptaochnic  vessels 

The  direct  dilator  cflTect  has  been  rendered  very  probably  for  the  kidneys;  for  it  has 
been  shown  on  the  excised  organs  that  certain  concentrations  dilate  the  renal  vessels, 
*liiUl  they  constrict  the  intestinal  vessels. 

Pulmotiax7  Vessels, — These  arc  somewhat  constricted  in  perfusion  experiments 
(TKfaislowitchj.  lOxci-sed  arterial  rings  are  also  constricted  by  all  digitaloids,  except 
i^tofun,  which  dilates  (Macht.  1914).  In  life  this  action  is  unimportant;  for  the  slight 
nic  of  pressure  in  the  pulmonar>'  artery  is  mainly  cardiac  (Plumicr,  1905;  Wiggcrs, 
^ti).  The  f  initiation  Umt  is  shortened  in  the  pulmonary  and  in  the  general  circulatioQ 
1*n£lois  and  Dcsbouis,  1915)- 

Meningeal  Vessels. — The  filling  of  the  vessels  of  the  pia  mater  and  retina  follows 
tliCrencral  bloo(i  pressure  (Hirschfelder,  IQ15). 
Conmaiy  vessels  may  be  constricted,  especially  by  digitoxin,  less  by  strophanthin 
Lotb.  I  903;  Ha>'nes,  1906;  Rabe,  191  i).     Excised  arterial  rings  are  also  constricted 
^oegtlin  and  Macht,  1913).    In  any  case,  the  conslricliou  would  be  overcome  by  the 
»pn>vcd  contraction;  so  that,  with  therapeutic  doses,  the  coronary  Jf^  in  li/e  was 
md  unaltered  (Bond,  191 1),  or  even  increased  {F.  Meyer; SaLai and Saneyoshi,  191s). 
'■Miller,   igoS,  found  that  digitalis  enabled  the  heart  to  tolerate  a  greater  degree  of 
obstruction.     I-arge  toxic  doses  contract  the  roronftr>'  vessels  even  in  life,  writh 
;  blood  pressure;  this  is  sometimes  followed  by  increased  flow  with  falling  pressure 
liand  Saneyoshi.  IQ15). 
Voious  Pre^ure. — This  is  not  materially  altered,  even  when  the  arterial  pressure 
^  fCapps  and  Matthews,  1913;  it  has  also  been  studied  by  Ackermann  and  by 
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Blood  Pressure  in  Man. — The  rise  of  pressure  which  is  so  charadj 
istic  for  most  animals  is  not  often  seen  in  man.  either  in  health  ordisei 
(Czylhara,  1900;  Schwartz,  1906;  Cushny,  iqii;  Mackenzie,  191 1;  Prl 
1913;  Cohn.  1915;  Eggleston.  1917).  In  heart  disease,  the  improvemJ 
under  digitalis  may  even  be  accompanied  by  a  fall  of  pressure,  if  this  \ 
been  abnormally  high  (Fraenkel,  1905;  Price,  1914;  Martinet,  igi 
A  rise  is  ver>'  exceptional,  occurring  only  if  the  pressure  has  been  bd 
the  normal  level.  The  diastolic  pressure  is  always  lowered  when  digiti 
relieves  in  compensated  lesions,  no  mailer  what  the  changes  in  the  sysl^ 
pressure.    The  pulse  pressure  is  therefore  generally  increased  (Martin 

1914).  i 

The  difference  can  not  be  e\7)laincd  by  dosage;  for  in  animals  I 
rise  occurs  with  the  smallest  doses  which  have  a  noticeable  effect  on  { 
heart.  The  explanation  must,  be  sought  in  the  more  perfect  blood  prcssi 
regulation  of  man,  which  compensates  the  pressor  tendency  by  inhibiti 
of  the  vasomotor  center  and  by  stimulation  of  the  vagus  center.  If( 
digitalis  slowing  is  prevente<l  by  atropln,  the  pressure  rises  also  in  I 
human  subject  (Fraenkel,  1905). 

The  compensatory  vasomotor  regulation  has  not  been  investigaf 
in  man.  From  what  is  known  of  it  in  animals,  it  would  be  expected  t^ 
the  vessels  of  the  extremities  and  of  the  kidne\'s  would  probably  be  dilat^ 
whilst  the  intestinal  and  portal  vessels  would  tend  toward  constricti< 
The  altered  distribution  of  the  blood  may  contribute  to  the  therapeuj 
result. 

Blood  Pressure  in  Rabbits. — These  do  not  show  as  great  or  constant  a  rise  as  do  > 
animals.     This  is  probably  explained  by  the  lesser  resistance  of  their  blood  v« 
which  therefore  dilate  if  the  pressure  tends  to  rise  above  the  normal.     If  the  pi 
has  been  lowered  by  liemorrhage,  diKitaliis  produces  an  effective  rise  toward  the  nort 
level  (Hernando,  1911).     Dl^talis  did  not  produce  much  ris<r  after  chloral,  presum<| 
ticcause  the  heart  was  too  greatly  injured.    The  effects  of  small  therapeutic  doses  in 
studied  by  Joseph,  igij.  ] 

Thoracic  Lymph  Flow. — In  normal  animals,  this  is  not  changed  during  the  rnfl 
arterial  pressure;  nor  is  the  pressure  in  the  portal  capillaries  increased  (Yanogawa,  19M 

Diuretic  Action. — The  digitalis  drugs  arc  powerful  diuretics  in  can 
dropsies;  the  diuretic  efifect  being  proportional  to  the  improvement' 
the  circulation  and  to  the  absorption  of  the  edemas.     In  all  other  coi 
lions  they   have  little  or  no  effect  on   the  urine.     Practically  ncgat 
results  are  obtained  in  normal  individuals  (Schwartz,   190O),   in  hel 
disease  without  effusion  (Cushny,  iqii;  Cohn.  19 15)  and  in  purely  ned 
ritic  edemas  (J,  Miller,  1912).     The  diuretic  effect  can  not  therefore] 
due  to  any  renal  action,  but  must  be  ascribed  to  the  improved  circulatiq 
There  is  no  diuresis  in  normal  individuals,  and  in  the  absence  of  edeifl 
because  the  renal  circulation  is  already  adequate  for  the  secretion  of  j 
the  fluid  at  the  disposal  of  the  body.     It  fails  in  nephritis,  because  ha 
the  anuria  is  not  due  to  defective  circulation. 

The  factors  involved  in  the  improvement  of  the  renal  circulatifl 
are  several:  The  dilation  of  the  renal  vessels  (Jonescu  and  Loewi,  iqoJ 
the  relief  of  the  venous  pressure;  the  increased  output  of  the  heart;  t| 
increased  *' pulse  pressure;"  and  the  hydremia  resulting  from  the  abs4^ 
lion.  These  mechanical  conditions  cause  corresponding  increase  of  ui' 
filtration  even  in  dead  kidneys  (Sollmann,  1915). 

Ccsell,  1913,  found  that  artificial  changes  in  Ihf  f^uJse  pressure  produced 
changes  in  the  excretion  of  urine,  chlorids,  urea  and  nitrogen. 
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Injtuence  of  Ilydremio—MaTtAnct,  1014,  found  that  the  viscidity  of  the  blood  and 
protein  content  of  ihe  serum  remain  unchanged  sti  long  as  the  absorption  of  edemn 
m  progress.     When  the  edemn  has  disappeared,  l>ul  the  diuresis  still  persists,    the 
viscidity  increases.     This  indicates  thai  the  hydremia  is  not  the  primary'  cause  of  the 
diuresis.     Ixtria.  1013,  also  states  that  sUophanthin  or  calomel  increase  the  viscidUy  of 
htood  even  when  there  is  no  diruesis. 

Excessive  doses  of  digitalis  constrict  the  renal  vessels  and  irritate  the 
kidneys,  so  that  the  urine  becomes  scanty,  and  often  blood-tinged.     This 
conceivably  happen  if  cumulation  occurs  in  the  therapeutic  use; 
;cially  with  digiloxin. 

Toxic  Effect  on  the  Circulation  in  Mammals. — These  are  characterized 
irregularilies  of  the  rhythm  and  strength  of  the  cardiac  pulsations 
ig.  19). 
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Flo. — BlcHMl-prts5urtf  traeings  unjer  diRitilis.  to  show  some  of  the  typ«  of  irrefruUnty  in 
ttt*ttn,  A.  B,  C  nv\i\  D  nrprescnt  fuur  different  dogs,  (a)  is  the  nornuil  tmctng;  ((►)  the 
Rtic  (t«gc;  the  following  letters  represent  the  successive  toxic  chungvs. 


They  are  exaggerated  manifestations  of  the  vagus  and  cardiac  stimu- 
ilions  which  were  initiated  in  the  therapeutic  stage.     The  vagus  effects 
Iwiowed  rhythm,  diastolic   tendency,  lessened  conductivity)   reach  their 
:nie  most  rapidly;  so  thai  the  first  indications  of  overdosage  are  com- 
loaly  those  of  marked  inhibition.     This  inhibition  is  in  turn  overcome  as 
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the  muscular  excitability  becomes  greater  and  greater;  so  that  the  final 
effects  are  mainly  muscular  (increased  tone,  heightened  irritability,  spon- 
taneous ventricular  rhythm,  extrasystoles).  The  irregularities  which 
result  from  these  interactions  weaken  the  circulation  and  interfere  with 
the  nutrition  of  the  heart,  until  this  becomes  arrested. 

Cushny's  Stages. — The  successive  effects  have  been  studied  most 
carefully  by  Cusbny,  1897,  who  divides  them  into  the  inhibitory  stage 
and  the  stage  of  muscular  irregularity. 

Traube's  Stages. — The  effects  may  also  be  divided  into  three  stages,  according 
Traubc,  1S61:  (1)  slowed  pulse  with  rise  of  blood  pressure  (therapeutic  stage);  {i\  su 
den  change  to  rapid  pulse,  with  further  rise  of  blood  pressure;  ana  (3)  fall  of  blood  pres- 
sure with  continued  rapid  but  irregular  pulse.     The  inhibitory  stage  would  be  inserted 
between  1  and  2, 

In  the  typical  course,  the  effects  pass  successively  through  the  thera*A 
peutic,  vagus  and  muscular  stages;  but  the  vagus  stage  is  often  omitted™ 
in  animals.     The  "toxic  effects"  in  man  are  generally  of  the  inhibitory 
t>pe. 

The  Inhibitory  Stage  (Fig.  19,  A). — This  corresponds  to  strong  vagus 
stimulation.  The  rhythm  becomes  very  much  slowed — to  40  or  50  beats-, 
per  minute.  It  is  often  irregular;  there  are  scattered  diastolic  pau< 
which  become  more  frequent  and  lasting,  particularly  in  the  auricli 
These  irregularities  arc  partly  exaggerations  of  the  normal  respirator 
variations;  but  they  are  often  independent.  The  two  sides  of  the  heart 
contract  at  the  same  rate,  but  the  ventricles  are  apt  to  assume  a  spon- 
taneous rhythm,  which  may  be  faster  or  slower  than  that  of  the  auricles. 
This  independent  rhythm  is  probably  due  in  part  to  the  blocking  of  the 
auricular  impulses  by  the  lessened  conductivity;  the  increased  excitabfliiy 
of  the  ventricular  muscle  also  plays  a  part,  for  the  ventricles  may  continue 
to  beat  during  the  auricular  standstill.  The  excessive  slowing  and  the 
irregularity  diminish  the  time-output  of  the  heart  in  this  stage,  although 
the  amplitude  is  increased.     The  blood  pressure  falls. 

Occurrence  and  Duration  of  the  Inhibitory  Stage. — This  sta^  occurred  in  about  jo 
per  cenL  of  Cushny's  animals.     After  lasting  a  few  minutes,  it  passes  quite  suddenly^ 
into  the  muscular  irregularity.     It  is  more  frequent  and  more  persistent  in  man.     TbeH 
difference  may  be  due  to  different  dosage  and  administration.  ™ 

The  Stage  of  Muscular  Irregularity. — The  rate,  rather  suddenly,  be- 
comes more  and  more  accelerated,  as  if  the  heart  escaped  from  the  vagus 
influence.  Electric  vagus  stimulation  has  less  and  less  effect  on  the  rate; 
but  since  it  still  increases  the  diastole  the  vagus  can  not  be  j>aralyzed. 
The  escape  is  due  to  the  excitability  of  the  heart  becoming  so  greatly  in- 
creased that  the  vagus  is  unable  to  restrain  it.  The  auricles  and  ven- 
tricles may  at  first  keep  the  same  rate;  but  the  ventricles  soon  assumes 
rapid  rhythm  independent  of  that  of  the  auricles;  for  the  conduction  of 
the  auricular  impulses  is  more  and  more  blocked,  whilst  the  spontanecius 
excitability  of  the  myocardium  is  more  and  more  increased.  The  accel- 
erators usually  do  not  respond  to  stimulation  (Fredericq,  1913). 

Periodic  Grouped  Beats. — This  independence  of  the  auricular  and  vcninruiu 
contractions  results  in  curious  periodic  variations  in  the  volume  of  the  pulse,  the  rhxtb" 
at  this  time  being  fairly  regular. 

One  or  more  enormously  strong  beats  are  followed  by  very  much  weaker  beats. 
sometimes  quite  imperceptible  in  tlic  pulse,  which  is  therefore  iniermittent  fsec  V\%.  Iflt  ^t 
e  and  jf).  These  phenomena  recur  in  groups,  which  remain  fairly  regular  for  i  ibflrt- 
timCf  but  soon  change  to  some  other  type,  as  may  be  seen  in  Fig.  iq,  B  and  C.    IhBC 
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Pic.  ao. — DiagrfttQ  to  illustrate  tfa« 
cfftrct  of  auricular  an<]  ventricular  »?• 
rbythmift:  (0).  aurioilftr  bc«t:  (r)  ven- 
tricular beat;  (p)  pulse-pressure.  The 
auricular  tyslolr  precedes  tbe  ven- 
tricular at  the  heavy  line«,  and  the 
pulse  is  c<>nscqucntly  strong;  it  coin- 
cides at  the  light  tines,  and  ttic  pulse  is 
weak.  With  this  difference  of  rate 
(l  ventricular  beat  to  iV^  auricul&r) 
each  strong  contraction  will  be  (d1- 
towed  by  a  weak  contraction. 


clFftcts  are  sometimes  due  to  respiration.  In  other  cases,  however,  they  are  cardiac 
These  are  also  seen  in  the  Atropinized  hcArt,  and  are  mainly  due  to  the  arythmia  oftkt 
auricles  and  ventricles  (Cushny.  iSqo).  It  \vill  be  recalled  that  the  ventricular  contrac- 
tions arc  normally  originated  by  the  auricular  contractions.  Toxic  doses  of  digitalis 
seem  to  interfere  with  thctransmissionof  this  impulse, and  at  the  same  time,  thcv  raise 
the  eicitability  of  the  cardiac  muscle  to  such  a  aegree  that  xontraclions  can  orijarinate 
in  the  ventricles.  The  auricles  and  ventricles  therefore  beat  independently;  either  may 
be  the  more  rapid.  As  a  consequence,  the  contractions  will  sometimes  altemate»  some- 
times coincide,  forming  groups  (see  Fig.  20).  If  the  auricular  systole  occurs  during  the 
ventricular  diastole,  the  ventricles  will  be  filled  with  blood  when  they  contract,  and  the 
result  will  be  a  large  pulac-wave;  if  the  auricular  and  ventricular  systole  coincide,  no 
l^ood  will  be  moved,  and  there  will  be  no  pulse  (see  Fig.  jo,  p).  This  is  the  most 
satisfactory  explanation  of  the  Rroup  phenomenon.  A  further  factor  may  come  into 
play:  it  is  probable  that  the  auricular  stimulus  to  the  ventricle  is  not  completely 
nocked  by  the  digitalis.  If  the  auricular  and  independent  stimuli  coincide,  the  ven- 
tricular contraction  would  be  strong;  if  they  inter- 
fere, the  contraction  would  be  weak  or  absent. 
This  effect  would  support  that  previously  described 
and  lead  to  the  same  kind  of  grouping. 

The  two  sides  of  the  heart  continue  to  beat 
s>'nchronously,  although  the  periodic  variations  of 
strength  have  no  relation. 

After  a  time,  cxUasystolei  (i.e.,  premature  con- 
tractions by  which  no  blood  is  expelled)  appear,  and 
the  pulse  shows  corresponding  intermissions. 
These  become  more  numerous.  The  rate  con- 
tinues to  increase,  becoming  faster  than  in  atropin 
poisoning.  Various  complex  irregularities  are  super- 
added; and  the  contractions  become  thoroughly  dis- 
vgaoized. 

The  blood  pressure  is  very  high  in  the  earlier 
periods,  through  the  combination  of  rapid  rate, 
(orceful  contraction  and  vasoconstriction.  When 
the  periodic  irregularities  set  in,  the  output  dimin- 
iihes  materially. 

Tenninal  Changes. — The  quickening  of  the  rate 
»0Q  exceeds  the  optimal  limits.  The  contrac- 
tions become  superficial,  buttering,  much  less 
effective,  and  more  fatiguing.  The  blood  pressure 
(ails  and  the  heart  is  unable  to  keep  tne  pace. 
Fint  the   auricles,  then  the  ventricles,  pass  into 

fibrillation  and  the  circulation  is  arrested.    The  chambers  stop  In  median  position,  and 
then  gradually  become  greatly  dilated. 

Mascular  Changes  in  Rabbits. — In  acute  death  from  large  doses,  all  parts  of  the 
Wrtmay  be  suddenly  .irrcstcd.     Auer,  191 2,  found  the  endocardial  muscles  of  the  right 

k ventricle  hardened.  He  believes  that  this  change  invoK'es  the  conducting  system,  and 
that  even  the  earlier  actions  of  digitalis  are  due  to  slighter  degrees  of  these  chemic 
Cfctn^cs.  Similar  abnormalities  occur  in  anaphylaxis, 
t  Toxic  Effects  on  the  Excised  and  Perfused  Mammalian  Heart. — These  resemble 
■  the  main  the  muscular  irregularity  of  the  intact  heart.  After  the  therapeutic  stage, 
the  contractions  become  quicker  and  irregular.  The  diastolic  relaxation  becomes  pro- 
RTtsftively  less  complete,  and  the  heart  lias  a  systolic  tendency.  It  finally  passes  through 
dcfirium  cordis  into  systolic  standstill,  the  tone  increasing  even  after  the  heart  has 
Hopped.  Stretching  of  the  muscle  (as  by  increasing  the  coronary  pressured  may  tem- 
^ntrily  restore  the  pulsations  (Hedbom,  i8gB;  Braun  and  Mager.  1899;  Gottlieb 
ted  Magnus;  1Q03;  Hayncs,  iqc6;  Etienne,  igog). 

The  principal  difference  bet-ween  the  intact  and  the  excised  heart  is  the  position  of  arrest : 
this  is  diastolic  in  the  intact,  and  systolic  in  the  excised.  The  systolic  standstill — 
■liifh  occurs  also  in  the  frog's  heart— is  the  really  characteristic  effect  of  digitalis. 
In  the  intact  mammal,  the  falling  bJood  pressure  impairs  the  coronary  drculatioo,  so 
that  the  cardiac  muscle  can  not  remain  contracted. 

Toxic  Effects  on  the  Frog's  Heart — This  also  shows  a  complex  of  inhibition  and 
"yxardial  stimulation,  but  the  manifestations  differ  materially  from  those  in  mammals. 
Tw>'  var>'  somewhat  according  to  the  dose  and  method  of  application.    They  are 
CBiirely  peripheral,  and  are  not  modified  by  excision  of  the  heart  or  by  alropin;  but  vagus 
|^LJ|ta|htion  remains  effective  until  rigor  sets  in. 
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Typical  Course. — If  moderate  toxic  do:>es  are  injected  into  an  intact  frog,  and  ibf 
heart  is  exposed,  the  phenomena  are  as  follow5(Boehm.  187:):  After  a  latent  period 
of  five  to  fifteen  minutes,  the  diastolic  tendency  becomes  conspicuous.  The  chambers 
expand  more,  the  diastole  is  lengthened  and  the  rate  is  somewhat  slowed.  The  A-V 
interval  is  unchanged  (Clark  and  Mines,  ipi.^).  The  systole  is  also  more  compWle. 
With  strong  hearts,  the  cfTcct  is  mainly  on  the  auricles;  but  if  the  heart  is  weak,  ibe 
ventricles  are  also  stimulated  (Clark,  IQ14).     This  corresponds  to  the  thrrapetUu  Jtajf. 

The  toxic  irrfRiilariiies  start  soon  after.  The  systolic  phase  of  the  ventricle  become 
exaggerated,  so  that  at  times  the  apex,  at  times  the  base,  remains  firmly  contracted 
dunng  the  diastole.  These  jiartial  riiastoles  may  alternate  so  that  the  blood  Is  merely 
pumped  back  and  forth  from  one  part  of  the  ventricle  to  the  other.  This  has  been 
called,  rather  inappropriately,  "fardiar  pfrisfalsis."  Again,  a  part  of  the  venlridc 
may  remain  firmly  contracted  for  a  considerable  time,  and  then  may  resume  rhxihititc 
contraction.     (The  "peristalsis"  was  first  described  by  Vulpian.  1855.) 

Eventually,  the  ventricular  diastoles  bcrome  weaker  ana  weaker,  until  the  ventrirk 
finally  goes  into  permanent  systoiic  standstill,  and  appears  as  a  small  while  lump,  con- 
trasting sharply  with  the  turgid  auricles.  The  apex  is  often  arrested  before  the  bax 
The  auricles  continue  to  nulsatc  for  a  time  and  eventually  slop  di.stended. 

The  ventricular  systolic  standstill  is  not  paralytic;  for  if  the  ventricle  is  forciWi 
distended  with  fluid,  it  will  again  start  effective  beats  (Schmicdcberg,  1874*  Thr 
standstill  is  due  to  fxc^suve  tone,  which  prevents  diastolic  relaxation  under  the  ordinary 
venous  pressure.  It  is  not  an  ordinary  but  prolonged  contraction,  for  the  heart-nnf- 
cle  is  not  in  the  refractor>'  phase  (Tait  and  Pringle,  1916).  Schmiedeberg  conaden 
it  as  increased  "elasticity." 

Other  hearts  may  not  show  the  "peristalsis,"  but  instead  the  phenomena  of  partial 
auriatlo-ventriruJar  "blo{-k,"  i.r..  the  ventricular  rate  suddenly  falls  to  one-half,  ibcn 
one-third,  one-fourth,  etc.,  of  the  auricular  rate  fStraub,  iqoi).  The  auriculo-vcntrini- 
lar  interval  is  a!so  lengthened  (Clark  and  Mines,  iqi.O-  Eventually  the  auricular  ritr, 
and  finally  the  sinus  rate,  may  also  tx'  halved.  The  block  may  beexplainablc  by^ 
longation  of  the  refradary  prriod.  for  Brandenburg.  IQ04.  showed  that  the  heart  isDow 
less  easily  excitable  to  extrasy^^toles.  On  the  other  hand,  the  spontanmns  rontraitilily 
is  increased,  for  if  the  sinus-auricular  junction  is  crushed  (I'Stannius  experiment '  the 
ventricles  are  not  arrested  as  in  the  normal  frog,  but  at  once  initiate  a  spontaneco 
rhythm. 

In  other  hearts,  the  systolic  phenomena  so  far  described  may  he  preceded  bv  inki'i*- 
Hon.  The  diastolic  relaxation  predominates,  the  heart  remains  regular  and  tlw  bo«i> 
become  gradually  slower  to  temporary  diastolic  standstill.  This  ts  witnessed  but  rardy 
in  intact  animals,  and  is  then  followed  by  the  usual  systolic  pha^e  ^Roehm). 

De  Moer,  igi;,  has  made  detailed  studies  of  the  effects  on  existing  irregularities.  rt< 

In  excised  and  perfused  frogs'  hearts,  the  effects  of  dilute  solutions  correspond  W 
those  of  vagus  stimulation.  The  rate  is  slowed,  the  diastolic  excursions  increased,  tht 
systolic  excursions  at  Arst  unchanged,  then  diminished.  This  progresses  to  diaitt^ 
standstill  (Jacobj,  1900;  Wybauer,  1900),  from  impaired  conduction  and  beartJilodt 
(Straub;  Clark,  1014).  The  heart  still  responds  to  mechanical  stimulation.  Ki$ber 
concentrations  produce  the  t>'pical  systolic  phenomena  and  systolic  standstill.  VVry 
concentrated  solutions  paral>-7,c  the  heart  (Wcrschinin,  igio).  There  is  always  a  lateWli 
period  of  five  to  fifteen  minutes,  even  when  strong  solutions  are  used. 

The  diastolic  standstill  occurs  especially  on  applying  the  digitalis  to  the  outer  wrfi«' 
of  the  heart.  Wcrschinin  claimed  that  a  given  concentration  produces  the  siid* 
effect  on  endocardial  and  pericardial  application;  but  Holste,  IQ12,  and  Clark.  igt9« 
attribute  the  diastolic  standstill  from  intracardial  application  to  technical  «n»n. 
The  diastolic  standstill  is  a  regular  feature  of  low  concentrations  of  the  various  digitakiMi 
substances  (Benedicenti,  IQ02),  including  barium  (Poulsson,  iqio). 

The  inhibitory*  phenomena  bear  a  close  rescmbl<in<t  to  vanHS  stimuhti^m. 
schinsky,  1908,  demonstrated  the  summation  of  submaximal  digitalis  and  vnr':- 
tion.  However,  the  digitalis  inhibition  is  not  intiuenced  by  atropin  (Bcnedi*  • 
It  must  therefore  be  concluded  that  the  vagus  and  digitalis  act  indcpendctn  . 
same  function  of  the  muscle.  (Schmicdcberg,  roro,  suggests  that  they  stimulate 
"  diastolic  fibers" .  but  the  existence  of  these  is  altogether  h>'pothetical.) 

I  rotated  AuricU  of  ihr  frog. — The  toxic  dose  of  digitalis  is  at  least  ten  times  as 
as  for  the  ventricle;  the  phenomena,  however,  are  similar  f^W.  Straub,  1915V 

Fixation  of  Digitaloids  in  Heart — W.  Straub,  jqio  to  iqi^,  investigated  tliequanl 
tativc  relations  of  digitalis  on  cvcised  frogs'  hearts,  using  the  response  of  "test  heal 
as  a  quantitative  method.  He  found  the  effects  roughly  proportional  to  the  concent] 
tion  of  the  poison,  not  to  the  absolute  amount  used.  From  this  he  argued  that 
reaction  must  be  conJi^cd  to  the  surface  (envelope)  of  the  muscle  cells;  the  mcci 
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being  similar  to  ihat  of  saponin  action.  Further  investigation,  however,  showed  that 
the  quantity  is  also  imporianl  (Clark,  iqu^  Grucnwald.  1912;  Issekutx.  1915).  and 
that  the  concentration  is  probably  important  mainly  in  determining  the  rapidity  of 
penetration. 

Tbc  effects  oE  digitalis  outlast  its  actual  application.     With  small  dose.*;,  the  heart 

recovers  completely  on  washing;  but  when  immcrbt:d  anew  in  digitalis  solution,  even 

altera  long  time,  its  threshold  is  found  lowered  (Gottlieb,  1914;  Issckutz,  1915).     These 

f&cts  indicate  that  digiialh  is  absorbed  and  stored  in  the  heart  muscU,  remaining  there  in 

iclivc  form  for  a  considerable  time.     The  amount  of  drug  used  up,  however,  is  very 

sttudl  (Straub;  Gruenwald;  Clark;  Holstc,  1912);  somewhat  greater  with  dij^talin  than 

Mtb  strophanthin  (Wcizsaecker,  1913).     Fuchncr,  1912,  finds  that  methyl  vnolet,  which 

has  a  typical  digitalis  effect,  actually  accumulates  in  the  cardiac  muscle  of  frogs,  the 

t5«t»  corresponding  to  the  quantity  of  dye  so  fixed. 

Then:  is  reason  to  believe  that  an  actual  storage  of  digitaloids  occurs  in  the  heart 
cdk  of  mammals  (Ilatcher,  1912),  although  the  evidence  is  not  conclusive.  Lhota, 
19(^1  states  that  the  storage  occurs  particularly  in  the  heart  and  blood  vessels,  but  a!9o 
in  the  liver  and  other  organs. 

Wilbur,  iQii.  reports  that  irritants  (iodin)  produce  effects  similar  to  digitalis  on 
terrapin's  heart. 

ConcentTBtioD  Coefficient — SoUmann,  Mendenhall  and  Stingcl,  1915,  determined 
the  ratio  of  concentration  and  activity.  They  found  that  the  feebler  the  actions  of 
*  uatuin,  the  more  is  its  activity  increased  by  doubling  the  concentration.  The  reasons 
i«  this  are  explained  in  their  paper. 

Vigor  of  the  Heart. —  Holstc,  1912,  and  WciEsaecker.  1Q13,  tind  that  this  influences 

response  quantitatively.  The  greater  the  intensity  of  the  cardiac  functions,  the 
prompter  the  strophanthin  effect. 

Temperature.— The  cardiac  effects  of  the  digitaloids  on  frogs  increase  with  the  tem- 
penturc  (Trendelenburg,  1909},  the  increase  being  greater  for  low  than  for  high  tern- 
puatures.  The  activity  is  increased  by  heat  not  only  directly,  but  also  through  the 
Diore  rapid  heart  rate  (SoUmann,  Mendenhall  and  Stingcl,  1915).  In  the  perfused 
Bammalian  heart,  the  effects  are  also  quickened  by  heat;  in  this  case  the  more  rapid 
coroDAry  flow  is  a  contributing  factor  (Gunn,  1914). 

H>'perpyrexia  (by  hot  baths)  also  increases  considerably  the  toxicity  of  digitalis  for 
iniict  mammals;  the  effects,  including  the  reversal  of  the  T  wave,  being  qualitatively 
«in  normal  mammals  (Hirschfelder  et  al.,  1920). 

Influence  of  Serum. — Werschinin  found  the  systolic  action  much  weaker  in  Rlng- 
«'5  solution  than  in  scrum-solnlions  of  the  drugs.  Opnenhcimcr,  19U.  observed  that 
iemm  inhibits  the  action  of  the  less  soluble  digitaloids,  but  not  of  strophanthin.  Chol- 
atcrin  and  egg-albumen  did  not  have  equivalent  effects. 

Oxygen  increases  the  digitalis  effect  fGrucnwald,  1912). 

Influence  of  Ions. — The  systolic  digitalis  action  occurs  only  in  the  presence  of  Ca 
Kxis  in  the  perfused  solution.  Excess  of  alkali  or  absence  of  potassium  rather  increases 
liie  swtolic  action;  excess  of  Ca  has  little  effect  (Clark,  1912).  On  the  other  hand, 
itiopLinthin  delays  the  standstill  of  the  heart  when  this  is  perfused  with  Ca-free 
Kilutiofis  or  with  pure  K  solutions;  but  il  hastens  the  arrest  when  added  to  a  solution 
from  which  Ca  and  K  are  both  absent  (O.  I>ocwi.  1912;  Konschcgg.  1913).  Strophan- 
thin may  therefore  to  a  certain  extent  replace  Ca.  and  thereby  antagonize  the  K  ions. 
TV  effects  of  the  ions  on  the  vagus  action  are  quite  different  ("Clark.  i9M)- 

Antagonism  with  Alkaloids. — Lhota.  1009,  claims  that  cocain  diminishes  the  toxicity 
"I  simphnnihin  by  lessening  the  cardiac  excitability.  Wilbur,  191 1,  found  that 
•''ychmn  often  removed  the  ouabain  heart-block  in  terrapin's  heart. 

Central  Effects  of  Digitalis.— The  peripheral  effects  dominate  the 
i>'mptom-com]dex  so  greatly  that  of  the  direct  central  effects  only  the 
ttnttic  action  is  important.  The  cardiac  action  is  so  selective  that  frogs 
*hose  heart  have  been  stopped  by  digitalis  may  hop)  about  as  if  ormal. 
The  medullary  centers  are  probably  stimulated  directly.  This  is  proven 
for  the  vomiting  and  vagus  centers,  probable  for  the  vasomotor  center, 
w*1  perhaps  also  for  the  respirator>'  center;  but  the  indirect  effects  from 
^lir  altered  circulation  arc  much  more  important  than  any  possible  direct 
if  lions. 

Ctnirai  Symptoms. — When  digitalis  is  injected  into  the  ear  vein  of  unanc.\thr-tiztd  rab- 
tiu,  or  subduraUy,  the  symptoms  occur  immediately,  and  appear  to  be  largely 


central. 
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They  consist  in  dyspnea;  tremors  and  convulsions;  miosis;  debility  and  pualyi^  o( 
certain  muscle  groups,  especially  the  neck;  abolition  of  certain  reflexes.  TTiese  effects 
are  followed  bv  asph>'xial  con\'ulsions  with  mydriasis  and  death  by  paral>'sis  of  the 
respiration  or  heart.  The  later  symptoms  are,  at  least  partly,  due  to  the  circulatory 
changes;  but  the  earlier  symptoms  are  probably  due  to  direct  central  actions  (Saute*- 
son  and  Strindberg,  1916). 

Respiration. — H>Tx>dcrmic  or  intravenous  injection  produces  a  primary  uicraM 
of  the  respiration  in  rabbits,     f-argcr  doses  depress  (Gross,  1914). 

Excised  bronchial  muscle  is  not  affected  by  strophanthin  (Trendelenburg,  1911). 

GASTRO-ENTESTENAL  ACTIONS  OF  DIGITALOIDS 

Vomiting  and  diarrhea  occur  with  overdoses  of  all  digitaloids.  Until 
recently  ihey  were  erroneously  attributed  mainly  to  local  action,  esp^ 
ciaMy  of  the  digitonin.  Hatcher  and  Bailey,  191 1,  pointed  out  thai  they 
occur  more  promptly  on  intravenous  than  on  oral  administration;  and 
Hatcher  and  Eggleston^  1912,  proved  that  tlie  vomiting  movements  occur 
even  when  the  whole  alimentary  tract  has  been  excised.  The  action  is 
therefore  central,  and  it  is  useless  to  look  for  "non-emetic"  digitalis  prepy 
rations.  The  differences  are  merely  quantitative.  These  conclusions 
are  supported  by  the  clinical  data;  for  the  nausea  or  emesis  h  alway* 
preceded  by  cardiac  effects  (Eggleston,  1913).  The  gastro- intestinal  sv-rap-j 
toms  generally  disappear  within  two  or  three  da3rs  after  withdrawal  (Cohn, 

Very  sensitive  individuals  may,  of  course,  be  nauseated  by  the  acrid  tasie  of  evcij 
small  doses,  but  local  irritalion  sufficient  to  produce  emesis  could  only  occur  with 
much  larger  than  the  clinical  The  digUonin  must  plaj'  a  very  insigniticani  ptrtii 
for  it  is  not  emetic  in  doses  ver>'  much  larger  than  occur  in  the  usual  administratiaa. 
The /a/  of  the  leaf  is  also  non-etnetic  (Eggleston  and  Hatcher,  1913).  The  oil  fll] 
Btrophanthus  seed  is  emetic,  but  only  in  quantities  10,000  times  as  high  as  are  pi 
in  a  therapeutic  dose  of  the  tincture  (Hatcher,  19x6). 

Ratio    of  Emetic  Action.— Thk  may  be  expressed  as  the  relation  of  the  emetic «»] 
the  fatal  dose,  intravenously.     Eggleston  and  Hatcher  found  True  Digitalin  the 
emetic  (emetic  dose  =  22  per  cent,  of  the  fatal);  then  come  strophanthus.  ouil 
digitalis,  digipuratum,  digalen  and  adonis  (ratio  =  40  to  50 per  cent.);  then  dixitov4 
and  amorphous  strophanthin  (58  to  65  per  cent.?;  least  emetic  were  Squill  and  Apoc^^j 
num  (75  to  88  per  ccnt.)- 

KJocmann,  1913,  states  that  digitalis  diminishes  gastric  secretion  in  fistula- 
Squill  nns  formerly  used  as  nauseant  expectorant;  EuomymuB  ( wahoo)  as  cat! 
Gall-bladder. — This  is  stimulated  (Lie b  and  McWhorter,  19(5). 
Uterus. — ^Strophanliiin  revives  the  movements  of  the  excised  uterus  when 
have  Iwen  arretted  by  calcium-frce  Ringer's  solution     Short  exposures  to  strophiDl 
renders  the  uterus  hj-persensitive  to  calcium  (Ransom,  tqjo). 

Epinephrin  Output. — This  is  not  affected  by  strophanthin     (Stcwmrt  and  R< 
igig).     Previous  workers  used  inadequate  methods. 


LOCAL  ACTIONS 

Digitalis  and  the  allied  dru^,  when  injected  hvpodermically.  cause  fairly  icm 
irritation,  i»ain  and  abscess  formation,  which  practically  preclude  their  use  by  t' 
channel.  Intramuscular  injection  is  feasible,  although  not  painless.  The  irrit 
action  varies  in  different  dru^s. 

Digitalis  (particularly  digitoxin)  and  squill  arc  more  irritant  than  stropbaat 
and  ouabain  (Haynes,  1906). 

Relative  Irritant  Action, — Holstc,  1913,  from  hj-podermic  and  conjuncti%*aI  »[ 
tion  to  rabbits,  establishes  a  scries  for  the  isolated  principles  as:  Most  irritant  » 
toxin;  then  digitonin,  then  digitalein  and  c^Tiiarin  (from  apoc>'num).  Practically 
irritant  =»  digitalin,  ouabain  and  strophanthin.  Uigalcn  was  much  omre  irritant 
digipuratum.  On  the  skin  of  young  pigs,  O.  I-ocb  and  Loewe,  1916,  also  found 
toxin  and  digalen  the  most  irritant.  Digipuratum,  stroph&nthia  and  ouabain 
about  as  irritant  as  digitalis  infusion. 
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^^stropnanthin  does  not  inhibit  the  emigrations  of  leucocytes  from  inflamed  mesentery 
(lke*1a,  rgifi). 

Anesthetic  Action. — Stcinach,  i8S8,  and  Panas.  iSqo,  found  that  application  of 
ftrophanthin  to  rabbit's  conjunctiva  produces  ancsthesiu  lasting  several  hour:}.  In  man, 
bovever,  there  is  coo^dcrable  inflamiuation.     Other  digitaloids  are  also  anesthetic. 

THERAPEUTIC  USES  OF  DIGITALIS 

Historical. — The  professional  use  of  Digitalis  is  relatively  recent.  It  was  recognized 
byWm.  Withering  of  Birmingham  (Cushny,  1915;  Alpers,  1915)  as  an  ingredient  of  an 
old  woman's  secret  formula.  After  ten  years  of  experimentation,  he  published  his 
results  in  1785.  He  was  chiefly  interested  in  the  diuretic  effect,  and  mentions  the  car- 
due  action  only  incidentally.  The  evidence  for  the  connection  of  the  circulatory  and 
diuretic  effect  wtis  first  emphasized  by  John  Fcrriar  in  1799.  The  drug  quickly  assumed 
tn  important  place,  though  it*  proper  field  was  not  recognized.  The  cardiac  slowing 
particularly  attracted  attention,  and  as  late  as  1S51  Traube  referred  the  clinical  effects 
entirely  to  this  "depressant"  action;  hence.  Digitalis  was  used  in  aneurysm,  internal 
)rrhage,  etc.,  for  which  it  would  be  entirely  unsuitable.  Ten  years  later,  Traube 
)ted  the  rise  of  blood  pressure,  which  had  been  discovered  in  animals,  as  the  basis 

the  therapeutic  effect.     This  has  been  disproven  only  quite  recently. 

Strophnntkus  was  brought  to  Europe  in  the  early  suties.  and  its  cardbc  actions  were 
pmmptlv  discovered.  Its  introduction  into  medicine  is  due  mainly  to  Th.  R.  Fraser, 
iSSc. 

The  use  of  Sciila  dates  from  the  ancient  Greeks,  although  its  cardiac  action  was 
lot  recognized. 

Apacynum  was  used  by  the  early  settlers  as  a  hydragogue  cathartic  and  diuretic; 
pfaamably  they  learned  its  use  from  the  Indians. 

Convxiltana  has  also  been  used  for  several  centuries  in  domestic  medicine,  against 
oMiftC  sjTnptoms. 

Field  of  Clinical  Usefulness. — Digitalis  and  the  allied  drugs  are  highly 
useful  in  the  course  of  chronic  disease,  when  the  heart  contracts  imper- 
fectly and  becomes  dilated;  either  because  of  incoordinated  or  irregular 
contractions,  as  in  auricular  fibrillation;  or  because  of  exhaustion  of  the 
cardiac  muscle  by  its  inability  to  compiensate  for  the  mechanical  defects  of 
structural  lesions.  The  indications  for  its  employment  are  governed  by 
ihc  functional  conditions  of  the  cardiac  muscle,  and  only  indirectly  and 
loa  minor  degree  by  the  gross  anatomic  lesions. 

The  most  striking  results  arc  seen  in  auricular  fibrillation;  but  equally 
l«neficial  though  less  obvious  improvement  occurs  in  chronic  dilation  in 
ihe  absence  of  fibrillation.  In  the  latter  case,  the  improvement  lends  to 
Iw self -[>erpetua ting,  so  that  digitalis  needs  to  be  given  only  at  intervals. 
With  auricular  fibrillation,  the  effect  must  generally  be  maintained  by 
Oore  or  less  continuous  administration. 

Digitalis  medication  has  not  given  definite  clinical  results  in  acute 
cmliac  conditions,  other  than  exacerbations  of  chronic  lesions;  partly 
perhaps  because  it  was  administered  by  methods  in  which  its  action  is 
"  '►ed  too  slowly  to  meet  acute  conditions;  but  mainly  because  acute 
..i-Jure  is  generally  due  either  to  profound  intoxication  of  the  cardiac 
Oitetle,  or  is  secomlar>*  to  other  conditions  (for  instance  vascular  paralysis 
ui  fevers,  etc.l,  which  must  be  the  real  object  of  treatment. 

Explanation  of  Clinical  Effects. — The  slowed  conduction  and  the 
Qjustular  stimulation  are  both  important;  the  slowed  conduction  being 
axttt  important  in  auricular  fibrillation;  the  muscular  action  in  uncom- 

Lleti  dilation.  The  improved  tone  and  contractibility  of  the  muscle 
the  amplitude  of  the  systolic  contraction,  and  thus  the  time- 
It  counteracts  the  dilation  directly,  and  may  narrow  a  leaking 
ru^. 
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The  vagus  stimulation  and  slowed  conduction  reduces  the  general! 
rapid  rhythm  toward  the  normal  optimum,  and  tends  to  remove  irr 
larities.     In  auricular  fibrillation,  it  blocks  the  majority  of  the  confusi 
impulses;  and  permits  the  ventricle  to  make  eiTeclive  contractions 

All  these  actions  increase  the  efficiency  of  the  circulation,  insuring  a 
better  filling  of  the  arteries,  improving  nutrition  and  oxygenation,  ami 
relieving  the  congested  veins.  The  heart  is  among  the  first  to  feel  the 
effects  of  this  improvement.  The  vicious  circle  of  weaker  heart,  poorer 
circulation  is  reversed  into  the  beneficial  circle  of  stronger  heart,  improved 
circulation;  so  that  the  effects  outlast  the  administration  of  the  drug,  and 
the  improvement  is  perpetuated.  At  the  same  time,  the  circulation  in  the 
kidneys  is  improved,  by  the  faster  blood  flow,  the  increase  of  pulse  pres- 
sure, and  the  relief  of  the  venous  pressure.  The  kidneys  are  thus  placed 
in  the  best  condition  for  filtration  or  secretion.  The  anuria  is  relieved. 
If  there  has  been  edema,  the  improved  kidney  action  results  in  extensive 
diuresis  and  thus  in  the  absorption  of  the  edematous  fluid.  This  in  turn 
improves  the  heart  action  and  the  whole  circulation,  by  relieving  them  of 
the  compression  of  the  ascites.  The  vasoconstrictor  action  may  also  play 
some  part;  since  it  is  strongest  in  the  intestines  and  liver,  it  may  help  to 
relieve  the  congestion  of  these  organs. 

Rise  of  blood  pressure,  as  such,  has  no  important  share  in  the  action, 
for  it  rarely  occurs  clinically,  even  with  intravenous  injection,  or  in  cases 
which  are  greatly  benefited  (Fraenkel  and  Schwartz,  1907). 

Differences  in  Health  and  Disease.-  The  actions  of  digitalis  are  the 
same  whether  the  Iieart  is  normal  or  abnormal;  but  the  results  of  these 
actions  are  somewhat  different,  in  health,  the  results  of  digitalis  consti- 
tute departures  from  the  normal,  which  are  antagonized  by  compensatoi 
mechanisms;  in  disease,  the  results  constitute  a  return  toward  norm 
and  are  therefore  not  antagonized  in  the  same  way.  Consequently; 
the  effects  of  digitalis  are  generally  greater  on  those  circulatory  func 
which  have  departed  most  widely  from  the  normal.  The  removal  of 
cardiac  abnormalities  also  entails  consequences  which  arc  not  witnessed 
in  the  normal  individuals;  such  as  more  efficient  regulation  of  the  rate, 
the  removal  of  irregularities,  of  dyspnea,  of  edema,  the  diuretic  effect. 
etc.  These  differences  could  almost  be  predicted  from  a  proper  under- 
standing of  the  pharmacologic  data;  but  it  is  important  that  they  be  taken 
into  consideration  when  the  results  of  animal  experiments  are  transfen^i 
to  the  clinic. 

Efficiency  of  Digitalis  in  Cardiac  Dilatation. — The  clinical  value  0^ 
digitalis  may  be  best  appreciated  if  it  is  conceived  as  restoring  the  tone 
and  contractions  of  an  exhausted,  fatigued  or  overdriven  but  otherwi^ 
normal  heart  muscle,  to  healthy  etBciency.  It  is  most  useful  in  xho^ 
conditions  in  which  the  ventricular  muscle  is  called  upon  to  do  an  amouni 
of  work  which  exceeds  its  capacity,  and  which  therefore  induces  dilation- 
This  occurs  particularly  in  valvular  lesions,  where  the  incomplete  empty- 
ing of  the  heart  places  the  muscles  under  an  ever-increasing  strain.  The 
response  will  depend  upon  the  quantity  of  muscular  tissue  on  which  the 
digitalis  can  act:  it  is  therefore  generally  more  effective  in  ventricular 
dilation  (mitral  and  tricuspid  insufBcienc>0  than  in  auricular  dilation 
(mitral  and  tricuspid  stenosis).  The  diastolic  expansion  of  a  normal  h 
is  increased  by  the  vagus  action  of  digitalis;  but  the  excessive  dilation  of 
weakened  heart  is  reduced  by  the  muscular  effect.  The  difference 
size  may  not  be  demonstrable  by  clinical  methods. 
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the  cardiac  muscle  is  degenerated,  as  in  cardiosclerosis,  digitalis  will 
be  useless  or  even  harmful,  by  imposing  loo  great  a  task  on  the  few  weak- 
ened muscle  fibers. 

In  cxprrimentai  WHlruntar  diUtian,  produced  by  partial  occlusion  of  the  aorta, 
•ligitaiis  injection  re5tore>  the  heart  to  the  normal  volume.  This  occurs  also  after 
atTiopin  (Hirschfclder,  rgiS). 

Efficiency  of  Digitalis  in  Cardiac  Irregularities.— The  second  important 
(actor  in  the  usefulness  of  digitalis  is  the  regulation  of  arythmias.  It  is 
especially  effective  in  the  **absolule  irregularity"  of  auricular  fibrillation. 
Other  irregularities  are  not  so  much  improved  or  may  even  be  exag- 
i^erated.  Digitalis  is  rather  dangerous  in  partial  heart-block.  It  must 
not  be  forgotten  that  overdosage  of  Digitalis  may  provoke  any  of  the 
clinical  types  of  irregularity  even  in  a  healthy  heart,  and  this  may  occur 
more  readily  when  the  heart  is  disposed  to  them  by  disease.  It  is  there- 
fore necessary  to  watch  carefully  for  the  appearance  of  any  irregularities. 

laflueace  of  Cardiac  Irregularities  on  Cardiac  Output — Experiments  on  dogs 
iho'A-  Lhat  cxtrasysloUs  have  very  little  eilect,  even  when  they  arc  frequent  (( in  4  to  8). 
.{hricular  iuStrr  and  espedally  aurUular  fibriilaiiott  reduce  the  output  considerably. 
Uis  is  due  to  the  irregularity  (premature  beats,  etc.)  rather  than  to  ihe  rapid  rote. 
Urarthlock.  pnrtial  or  complete  diminishes  the  output  greatly,  proportional  to  the  slowing 
4!)^ler  and  Swarthout,  1920). 

Auricular  fibrillation  (formerly  miscalled  "nodal  rhythm"  by  Mackenzie)  is  apt  to 
occur  when  the  auricles  arc  excessively  dilated,  as  in  advanced  myocardial  and  valvular 
leaons.  The  overstretched  auricular  muscles  are  unable  to  make  concerted  con- 
tnctions.  and  instead  enter  into  a  state  of  continual  tremulation  or  fibrillation.  These 
numberless  irre^lar  impulses  are  transmitted  to  the  ventricle,  and  thus  produce  a 
■Try  rapid  confused  rhythm.  The  output  of  the  heart  is  greatly  dccreaaca,  and  the 
rwult*  arc  very  serious, 

TTiis  is  the  condition  in  which  digitalis  produces  the  most  striking  and  rapid  improve- 
ttirnt  fCushny,  ipii;  Mackenzie,  igiil:  The  rhythm  does  not  become  normal  but  the 
ntc  is  reduced  to  about  normal,  the  irregularity  becomes  less  and  ihe  dv'spnea  and  other 
symptoms  of  heart  failure  are   relieved.     The  improvement  of  the   heart  is  better 

E»fl.^r^/{  in  the  apex-beat  (auscultation)  than  in  the  pulse  (Christian,  1915). 
w^riwi  of  Attion  in  Auncular  fibriUation. — The  auricular  fibrillation  is  not 
.  although  it  may  be  presumed  that  the  distention  is  lessened.  The  main  factor 
iprnvemenl  is  probably  the  lessened  conductivity,  by  which  many  of  the  supwr- 
jricular  impulses  are  blocked  from  the  ventricle  (Cushny,  igi;)  for  somewhat 
csidt?.  may  be  obtained  from  simple  vagus  stimulation.  (In  auricular  tibrilla- 
aoD,  mechanical  stimulation  of  the  right  vagus  usually  slows  the  ^'entricular  rhythm 
JHth^t  aflccting  the  auricular  rate  (Robinson  and  Draper,  iqu)- 

kwever,  the  point  of  attack  of  the  digitalis  in  auricular  fibrillation  is  not  through 
LS  center,  as  in  normal  animals,  but  peripheral;  for  it  occurs  even  after  alro,  in. 
my,  1918,  finds  that  a  similar  effect  on  .\-V  conduction  is  produced  by  digitalis 
hearts  that  have  been  weakened  by  prolonged  perfusion.     He  suggests  that 
ipheral  action  of  digitalis,  both  in  this  case  and  in  auricular  fibrillation,  is  con- 
on  malnutrition  of  the  heart-muscle.     The  direct  regulating  action  of  digitalis 
liac  muscle  may  play  some  part;  for  il  has  been  found  that  digitiilis  tends 
:gularitirs  in  excised  hearts. 

Blcod  Flow. — The  improvement  under  digitalis  in  auricular  fibrillation  is 

tnicd  by  a  prompt  and  decided  increase  in  the  blood  flow  through  the  hand. 

is  no  evidence  of  purely  local  vasodilation,  this  means  improved  output  of 

In  a  case  in  which  there  was  no  clinical  improvement  toere  was  also  no 

of  the  blood  flow  ("Stewart  and  Scott,  iQts)- 

To  obtain  the  best  results  in  auricidar  fibrillali&n,  the  digiUdis  must  be 

K'd  with  full  doses.     Sfnullcr  doses  must  then  be  continued  for  a  long 
giving  just  enough  to  keep  the  rale  between  60  and  70  per  minute, 
dosage  is  often  indicated  by  occasional  reduplication  of  the  pulse 
wave.     This  is  an  indication  to  reduce  the  dosage. 
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These  "coupUd  beah"  (pulsus  bigeminus)  are  not  produced  by  digitalis  in  anyi 
condition  (Mackenzie).     liiach  ventricular  beat  origioating  Irom  the  auricles  is  followed 
by  another  arising  in  the  ventricle  (Lewis,  iqii). 

If  the  auricular  fibrillation  occurs  in  cardiosclerosis  or  when  the  myocardium  is 
excessively  weakened,  digitalis  is  much  less  effective  and  much  more  dangerous. 

Exce3sive  doses  of  digitalis  (also  of  barium,  aconite,  etc.)  may  of  themselves  product 
auricular  tibrillation,  in  man  as  well  as  in  animals,  by  increasing  the  excitability  of  tlic 
auricles  fCushny.   1911). 

Deficient  Vagus  Tone. — Insimple  qttickenin^  of  the  cardiac  rate, by  diminished  vipn 
tone,  the  etBcicncy  of  digitalis  depends  upon  the  cause.  In  the  milder  grades  of  carduc 
dilation,  the  vagus  tone  is  automatically  inhibited  in  the  effort  to  keep  the  blood  prev 
sure  to  the  normal.  Digitalis,  by  strengthening  the  beats,  removes  tne  need  for  iht* 
rapid  contractions,  and  they  naturally  return  to  the  normal  rate.  The  return  is  doabt- 
less  hastened  by  the  direct  stimulant  effect  of  digitalis  on  the  vagus  mechanism.  In 
some  cases,  it  fails  to  slow  a  fast  but  regular  rate;/.!.,  the  rapid  heart  rate  of /rsvr  is  nol 
much  affected. 

Parnxysnuil  Tachycardia. — The  response  varies.  In  some  cases,  digitalis  is  pnclii 
caLIy  ineffective;  in  others,  intravenous  strophanthtn  reduces  the  rate  very  stritif.;! 

Periodic  changes  in  sinus  rhythm  (such  as  the  exaggerated  respiratory  vari^ili"  1-, 
which  occur  in  general  nervous  exhaustion,  rather  than  in  cardLic  disease)  arc  not  bene 
fited  by  digitalis.  On  the  contrary,  the  vagus  stimulation  would  tend  to  render  their 
more  marketi. 

Eztrasystoles. — These  would  not  be  remox-ed  hy  digitalis  since  they  are  probablj 
due  to  heightened  irritability  of  the  myocardium — a  condition  which  could  oiuy  \yr  f 
aggerated  by  digitalis.     I^xtrasystoles  due  to  ner\'Ous  exhaustion.  in<liKe**tion,  n.'  'i'l 
etc.,  do  not  require  medicinal  treatment;  they  tend  to  disappear  under  suitable  hy^cr 
and  in  any  case,  they  have  no  serious  significance.    (The  influence  of  various  drugs ofi 
extra5>'stoIes  has  been  studied  by  McCord,  igu.) 

Guthrie.  191 7,  reports  that  digitalis  (toxic  doses)  decreases  the  irritability  of  frof 
and  turtle  heart  to  extra  systoles  by  electric  stimulation. 

Partial  Heart-block  (diminished  conductivity  of  the  auriculo-v-entricu- 
lar  bundle). — This  is  always  exaggerated  by  digitalis:  a  slight  retarda- 
tion between  the  auricular  and  ventricular  contraction  may  thus  be 
converted  into  a  partial  block,  so  that  the  ventricles  rcsi>ond  only  to 
every  second  or  third  heal  of  the  auricles;  or  a  partial  block  of  this  kind  may 
be  converted  into  a  complete  block,  the  ventricles  assuming  their  character- 
istic slow  independent  rhythm.  In  partial  heart-block  (even  when  the 
a-c  inte^^-al  in  the  jugular  tracing  is  merely  lengthened)  digitalis  should 
be  avoided,  and  employed  only  with  caution  when  it  is  otherwise  urgently 
needed.  If  the  need  for  it  exists,  however,  it  may  relieve  the  s>Tnptoms 
even  though  it  exaggerates  the  partial  block. 

Complete  Heart-block. — In  this,  digitalis  can  do  no  further  harm;  f(*' 
It  does  not  slow  the  spontaneous  ventricular  rhythm.  On  the  contrary. 
it  would  tend  to  quicken  the  Ijeat;  at  all  events  it  would  tend  to  render  it 
more  effective.     It  might  therefore  be  of  some  use  (Bachmann), 

In  complete  experimental  heart-block  (dogs)  strophanthin  first  increased  the  f»t 
and  strength  of  the  ventricular  contraction.  This  was  followed  by  sudden  vefilrioiUf 
arythmia  and  tachycardia,  increasing  to  fibrillation.  The  auricles  werr  strengthenot 
their  rate  sometimes  quickened  or  slowed.  The  blood  pressure  rose  in  the  first,  nu 
stin  more  in  the  second  stage  (van  Egmond,  1013). 

Irregularities  in  the  Strrnglh  of  the  Cardiac  Contractions  (Pulsus  altemans).— Tboc^ 
as  contrasted  vnxh  irregularities  of  rhythm,  are  currently  attributed  to  ejthaustiofl 
of  the  myocardium.  They  should  therefore  be  improved  by  digitalis.  It  must  t* 
employed  wnth  caution,  however,  for  similar  irregularities  are  prominent  in  digit*li* 
poisoning,  and  an  exhausted  heart  is  more  subject  to  these  eflects. 

Use  of  Digitalis  in  the  Special  Cardiac  Lesions. — No  cardiac  le^on,  tfj 
such,  either  indicates  or  contrainditates  digitalis.     Wlialever  the  lesiot 
digitalis  would  be  superfluous  so  long  as  compensation  is  fairly  perfectil 
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he  indications  for  its  use  arise  only  when  compensation  fails;  and  then 
s  possibilities  for  good  or  harm  are  determined  by  the  physiologic  con- 
Itions,  as  they  have  been  discussed,  rather  than  by  the  location  of  the 
oatomic  changes.  | 

Aortic  IfisuficUncy  not  a  Contraindkalion. — The  older  clinicians,  since  Corrigan, 
msidered  disitalis  as  contraindicated  in  this  condition,  fearing  that  the  prolonged 
Ebstole  would  give  the  blood  in  Uie  brain  a  chance  to  gravitate  back  into  the  heart, 
ad  thus  produce  syncope. 

The  apprehension  appears  to  be  unfounded  (Christian,  ipig).  Digitalis  is  now 
iven  freely,  as  in  other  lesions.  It  is  advisable  to  keep  the  patient  in  bed  during  the 
fgitalization. 

F  The  occurrence  of  syncope  on  changing  suddenly  from  the  prostrate  to  the  upright 
ration  n\ay  occur  uncler  the  influence  of  digitalis,  even  with  other  lesions;  the  patient 
hould  be  cautioned  as  to  this. 

Gebhart,  igii,  has  tried  the  effect  of  digitalis  on  experimental  aortic  insuJicUncy 
fi  rabbir*:  He  found  that  it  lessened  the  dropsy  and  mortality;  but  did  not  prevent 
prdiac  hypertrophy. 

f  Chronic  Myocarditis. — Digitalis  would  generally  be  cflScient  against  the  dilation 
lid  irregularity;  hut  it  must  be  used  cautiously  if  the  muscle  is  degenerated. 

Cardiosclerosis. — It  must  be  remembered  that  the  most  useful  effects  of  digitalis  are 
ptTKJuccd  by  stimulation  of  the  cardiac  muscle.  As  a  result  of  the  better  nutrition 
poduced  in  this  nmnncr,  the  muscular  fibers  may  afterward  hypertrophy,  or  new  Sbers 
•y  possibly  be  formed;  but  the  primary  action  of  digitalis  itself  is  confined  to  the 
kody  existing  muscle;  consequently  it  will  be  of  no  use  if  there  is  practically  no 
lude  left  to  respond  to  it.  It  is  therefore  useless  with  a  heart  which  has  undergone 
■rkcd  fatty  or  fibrous  degeneration.  In  this  condition  it  is  often  contraindicated, 
toiuse  the  overworked  muscle  is  more  readily  poisoned. 

Bigk  Blood  Pressure. — This  has  little  bearing  on  the  usefulness  of  digitalis.  Its 
Enstence  docs  not  contraindicate  the  administration. 

Acute  Myocarditis  and  Endocarditis. — The  use  of  digitalis  is  debatable:  it  can  easily 
Ibl  to  dangerous  overstrain  of  the  h>'perscnsitive  muscle. 

Digitalis  in  Pneumonia  and  Other  Fevers. — It  has  been  shown  con- 
fcisively  that  fever  does  not  modify  the  digitalis  actions^  the  heart  re- 
ponding  just  as  in  non-febrile  individuals  (Cohn  and  Jamieson,   iqi;, 

S.  Hart,  1919,  Hirschfelder,  1920).  Digitalis  would  therefor  be  indi- 
ted in  pneumonia  patients  with  cardiac  lesions,  and  particularly  with 
uricular  fibrillation  (Cohn,  1915).  In  the  absence  of  these,  however, 
Is  usefulness  is  very  doubtful  (Hart»  IQ19).  The  terminal  collapse  in 
tver  is  apparently  not  due  primarily  to  cardiac  failure;  and  digitalis  is 
Helically  ineffective,  just  as  in  other  forms  of  "shock"  {G.  Schwartz, 
506). 

It  should  be  remembered  that  fever  renders  the  heart  more  susceptible  to  digitalis, 

that  the  dosage  should  be  smaller  (llirschfelder  et  al,  1920). 

Aneurysm. — The  sudden  distention  of  the  aneurysmal  sac  by  a  larger  mass  of  blood, 
^ikh  would  be  the  result  of  digitalis,  is  exactly  contraindicated.  The  only  reason 
*iy  digitalis  has  not  done  more  barm  in  this  way  is  that  it  has  not  generally  been  used 

Umre  enough  doses  to  have  a  marked  effect. 

Bemorrha^e. — TTiis  would  similarly  contraindicate  digitalis. 

Absoiptioa. — The  slow  ousel  of  the  symptoms  shows  thai  absorption 
rom  the  alimentary  canal  is  very  gradual;  it  is  more  rapid  with  rectal, 
Dd  especially  with  intramuscular  administration. 

The  dose  influences  the  rale  of  absorption  materially.  With  oral 
dministration*  the  rate  of  adsorption  increases  with  the  dose  {Hatcher, 
Ipog);  but  is  always  quantitatively  uncertain.  The  variation  is  espec- 
diy  great  with  Strophnnlhus  (Hatcher,  1909).  This  accounts  for  the 
Dsatisfactory  clinical  results  from  the  oral  use  of  this  drug.  The  safe 
would  be  so  small  as  to  be  generally  ineffective;  a  really  effective 
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dose  could  be  highly  dangerous,  according  to  the  individual  absorption. 
ndlcborein  is  probably  not  absorbed  at  all  from  the  alimentar>'  canal,  sinctt^ 
It  commonly  produces  only  diarrhea,  without  cardiac  effects  (Cushny,^ 
etc.,    1912).     Digitoxin   appears    to   be   hietter   absorbed    than    digitalis 
(Eggleston,  1915)  or  strophanthin  (Hatcher  and  Eggleston,  1919).    The 
tincture  of  digitalis  is  absorbed  more  rapidly  than  the  infusion. 

The  cMoroform-boIublc  extract  is  absorbed  more  ronipIeU'Iy  and  uniformly  (Hatcher, 
iQ2o).  Digipuratum  and  digaleo  are  not  decidedJy  superior  (Haskell,  McCants  and 
Gardner,   19 16). 

Diftrent  Portions  of  the  Digestive  Trad. — Quantitative  studies  by  Ogawa,  ipii, 
indicate  that  digitalis  is  not  absorbed  from  the  stomach.  From  the  intestines,  .u  to  4? 
per  cent,  were  aosorbcd  in  two  hour%  from  digitalis  leaves;  willi  digipuratum,  the  absorp- 
tion was  52  In  61  per  cent,  in  two  hours;  65  per  cent,  in  three  hours. 

Destruction  in  Alimentary  Canal.— The  digitaloids  arc  practically  unaffected  b^ 
pepsin  or  lr>psin  (GoodoU  and  Reid,  1914^,  but  a  small  quantity  of  the  glucosd»  is 
probably  destroyed  by  the  acidity  of  the  gastric  juice  (^ Hale,  iQti;  Holste,  i9i.>;Sc^nd, 
iQii).  Johanncssohn,  1914,  found  that  alkalies  weakened  only  crystalline  K-strophM 
thin;  acids,  this  and  amorphous  K-strophanthln  and  strophanthus  tincture.  The 
amorphous  strophanthin  is  changed  mostly  to  strophanthidin,  and  partly  to  an  inactiw 
resin.  Ouabain  is  unaltered  by  either  acids  or  alkalies,  which  is  an  advantage  in  iu 
administration.  However,  with  the  usual  short  contact,  the  destruction  of  (he  otbc/ 
principles  is  probably  also  unimportant  (Hatcher,  iqog). 

In  the  rat.  with  the  oral  administration,  strophanthin  is  mostly  desiroyeil  in  the  larfc 
intestine.  Of  digitoxin  also,  variable  amounts  are  destroyed  before  absorption  1  Hatcher 
and  Eggleston,  tQrQ). 

Lhota,  1Q12  and  IQ13.  invokes  gastric  destruction  to  explain  the  habituation  wfaicb 
he  liclicves  to  occur  in  rabbits. 

Disappearance  in  the  Body. — The  digitaloidfi  disappear  from  the  blood  almost 
immediately  after  the  injection  of  even  much  more  than  fatal  doses  CHatcher  tod 
Eggleston,  1012;  Lhota,  iQii). 

7^5  rapid  disappearance  is  due  to  wide  distribution  in  probably  all  the  tissues;  for  it 
occurs  if  the  circulation  is  restricted  to  limited  areas;  not,  however,  if  it  is  reslrictrJ  l" 
the  heart  and  lungs  alone.  The  liver  plays  perhaps  a  larger  part  than  other  orp*"^^ 
In  rats,  the  greater  part  is  fixed  by  the  liver  ("Hatcher  and  Kggleston,  1019). 

The  further  fate  of  the  digitalis  substances  is  not  definitely  known.  From  tie 
duration  of  their  action  Cloetta  and  Fischer,  1906,  and  Hatcher,  191 2,  conclude  th&i 
a  part  must  be  stored  in  the  cardiac  tissue.  Lhota,  jqw,  claims  tnat  digitoxin  is  fau/>il 
chiefly  in  the  heart  and  blood  vessels,  less  in  the  liver  and  other  organs.  According  to 
Clark.  iQi.?,  there  is  no  evidence  that  the  digitaloids  arc  cither  fixeo  or  destroyed  in  tbt 
tissues,  so  that  their  distribution  would  be  rather  one  of  selective  solution  aflSnity. 
In  proportion  to  their  slow  excretion,  they  would  gradually  diffuse  back  into  iJic  blooo. 

Excretion. — The  digitaloids  arc  partly  destroyed  in  the  body,  mainly  by  the  liver, 
and  partly  excreted  unchanged.  The  excretion  occurs  chiefly  through  the  Wle,  so  llu' 
the  substance  may  be  demonstrated  in  the  feces  after  intravenous  injection.  K  «n»B 
fraction  is  excreted  by  the  kidneys.  This  increases  if  the  bile  duct  is  tied  (Hatcher  lo*! 
Eggleston,  1919K 

Onset  of  Action. — When  small  therapeutic  doses  of  the  Digitalis  dni|? 
are  administered  by  the  alimentary  canal,  the  effects  develop  ver^-  sIowK" 
It  may  be  several  hours  before  any  action  can  be  noted.  The  full  effe»1 
is  reached  much  later;  twenty-four  to  thirty-six  hours  for  the  drculatoO* 
actions;  seventy-two  hours  for  the  diuresis. 

This  delay  is  due  mainly  to  the  insufficient  dosage;  i.e.,  several  dose* 
must  accumulate  before  the  effective  dosage  is  reached.  When  fuU 
therapeutic  doses  arc  given  at  once,  as  in  the  Eggleston  method,  definite 
effects  (T  wave)  occur  within  2  to  4  hours,  and  reach  the  maximum  in 
6  to  24  hours  (Robinson,  iQip;  Pardee,  iq?o). 

Absorption,  however,  plays  some  part  in  the  delay ;  for  with  intraxTDOti* 
injection  of  strophanthin  or  digitalis,  the  circulatory  action  begins  a^ 
once,  and  the  diuresis  starts  in  a  few  hours  (Fraenkel  and  ScbwarU* 
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-y,  Haicher  and  Bailey,  1910).  However,  the  reaction  continues  to 
increase  for  some  time. 

Duration  of  Action.— The  digitalis  effects  endure  for  a  long  time  after 
the  administration  has  stopped,  whether  the  drug  was  given  by  the  mouth 
or  vein.  It  is  difficult  to  establish  a  time  for  the  clinical  reaction,  because 
when  compensation  has  been  established,  it  tends  to  persist,  independ- 
ently of  the  drug  (except  in  auricular  fibrillation),  until  some  extra  de- 
mand causes  a  fresh  break  of  com[>ensation.  This  probably  holds  true  to 
some  degree  of  the  other  cardiac  changes.  The  persistence  of  the  drug- 
effect  depends  also  upon  the  total  dose.  One  can  therefore  only  deal  in 
approximations.  The  effects  of  a  "full"  dose  of  digitalis  or  digitoxin 
seem  to  persist,  with  gradual  decline,  for  one  to  three  weeks,  according 
to  the  total  dosage;  but  for  shorter  periods  with  some  of  the  other  di- 
gitaloids,  especially  strophanthin  and  ouabain. 

Clinically,  the  duration  of  the  actual  digitalis  action  can  be  judged 
by  the  alteration  in  the  T-wave  of  the  electrocardiogram.  This  persists 
from  1  to  22  days,  averaging  about  g  days  after  discontinuance  of  the 
administration  (G.  C.  Robinson,  1919,  White  and  Morris,  1918).     The 

I\tr  clinical  facts  lead  to  the  same  conclusion  (Eggleslon,  191 2). 
Pardee,  1019,  estimates  the  rate  of  disappearance  in  man.  after  full  therapeutic 
Eb,  as  avetagin^  0.15  Gm.  of  Digitalis  per  day. 
yhe  duration  of  the  digilalis-effcct  can  he  measured  accurately  in  animals  by 
tcher's  method  (differeniial  fatal  dose):  In  cats,  one-half  of  the  original  effect  of 
an  intravenous  injection  persists  for  the  following  number  of  days:  digitalis,  five  to 
twelve  days;  digitoxin,  fourteen  (dogs,  two  days;  rabbitb  less  than  one  day);  di^italein, 
three;  dlgitalin  German,  three;  digitalia  true,  less  than  two;  ouabain  and  strophanthin 
lesa  than  one  (Haicher,  ig^i).  Klein,  1914,  believes  that  the  action  of  strophanthin 
m&yperiist  for  a  month  in  cats. 

Tne  duration  is  much  shorter  in  dogs  and  especially  in  rabbits,  as  quoted  for  digi- 
loodo.  Apparently,  the  more  resistant  a  species  is  to  digitalis,  the  shorter  is  the  action. 
Both  facts  pcrhap:!)  depends  on  the  rate  of  eHminaiion. 

Racial  Tolerance. — Great  differences  exist  in  the  susceptibilit}'  of  diflerent  specie 
to  the  dilfitalis  jwisons.     Rodents,  toads  (Vulpian,  1R56)  and  the  grass-snake  are  espc- 
^rik  resistant  but  not  immune.     With  mammals  the  difference  is  perhaps  partly  n 
^Hber  of  excretion;  but  tiie  resistance  se*ms  to  bt  mainly  in  the  tissues. 
^"Curiously,  the  rrsiilancc  of  the  toad  and  snake  does  not  extend  to  the  related  action 
of  btriura  or  saponin  (Heuscr,  1902;  Clark,  1911)-    The  toad  resistance  is  generally 
»llributcd  to  habituation  for  iH  own  poison;  ana  Filippi,  191.3,  claims  that  loads  de- 
prived of  their  poison  are  very  sensitive  to  digitalis. 

The  fatal  dose  for  rats  is  nearly  a  thousand  times  greater  (per  kilogram)  than  that 
fctcats.  even  h>TX)dermicaUy  (Hatcher,  1909);  and  thirty  times  as  much  as  for  rabbits. 
9*"»n.  191),  found  that  the  concentration  requiretl  to  arrest  the  isolated  heart  in  u 

E^in  time  is  also  forty  times  Rrcater  for  rats  than  for  rabbits;  showing  that  the  diflfcrence 
■  in  the  heart  itself  Similar  relations  hold  for  the  toad  and  snake  (Clark). 
Lbota,  191 },  asserts  that  rabbits  acquire  an  added  tolerance  by  habituation;  thb 
Ottds confirmation.  Klein,  1914,  dcscriljes  a  similar  induced  tolerance  in  cats.  Salvia- 
^g,  1907,  claims  that  ruminants  are  more  resistant  to  oral  administration,  hut  not  to 
^^^venous.  indicating,  that  in  these  animals  the  drugs  are  partly  destroyed  in  the 
^HMtivc  canal.  Lhota,  1009,  states  that  young  animals  are  more  resistant  than  adults. 
^■finsooal  Variations  in  Susceptibility. — These  occur  in  frogs  and  guinea  pigs  (Haskell 
^■IJ  and  1914;  Vanderkleed  and  Piltenger.  1913;  Baker,  191.^).  It  is  interesting  that 
^Wfcy  nyi  reverse  to  the  seasonal  variations  of  acetonitrilc  and  diphtheria  tQ;i(in(Uaskcll. 

Cumulative  Action.— The  effects  of  digitalis  tend  to  be  cumulative; 
lliai  is.  the  same  doses,  continued  day  by  day,  tend  to  produce  ever-in- 
creasing effects;  or  more  commonly,  toxic  effects  develop  suddenly,  without 
^■arning,  after  small  doses  have  been  continued  for  some  lime.  In  the 
therapeutic  use,  the  dose  must  therefore  either  be  diminished,  or  toxic 
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phenomena  result,  often  quite  abruptl5\  This  cumulative  action  may  be 
explained  in  part  by  the  slow  and  uncertain  absorption  and  excretion* 
The  principal  factor,  however,  is  probably  the  slow^  persistent  and  pro- 
gressive action:  Since  the  effects  of  a  single  dose  may  persist  over  several 
days  or  weeks,  tJbe  effects  of  all  the  doses  which  are  given  in  the  meantime 
are  more  or  less  summed  up;  and  the  effects  of  digitalis  are  determined  by 
the  total  dose,  and  not  by  the  single  or  even  by  the  daily  dose. 
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CHRONIC  DIGITALIS  POISONING  IN  ANIMALS 

von  Lhota,  1910,  has  studied  this  in  dogs  which  were  poisoned  for  several  montbi 
by  slowly  increasing  doses  of  DigiLilis.  The  phenomena  correspond  closely  to  thcjae 
observed  in  man:  The  pulse  after  nine  or  ten  days  shows  occasional  short  periods  of 
slowing,  but  willi  the  heart  regular  and  strong.  If  the  administration  is  continued,  the 
slowing  becomes  more  persistent  and  more  marked  and  arhythmic.  Later,  the  pulw 
rate  again  increases  to  normal  or  somewhat  above.  The  pulse  changes  outlast  the  ad- 
ministration for  a  long  time;  in  severe  acute  poisoning,  they  may  persist  for  jevrral 
weeks;  after  chronic  poisoning,  ihey  may  last  over  a  month.  Lhota  believes  Uutt  the 
effects  are  at  first  cumulative,  but  that  later  some  tolerance  is  acquired  especially  iQ 
rabbits  (Lhota,  igu);  but  the  evidence  for  habituation  is  not  coniincing. 

Typical  cumulative  poisoning  has  also  been  obscrvxd  in  cats  (Klein,  1914) 
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These  are  not  al  all  uncommon.^  The  effects  of  the  drug  vaT>'  so  much 
according  to  the  condition  of  the  heart,  according  to  absorption  and  cumu- 
lation, etc.,  that  the  dosage  is  very  uncertain.  The  drug  must  be  givcfl 
until  the  desired  therapeutic  effect  is  obtained;  and  the  zone  between  the 
really  efficient  therapeutic  action  and  the  toxic  action  is  so  narrow,  that  ibe 
minor  toxic  manifestations  are  apt  to  occur  at  any  time.  Indeed,  it  is 
often  necessar>'  to  "push  "  the  drug  intentionally  to  this  point,  for  the  full 
therapeutic  effect  practically  coincides  with  the  minor  toxic  manifesU- 
tions  (Eggleston,  1915).  These  do  no  permanent  harm,  if  the  dosage 
is  reduced  immediately  on  their  occurrence;  but  if  they  are  disregarded 
the  results  will  be  most  serious. 

Digestive  Disttubances. — These  occur  early  and  are  easily  recognized, 
so  that  they  are  ver>'  important.  They  consist  in  nausea,  great  malaise, 
and  often  headache  which  may  be  very  distressing.  If  the  drug  is  con- 
tinued, vomiting  will  occur.  Diarrh^^i  is  not  very  common  with  dipiiali^* 
more  frequent  with  strophanlhus,  squill  and  helleborein.  UTien  any  «f 
these  digestive"symptoms  occur  the  dosage  should  be  reduced  or  stof^- 
They  will  then  subside  in  one  or  two  daj's. 

Cardiac  Irregidarities. — Digitalis  may  simulate  any  of  tJic  cliniol 
irregularities;  so  that  it  is  sometimes  difficult  to  distinguish  between  ihcm, 
particularly  in  advanced  poisoning.  To  establish  their  causation  by  digi- 
talis, it  must  be  shown  that  they  were  absent  before  the  drug  was  givtn, 
and  that  they  disappear  in  a  reasonable  lime  after  its  discontinuance. 
The  early  effects,  however,  are  fairly  characteristic.  The  most  common 
is  excessive  vagus  stimulation  (sinus  irregularity).  It  is  best  seen  whea 
the  heart  is  slowing  after  a  little  exercise.  The  rate  may  fall  to  50  or  f\tn 
lower;  so  that  s\'ncope  may  occur  between  the  contractions.  The  rh>lhni 
may  remain  regular;  but  ventricular  extrasystoles  are  common.  This 
stage  would  not  occur  in  auricular  fibrillation,  nor  in  absolute  heart-blodt. 

The  next  stage  is  usually  that  of  partial  heart-block,  especially  if  it^ 

<  Bailey.  lOll,  claims  that  in  a  srrit^  of  ninety  caam  at  Bclltvur  Ilaapital.  23  prr  cent, 
•omc  (oTtn  of  toxic  action.  atthouKh  the  Kdmiiiiimtion  was  conducted  with  the  crc*tc*t  ck 
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iductivily  was  naturally  low.  It  may  occur  with  relatively*  small  doses 
(Windle,  191  ij*  ^^d  may  be  permanent  (Taussig,  1912);  Christian,  191s, 
records  transient  auriculoventricular  dissociation. 

The  final  stage  is  that  of  muscular  irrilabiliiy,  first  indicated  by  extra- 
systoles.  These  are  particularly  common  in  auricular  fibrillation,  giving 
the  "coupled  beats."  With  more  advanced  toxic  action,  there  occur 
the  same  effects  as  in  animals:  high  blood  pressure  (vasoconstriction); 
xtiy  rapid  rhythm,  with  periodic  changes  in  amplitude,  pulsus  alternans 
(rarely). 

Dosage. —  Eggleston,  191  a,  fmds  that  iht  toxic  effects  depend  mainly  on  the  total 
dose,  modified  hy  the  weight  of  the  patient,  the  activity  of  the  preparation,  absorption, 
indiWdual  su&ceplibiiity  and  the  nature  of  the  heart  lesion,  with  the  ordinary  ener- 
getic administtation,  ^he  characteristic  coupled  beats  occur  when  the  total  quantity  of 
digita.li9  has  reached  2.^5  to  6.2s  Gm.  Since  the  action  persists  partly  from  one  to 
three  weeks,  these  irregularities  u-iU  recur  with  a  smaller  dosage. 

Ralio  of  Toxic  attd  f^that  Dose. — With  intravenous  injection,  the  lethal  dose  of 
any  digitalis  prciKiration  is  constant  for  cats.  The  toxic  dose,  however,  \'arie5  with 
different  animals.  According  to  electrocardiograms,  it  ranges  from  35  to  60  per  cent, 
of  the  lethal  dose;  avera^ng  about  50  per  cent,  la  any  individual  cat,  however,  it  is 
fairly  constant  (T-evine,  iqiq). 

Duration  of  Irregularities. — This  depends  on  the  total  dosage,  and  therefore  on  the 
severity  of  the  phenomena.  ERgleston,  191 2,  found  that  coupled  beats  generally 
outlasted  the  administration  by  four  to  twelve  days;  heart-block,  three  to  six;  auricular 
BhriUation,  three;  muscular  irritability,  two;  sinus  irregularity,  two  days. 


ACUTE  DIGITALIS  POISONING 

The  symptoms  set  in  relatively  late  (one  to  twenty-four  hours);  and  they  generally 
bave  a  long  course,  so  that  a  weak  or  two  may  cbpse  before  death.  The  i>ymptom5  are 
those  of  cumulation— gastro-intcstinal  disturbances,  slow  and  arhythmic  pulse,  etc., 
Usritudc,  muscuhir  and  sensory  derangements.  Death  generally  occurs  suddenly, 
*ith  dyspoeic  con\'ulsion5.     Consciousness  persists  late. 

The  treatment  would  consist  in  evacuation,  quietness,  possibly  diffusible  stimulants, 
md other  symptomatic  treatment.  A  cathartic  !<hould  be  given.  (The  claim  of  Krause 
J90'i,  that  diajitusc  is  an  effective  antidote  to  strophanthus  is  doubtful.) 

The  £atal  dose  varies  greatly,  on  account  of  the  variable  absorption,  the  occurrence 
of  vomiting,  etc.:  2.$  Cm.  of  digitalis  has  been  fatal,  whilst  4  Gm.  nas  been  followed  by 
rtcovery  CLewinV 

The  symptoms  in  mammals  arc  ver>'  similar.  The  svmptoms  of  fatal  intravenous 
'ejection  of  strophanthin  include  vomiting  and  diarrhea  (Iwta  central),  and  convulsions 
'Hatcher.  1909). 

Contraindications. — Digitalis  should  be  avoided  in  partial  heart-block, 
and  in  advanced  myocardial  degeneration.  Its  sdministration  requires 
even  more  Llian  ordinary  care  in  coronar>'  sclerosis,  in  aortic  insufficiency 
4nd  in  the  presence  of  any  irregularities,  particularly  auricular.  Renal 
diseases  emphasise  the  tendency  to  cumulation. 

ADMINISTRATION 

'oi  Statement. — Digitalis  is  usually  started  when  decompensation 

occurred.     It  is  then  desirable  to  induce  the  efTecls  as  promptly 

may  be  feasible  and  safe;  and  to  maintain  them  as  long  as  necessary. 

Intravenous  administration  would  be   the  promptest  method;   but 

has  drawbacks  that  restrict  it  mainly   to  emergencies.     Ordinarily, 

objects  are  fully  met  by  proper  oral  administration.     In  this,  it 

rfieressar}'  to  remember  the  long  duration  of  the  digitalis  action,  and 

consequent  cumulative  action.     It  must  be  emphasized  that  therefor 

total  accumulated  dosage  is  of  more  importance  than  the  single 
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doses;  that  practically  no  therapoulic  effect  is  produced  until  the  tota 
dosage  approaches  the  toxic;  that  the  dosage  must  be  reduced  whd 
the  desired  action  has  developed;  thai  the  patient  must  therefor  be  closclj 
watched.  He  should  be  seen  at  least  daily,  while  under  active  medication 
and  the  intensive  methixis  are  safest  under  hospital  conrlitions.  If  toxk 
symptoms  appear,  the  administration  should  be  temporarily  suspended 
i.e.,  if  nausea  develops;  if  the  pulse  falls  below  50;  or  if  any  of  the  charac 
teristic  digitalis  irregulariiies  arise. 

In  the  intensive  methods  it  is  also  indispensable  to  employ  digital 
preparations  of  known  activity;  tested  first  on  animals,  and  then  checkec 
by  cautious  observation  in  the  clinic.     The  dosage  should  be  measured 
accurately,  and  not  estimated  by  ** drops.'*     Febrile  temperature  rendci 
the  heart  more  susceptible  to  digitalis,  so  that  the  dosage  should  be  reduced 

Systems  oj  Oral  Adm'inisiralxon. — These  may  be  groui>ed  into  th< 
intensive,  the  cumulative,  the  constant  dose,  and  the  maintenance  method 
The  intensive  methods  aim  to  givc^the  greater  part  of  the  total  dosagv 
at  once,  and  practically  the  whole  within  a  day.  The  cumulative  method* 
accumulate  the  effective  dosage  by  divided  doses  in  two  or  three  days. 
The  constant  dose  methods  tend  to  err  on  the  side  of  safely,  and  often  ^'Q^ 
not  reach  the  effective  dosage  at  alL  The  intensive  methods  are  most 
effective,  and  under  the  best  hospital  conditions  are  probably  the  most 
satisfactory.     The  cumulative  method  occupies  a  middle  ground. 

InUnsive  Method. —Egghsion,  1915,  determined  the  total  dosage  of 
standardized  digitalis  necessary  to  produce  full  therapeutic  or  minor 
toxic  effects,  as  0.15  ** cat-units"  per  pound  of  body  weight.  With 
tincture  so  adjusted  that  i  re.  kills  !  kilogram  of  cat,  this  would  mean 
15  c.c.  of  tincture  per  100  pounds  of  body  weight.  Eggleston  therefor 
proposed  to  give  half  of  this  dose  at  once  (i.e.,  7.5  c.c.  of  standardized 
tincture  per  loo  pounds);  followed  in  six  hours  by  one-fourth  of  the 
total  dose,  then  smaller  fractions  evcr>'  4th  to  6th  hour  till  the  (oial 
dosage  or  full  response  are  reached. 

Tlie  advantages  of  this  method  have  l>een  confirmed  by  White  and 
Morris.  1918;  G.  C.  Robinson,  ipig.  and  others.  The  response  starl5 
definitely  in  3  to  5  hours  after  the  first  dose;  reaching  its  maximum  within 
24  hours;  and  continuing  without  further  administration  for  4  to  15  day** 

Relalion  of  Therapeutic  Ejects  tc  Doxage. — This  has  been  worked  out  by  Egeleston. 
T915.  in  terms  of  "cat-units;"  a  "cat-unit"  corrrsponding  to  the  quantity  of  (Be  drtij 
per  kilgram  of  cat,  that  is  just  fatal  by  intravenous  injection  under  suitable  coaditJoi>* 
(Hatcher,  iqiol.  Eggleston  found  tliat  the  relation  of  effect  to  dose  I  tat  units)  i* 
remarkably  uniform,  for  a  given  drug,  regardless  of  the  presence  or  nature  of  cardi»f 
disease.  Whatever  the  condition,  the  total  dose  of  digitalis  by  mouth,  to  the  anpcartnc' 
of  the  first  impruvenienl  averages  o.og  cat-units  per  pound  of  body-weight  fabootoQ 
Gm.  of  good  digitalis  per  100  pounds);  for  full  therapeutic  or  minor  to-^ir  effects  aU* 
cat-units  per  pound  (about  t.5  Gm.  per  too  pounds).  With  digitoxin.  the  conrspowJ- 
ing  doses  are:  first  improvement.  0.04  cat-units  ner  pound  (1.4  mp.  per  roo  pounds'; 
full  therapeutic  effect.  0.066  cat-uniLs  per  pound  (2.3  mg.  per  100  pounds).  The  olicf 
digitaUtids  give  variable  results,  by  mouth,  because  of  uncertain  absorption.  They*" 
therefore  unsuited  for  the  intcn.sive  method. 

CumiUaiive  Method. — These  start  with  a  daily  dose  equivalent  to  j  to 
6  c.c.  of  the  Tincture  of  Digitalis  (MacKenzie  and  Cushny).  divided  into 
3  or  4  portions,  and  continued  until  the  desired  effect  is  obtained,  when  llw 
dose  is  reduced  to  the  maintenance  dosage. 

Maintenance  Dosage, — When  decompensation  is  only  lemporar>"  the 
improvement  is  often  lasting,  and  the  digitalis  may  be  discontinued  wbeo 
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isation  has  oeen  restored.  In  auricular  fibrillation,  however,  it  is 
accessary  to  keep  up  a  continuous  digitalis  effect.  Clinical  experience 
das  shown  that  this  should  not  exceed  the  daily  dosage  of  i  c.c.  of  Digitalis 
Tincture  (A.  Frankcl,  1907).  This  is  not  quite  equivalent  to  the  capacity 
i(  destroying  digitalis,  which  Pardee,  1919,  calculated  to  average  1.5  ex. 
jf  Tincture  (i  c.c.  =  1  cat  unit).  There  is  therefor  little  danger  of 
cumulation. 

Continuous  Methods. — The  older  methods  of  using  digitalis  cmploj-ed  a  dosage 
ipprnximating  the  maintenance  dosage.  This  would  be  unsuccessful,  except  when 
jmploNing  preuarations  struager  than  the  standard. 

Choice  of  Digitalis  PreparAtions. — Of  the  various  preparations  of  Digitalis,  a  good 
Unclurc.  physiologically  standardized,  has  many  advantages. 

The  infusion  is  uncertain  and  unstable.  It  was  formerly  considered  as  more  active 
than  the  tincture,  but  this  was  generally  due  to  the  administration  of  larger  doses. 
FluidextracLs  arc  unreliable  (Ilaskell  and  Ktklcr,  1913).  The  powder  may  be  used, 
|jut  has  no  advantage,  and  is  apt  to  l>e  more  irritant.  The  pill  of  Digitalis,  Squill  and 
Calomel  ("Guys  Hti-^pital  Pill""!  seems  needlessly  complex.  Digipuraturo  seems  to 
be  a  ^^od  preparation  (Boos,  Newburgh  and  Marks,  191 1);  but  as  nas  been  stated,  a 
good  Tincture  is  as  satisfactory  as  any. 

It  may  often  seem  that  one  preparation,  or  one  digitaloid  drug,  give*  results  where 
another  has  failed,  Tliis  is  scarcely  a  conclusive  demonstration  of  its  superiority,  even 
in  that  particular  patient,  since  the  cardiac  condition,  and  therefore  toe  response  to 
digitalis,  is  apt  to  varv  from  day  to  day.  Differences  in  clinical  results  are  often  due 
to  differences  in  the  disease,  rather  than  in  the  drug.  The  same  is  true  of  the  gastric 
effects . 

Cushny,  iqii.  considers  that  i  part  nf  Digitalis  is  clinically  equivalent  to  J^i  part 
of  Strophanthus.  or  \  to  4  parts  of  Squills. 

Intravenous  and  Intramuscular  Injection  of  Strophanthin. — Intraven- 
ous digitalis  therapy  was  tried  clinically  by  Koltman  and  by  Mendel  in 
1905;  but  the  preparations  which  they  employed  were  not  satisfactory'. 
Tbe  method  has  been  put  on  a  sound  basis  by  the  introduction  of  stro- 
phanthin (A.  Fraenkel  and  Schwartz,  1907;  Krchl,  tqoy).  This  is  soluble 
in  water  and  has  the  advantage  of  a  more  uniform  composition^a  very 
important  matter  when  so  potent  a  procedure  is  employed.  It  also  acts 
wore  promptly  than  digitalis,  and  has  less  tendency  to  cumulation  and 
vasoconstriction. 

The  therapeutic  events  correspond  with  those  of  digitalis  adminis- 
^tion.  but  occur  much  more  rapidly:  The  first  change  is  the  increased 
JDplItude  of  the  pulse  wave,  which  can  f>e  observed  in  three  or  four  min- 
^K.  The  pulse  then  becomes  fuller  and  less  irregular,  ami  the  symptoms 
^Bcardiac  failure  (dyspnea,  cardiac  distress,  etc.)  are  improved.  The 
^Ming  of  the  rhythm  sets  in  somewhat  later:  its  maximum  is  only  reached 
^Br  several  hours,  when  the  rate  ma>'  become  slower  than  that  of  the 
^^Nnal  heart.  The  blood  pressure  is  not  altered — or  rather  it  tends  to 
'*ttiain  or  return  to  the  normal.  The  diuresis  also  begins  in  a  few  hours. 
I  The  increased  amplitude  outlasts  the  slowing. 

I  The  intravenous  administration  is  especially  indicated  in  the  acute 
icular  failure  of  advanced  heart  disease -it  is  immaterial  whether  the 
bre  is  of  the  right  or  left  heart.  It  sometimes  appears  to  give  good 
ills  in  collapse.  e.g,y  of  typhoid  fever  (Hoepffncr;  Liebermeister).  It 
i*aUo  of  advantage  in  starting  digitalis  therapy  in  somewhat  less  urgent 
^^,  following  it  in  twenty-four  hours  by  oral  administration  of  digitalis. 
^e  intravenous  method  is  not  vcr>'  suitable  for  continuous  digitalis 
• — partly  on  account  of  the  inconvenience  and  discomfort,  and 
because  the  smoother  action  secured  by  gradual  adsorption  should 


be  more  beneficial  to  the  heart  than  the  daily  repetition  of  the  stormfl 
effect  of  the  intravenous  injection.  "  J 

Comparison  of  Intravenous  Ouabain  and  Oral  Digipuratim. — A.  E.  Cohn  and  LcvJ 
TQ20,  compared  the  ejects  on  patients.  The  respoosc  to  ouabain  was  naturally  mon 
prompt  and  less  persistent.  Ouabain  led  less  often  the  alteration  of  the  T  wave,  bill 
more  frequently  to  toxic  eflfects.  1 

Use  after  Digitalis. — The  previous  use  of  digitalis  renders  the  intra3| 
venous  injection  very  dangerous,  since  the  eflfects  of  the  two  drugs  will  be 
immediately  added.     At  least  two  or  three  days  free  from  Digitalis  shoulc 
intervene,  and  the  dose  of  Strophanthin  should  be  di\'ided  in  half  and 
jected  in  three  or  four  fractions  several  hours  apart.     In  advanced 
this  fractionation  should  be  practiced  even  if  the  patient  is  not  und< 
digitalis. 

Intravenous  dose  :  With  the  amorphous  strophanthin  (Boehringer)  this 
is  I  mg.  or  less  per  day.     Hatcher  and  Bailey,  1910,  have  used  ouab: 
in  the  same  way.    It  is  about  two  and  one-half  times  as  active,  and  i1 
dose  would  therefore  be  Ijj  mg.  or  less,  as  i  :6,ooo  to  i  :8,ooo  solution 
normal  saline.     Bailey,  1909,  prefers  the  intramuscular  injection  of 
same  dose  (as  1:4000).    This  is  almost  as  prompt  and  effective,  but 
slightly   painful.     Intravenous   injection   sometimes  produces   cyanc 
chills  and  slight  fever  (Seifert,  1909).     Digipuratum  may  be  used,  0.1  Gi 
1^2  gr-i  per  dose.     The  intravenous  dose  of  other  digitaloids  (accordi 
to  their  toxicity  for  cats,  Hatcher  and  Bailey,  1910    would  be:  digitoxii 
1.5  mg.;  tincture  digitalis,  4  c.c, 

I  RECAPITtJLATION  OF  OTHER  DIGITALOID  DRUGS 

These  present  quantitative  differences,  which  might  be  of  some  thera- 
peutic value  if  they  were  better  understood.  At  present  they  possess  no 
serious  advantage  over  digitalis  for  oral,  and  the  strophanthins  for  venous 
administration.  These  accomplish  all  that  can  be  done  by  any  digi- 
laloid  drug.  Many  of  the  substitutes  are  inferior  in  solubility  and 
absorbability. 

Isolated  Digitalis  Principles. — These  have  proven  disappointing,  since 
the  only  one  which  can  be  obtained  pure,  digitoxin,  is  undesirable. 

Digitozin. — This  has  the  undesirable  features  of  producing  excessive  trrttation,  ttxA 
of  being  nearly  insoluble  in  water.  It  may  be  dissolved  in  2$  per  cent,  of  alcohol. 
It  has  been  used  clinically,  ci»pecially  by  Masius,  xSq4,  Corin,  1S95,  and  t^glesion.  iot5> 
{cf.  Intensive  Ural  Digitalis  Medication).  It  is  better  absorbed  than  Digitalis.  Tbf 
usual  daily  dose  by  mouth  is  i  to  3  mg..  largely  diluted;  hj-podermically.  0.5  mg.  (i  cc 
of  0,05  per  cent,  in  25  per  cent,  alcohol;  Unverricht,  1805;  it  produces  irritation^ 

Digitaliii"True." — Thisisalsoinsolubleandemetic,  but  non-irritant  and  not  greatly 
cumulative.  Clinically,  it  has  proved  too  feeble,  a  variable  quantity  being  probablr 
decomposed  in  the  stomach  fDcucher,  i8g6).  It  has  been  used  in  do^n  of  1  to  3  nig. 
up  to  8  to  16  mR.  per  dav;  even  50  mg.  have  been  given  without  toxic  effects  (Pfafi>  i89'J 
It  is  administcreu  in  pills  or  dissolved  in  dilute  alcohol. 

Commercial  Digitalins. — These  have  no  advantage  over  the  galenic 
preparations.  The  uncertain  composition  of  these  mixtures,  and  tbc 
danger  of  confusing  the  similarly  named  but  very  different  preparations, 
should  preclude  their  use.  At  least.  **digitalin"  should  never  be  p*^ 
scribed  without  specif>nng  the  variety  (verum,  German,  French,  etc)- 

Digitolin  German. — This  contains  considerable  digitonio.  Soluble  in  wsler  or 
alcohoL     Oaity  dose,  6  to  jo  mg.,  Hi  ^  H  gr-  (Beatcs,  1907). 
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Commercial  Specialties. — These  are  also  indefinite  mixtures  of  the  same 

impure  principles.      The  most  important  are: 

Digiptmtuin,  N.N.R.(GotUicb). — This  is  a  purified  solid  extract,  freed  fromdigito- 
nin,  onu  standardized  to  the  same  activity  as  digitalis  leaves.  It  conlaiiib  all  the  cardiac 
^lucosids,  is  uniform,  reliable  and  stable  (Hale,  igio^  and  is  relatively  non-irritant;  but 
all  these  ieaturcs  are  possessed  bv  a  good  tincture  (Dixon,  1912;  Cow,  1912).  It  is 
insoluble  in  cold  water,  but  dissolves  on  the  addition  of  a  little  alkali.  Its  dosage  is 
that  of  digitalis  leaves. 

IHgalen  ("  Digitoxin  soluble,"  Cloetta,  1904). — This  has  been  widely  advertised  as 

an  amorphous  and  soluble  isomer  of  digitoxin.     tCiliani,  1907,  states  that  it  consists 

>n«iiily  of  digitalcin  Schm.;  his  opinion  should  carr>'  weight.    It  was  said  to  be  free 

from  the  disad\*antages  of  digitoxin;  but  it  is  of  variable  activity,  unstable  (Hale,  1910) 

produces  considerable  irritation,  is  not  suitable  for  hypodermic  injection,  and  causes 

cumulative  effects  (Fracnkel,  1007-  Westcnrijk,  iqoS).     It  therefore  possesses  no  real 

advantage  over  a  good  tincture  (Dixon,  Cow,   1012),  except  for  \'enous  injections, 

and  these  cause  pain  and  sometimes  thrombosis.    It  is  marketed  as  a  solution  (  i  c.c.  = 

0.3  rag.  of  the  glucosids).    The  intravenous  dose  is  i  cc,  repeated  in  one-half  to  one 

hour  8  necessary. 

Strophanthins. — These  have  the  advantages  of  being  less  irritant  and 
less  cumulative  than  digitalis;  but  the  absorption  is  so  uncertain  that  their 
use  by  mouth  is  not  advisable  (Hatcher  and  Bailey,  1909).  This  is  re- 
flected in  the  ver>'  different  doses  of  strophanthus  used  by  various  clin- 
icians. It  is  also  liable  to  produce  diarrhea.  The  main  field  of  the  stro- 
phanthins is  for  intravenous  injection.  Ouabain  has  the  advantage  that 
Its  identity  is  assured. 

Apocynum  (Canadian  Hemp)  is  an  effective  member  of  the  group, 
but  without  serious  advantages. 

Aciive  ConstUucfUs. — These  were  isolated  independently  by  Finnemorc,  1909,  and 
Moore,  1909.  The  principal  constituent  of  Apoc.  canoabinum  is  a  neutral  crystalline 
bitter  principle,  Cynotoxin;  that  of  Apoc,  androsaemifoUum  is  Apocynamarin.  They 
arc  identical  pharmacologically  and  perhaps  chemically.  They  are  destroyed  by  boiling 
nith  acids  or  alkalies,  although  they  are  not  glucosidaj.  They  arc  believed  to  be  dilac- 
toncs  of  KUiani's  digitogenic  acid.  Impens,  1913,  affirms  that  the  active  principle 
(which  he  calls  ^'Cymorin")  is  the  same  for  both  species,  and  that  apocjTuimarin  is 
probably  a  decomposition  product.  The  chemistry  and  clea\agc  products  of  cymarin 
are  described  by  Windaus  and  Hermann.  1915.  Apoc^-nin  and  apocyncin  of  Schmicde- 
bcrg  were  impure  mixtures.  Commercial  apocynin  is  acctovaoiilm  (Finncmore,  1908), 
and  is  practically  inactive  (Wood,  1904). 

Achons. — These  agree  with  digitalis  tDalc  and  I^Aidlaw,  1909,  who  studied  the  pure 
principles).  The  cardiac  action,  therapeutic  and  toxic,  of  cymarin  (frog,  Kuroda,  1914; 
electrocardiograph,  v.  Hecht.  191 5)  is  somewhat  weaker  than  that  of  strophanthin- 
It  produces  practically  no  irritation,  but  relatively  strong  vasoconstrictor  effect.  Kur- 
oda claims  that  the  cumulation  and  emetic  effects  are  weak;  but  Taviani,  1915,  finds  the 
scriou:»  disadvantages  of  uncertain  absorption,  and  variable  slrength  of  the  commercial 
cymarins.     Large  doses  are  also  nephritic. 

Beco  and  Dossin,  2919,  with  intravenous  injections  in  dogs  confirm  the  slowing, 
by  vagus  stimulation  (central  and  peripheral);  but  claim  that  the  cardiac  tonus  was 
decreased,  and  never  raised.  The  blood  pressure  rose  by  general  vasoconstriction. 
especially  splanchnic  (direct  action  on  vessels).  The  urine  flow  was  hindered,  the  renal 
veaiets  being  constricted  even  by  minute  doses. 

C>'raarin  has  been  used  clinically  like  strophanlhin,  by  vein  or  muscle,  o.x  to  0.5 
tag.;  h>'podcrmic  injection  is  too  irritant.  It  is  difficultly  soluble  in  water,  easily  in 
alcohol.  It  has  also  been  given  by  mouth,  0.3  mg.,  three  to  five  limes  daily  (von 
Noorden,  1916;  bibliography).  OaisbOck,  1915,  on  the  basis  oi  his  clinical  and  ex- 
perimental  studies,  emphasizes  the  need  of  caution  in  its  use. 

The  drug  could  probably  be  spared. 

Scilla  (Squills). — This  produces  the  same  eflfects  as  digitalis,  experi- 
mentally and  clinically  (in  auricular  fibrillation).  The  dosaf^e  required 
to  produce  the  typical  resi>onsc  of  heart-block  and  reversal  of  T-wave  is 
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from  24  to  48  c.c.  of  tincture  per  day  (Viko,  1920).  i.e.,  considerabli 
larger  than  the  official  dose.    Toxic  symptoms  are  rare.     The  mild( 
action  and  larger  dosage  are  due  to  poor  absorption,  for  the  intravenoi 
dose  is  about  the  same  as  for  digitalis  (Ejjfgleston).     The  poor  absorptioi 
renders  it  undesirable  as  a  digitalis  substitute  (Dixon,  1906)*  although  it 
was  advocated  by  Haynes,  1906. 

Scilla  was  formerly  used  as  expectorant  (nauseant)  and  general  diuretic. 
It  is  not  well  suited  to  either  purpose.     There  are  much  safer  expectorants^ 
and  diuresis  occurs  only  when  cardiac  edema  is  relieved  (Viko). 

Active  ConstUticnis. — The  activity  was  attributed   to  two  amorphous    glu< 
sctllipicrin  and  scUlitoxin;  but  Ewins,  1911,  found  these  to  be  impure  mixtures.     K( 
aczcwsid,  1914,  claims  to  iiave  isolated  two  active  principles:  Scillitin,  the   toxic  coi 
stitaent,  a  nitrogen-free  glucosid;  and  SdUidiuretin,  watersoluble,  markedly  diureti< 
but  of  low  toxicity. 

Adonis  resembles  scilla  more  closely  than  digitalis  (Chevalier,  1913).     Rocb  lod 
Cramer,  1914,  find  even  large  doses  inefficient  in  cardiac  diseases.     Tuckermann,  lOiJUH 
claims  that  "adonidin"  is  a  mixture  uf  an  acid  and  neutral  glucosid,  both  posscs«qjH 
digitaloid  effects,  the  acid  being  also  hemolytic.  ^H 

Convallaria  (Root  of  Lily  of  tlie  Valley);  active  constituent,  the  glucosid  convafla- 
marin.  is  considered  rather  uncertain  (Roch  and  Cramer,  1914).  _ 

Helleborein  is  a  glucosid  from  the  rhizome  of  Helleborus  niger  {HriirbrorO     \\ 
digitalis  action  depends  on  the  presence  of  an  acetyl  group  {Sieburg,  1913).    It  i* 
absorbed   from  the  human  intestinal  tract  and  and  therefore  produces  only  diarrbc 
clinically  CCushny,  etc..  1912). 

Erythrophloein  is  an  alkaloid  with  digitalis  action,  obtained  from  "Sassy  Bark' 
(Chemistry.  Power  and  Salway,  igi3). 

Barium  Salts — (See  Index). — These  have  been  used  in  veterinary  medicine,  but  trt] 
too  dangerous  for  man  (Report,  Counc.  Pbarm.  Chem.,  1911,  p.  53). 


BIO-ASSAY  OF  DIGITALOID  DRUGS 

The  potent  effects  of  these  drugs  makes  variations  in  their  activity 
very  serious.  Considerable  variations  occur  in  tJie  crude  drugs,  and  still 
more  in  their  preparations.  It  is  therefore  essential  that  they  be  stand- 
ardized. Since  their  activity  is  not  due  to  a  single  principle,  chemic 
assay  is  out  of  the  question;  and  recourse  must  be  had  to  bit)-assays.  It 
has  been  objected  to  these  assays  that  they  standardize  the  toxic  and  not 
the  therapeutic  effect.  The  objection  is  not  well  founded,  since  both 
actions  are  produced  by  the  same  substances  and  must  therefore  bear  a 
definite  ratio  to  each  other.  Clinical  experience  has  borne  out  the  great 
practical  value  of  the  bio-assay  (Rowntree  and  Macht,  1916). 

The  U.S.P.  has  adopted  the  frog-methods  as  official,  but  optional. 
Several    methods    are  in  actual  use  (Gottlieb,  1914;  Santesson,  1915). 

Patal-dose  Methods, — These  determine  the  fatal  dose,  i.r.,  the  smallest  dose  whicij 
kills  a  given  weight  of  animal  in  a  given  time.  The  most  convenient  is  the  twehT-orl 
twenty-four-hour  frog  method  (suggested  by  Cushny,  and  elaborated  by  Houghtoi 
iHqR;  being  the  first  commercial  bio-assay  process).  Guinea  pigs  may  also  be  use<i  for 
determining  the  fatal  dose  (Reed  and  Vandcrkleed),bul  have  no  serious  advantAj^* 
The  chief  objection  to  the  lethal  dose  methods  is  that  the  results  arc  not  characteristic 
for  digitalis,  but  might  be  due  to  any  toxic  constituent.  j 

Thf  tivcra^e  Xf  F.D.  (minimum  fatal  dose)  of  w>meof  the  drugs  is  as  follows  (cxprcssrdj 
as  miltigrains  of  drug  per  gram  of  frog-weight;  the  data  are  taken  from  Uoughton  wcA 
others): 


Crudf  Dfuns 
Di«itallA  I   5 

Squill 1 .  J 

Strophanthus. -  0.0075 
OtovkUuuu  ..  o-as 


Printiples 

Strophanthin  cryit-  KomM o.ooi 

Stroplunthm  amorph.  Merck.  . . .  o  00094 

Ou&Min 0.0004A 


Commercial  Prtfarmlift 

Diffi tali n  German o.•5^< 
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Houghton*  ipog  and  igu;  and  Hamilton,  suggest  expressing  the  strength  as  Heart 
Tonic  L'nits  (H-T-Uj,  based  on  the  toxicity  of  crystalUne  Kombt^  strophanthin. 

For  guinea  pigs,  the  M.F.D.  of  digitalis  is  0.06  to  0.1  Gm.  per  240  Gm.  pig  (Keed). 

Pittenger  and  Vanderklecd,  1015,  propose  the  use  of  gold-fish. 

The  Frog-standstill  Methods.— These  determine  the  smallest  dose  which  produces 
the  t>-pical  ss-stolic  arrest  of  the  heart.  They  are  thus  theoretically  superior  to  the 
fa-taldose  method;  practically,  the  results  arc  fairly  parallel.  Various  modifications  are 
in  use.  The  simplest  of  all  the  assay  methods  is  tlic  onc-kour  frog  meikod  of  Famulener 
»nd  Lyon. 

The  M.S.O.  (minimum  systolic  dose)  is  as  follows  (milligram  per  gram;  Hale  and 
others) : 

digitalis 0.5-1       bigitoxin... 0,0085       Digipuraium 0.6 

Strophanthus       0.0075     Strophanthin  amorph,  ooon        Digitalin  German.    .  007 

Ouabain ...       o  0003-0.001  Digitalin  FrcncL 0.013 

Digitalein o  024 

Uodiflcadoas. — Gottlieb,  190S,  rou,  allows  only  thirty  to  forty-five  minutes  for 
lbci>-slolic  standstill.  This  was  used  by  Lehnerl  and  Loeb,  1014.  Kocke,  ipoft,  uses 
a  fixed  dose,  and  judges  the  strength  by  the  time  required  to  product-  systolir  arrest. 
The  method  in  described  by  Fuehner,  igii.  and  Heinz.  1913.  The  short  time  does  not 
suffice  to  secure  complete  absorpdon  (Schmiedebcrg).  Objections  have  also  l>ecn 
raised  by  Lut^kaja,  190^,  and  Hartung,  iqi2. 

Excised  or  perfused  hearts  have  been  used  mainly  in  scientific  investigations 
(Schniiedeberg,  lyio;  Hartung,  igi  j;  Gros,  iqiy,  Slraub,  Santesson,  10 '5). 

Fallacies. — --\11  frog  methods,  and  to  a  somewhat  smaller  e.vtcnt  the  guinea-pig 
method,  are  open  to  certain  errors,  depending  on  the  inconstant  absorption  and  incon- 
stant susceptibility  of  different  animals  i  V  aiidcrkleed  and  Piitenser.  it>i.^i.  These 
must  be  met  by  usin^a  sufficient  number  of  test-animals.  In  addition,  there  arc  con- 
siderable seasonal  and  other  vari.Ttions  Kach  lot  of  frogs  must  therefore  be 
sundardizcd  by  determining  their  susceptibility  to  a  standard  preparation.  This  opens 
another  fallacy,  namely,  that  a  given  change  of  conditions  may  modify  the  susceptibility 
in  a  different  degree  for  each  drug,  as  has  been  shown  for  the  influence  of  temperature 
(Baker,  1Q12  and  igij).  Alcohol  {2^  per  cent  )  is  npt  disturbing  for  frogs  f Haskell, 
191O,  but  is  nrotcctive  for  guinea  piys.  With  guinea  pij»s,  age,  sex  and  ^^ciKhl  are 
uaimDorlant;  out  there  arc  con-sidcrable  individual  and  marked  seasonable  variations, 
and  the  food  aiso  has  an  influence  (Vanderkleed  and  Pittenger,  1913;  Haskell,  igi ;). 
Vaodcrklced  and  Pittenger,  igM,  believe  thai  the  variations  of  guinea  pigs  are  not  great 
(^QQUgb  to  necessitate  control  animals. 

Even  with  these  limitations,  practical  experience  shows  tliat  the  intact-frog  methods, 
*heD  properly  and  criticallv  performed,  permit  the  estimation  of  the  relative  activity 
o'limuar  preparations  (suc6  as  a  series  of  tinctures)  with  a  probable  error  not  exceeding 
*5  per  cent. — a  sufficiently  close  approximation  for  practical  purposes.  On  the  other 
n>d,  ihev  are  unreliable  for  comparing  the  relative  activity  «f  dissimilar  dnigs,  /.i., 
thantnin  and  digitoxin.     The  greater  toxicity  of  strophanthin  could  be  due.  at 

si  in  part,  to  more  rapid  absorption — a  factor  which  might  be  ver>'  different  in  the 
Liian  subjctt.  This  could  he  excluded  by  using  the  excised  heart;  even  then,  however, 
■  *i>uld  be  doubtful  whether  the  same  quantitative  relations  hold  for  the  human  heart 
*^  for  the  frog's. 

The  intravenous  cat  method  of  Hatcher  avoids  most  of  these  objections  <Eggleston, 
'91O.  DifTcrences  in  absorption  are  excluded  by  the  method  of  administration;  the 
•ction  is  purely  cardiac,  and  thus  measures  the  characteristic  digitalis-cfTccl,  which  is 
^X  easily  simulated  by  other  toxic  principles;  and  the  cat  heart  must  resemble  the 
«uman  in  its  reactions  much  more  closely  than  that  of  the  told-blot>dcd  animals, 
indeed,  experience  indicates  that  its  resemblance  is  closer  than  that  of  other  mammals. 
fivcn  unrelated  digitaloid  principles  may  therefore  be  compared.  Another  advantage 
'ji  that  the  response  of  individual  cats  is  remarkably  uniform,  so  that  the  probable  error 
**  much  smaller,  and  the  standardization  of  the  indix-idual  cats  is  usually  not  necessary. 

The  method  is  sufficient  simple:  it  merely  determines  the  fatal  Kg. -dose;  the  solu- 
>o  being  injected  into  the  femoral  vein  at  such  speed  that  death  occurs  in  about  one 

*  one-half  hours.  This  quantity,  expressed  as  milligram  of  drug  per  kilogram  of  cat» 
*i4titutcs  a  "cat-unit"  (Hatcher  and  Brody,  1910).  The  intravenous  therapeutic 
"^  for  man  is  about  s  cat-units. 

With  the  slower  acting  digitalis  preparations,  the  death-point  can  be  hastened  by 
the  rapidly  acting  ouabain  to  complete  the  reaction;  alrout  75  pc'  tent,  of  the  fatal 
ol  tiie  duDtelcnd  are  injected  in  ftfteen  minutes,  and  after  an  interval  of  ten  minutefc 
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the  reaction  is  completed  with  i:  10,000  of  ouabain  (Hatcher  and  Brody,  XQioj.  This 
expedient  liad  also  been  very  useful  in  ascertaining  the  absorption  and  persistence  ol 
digitaloids. 

The  cat-method  is  probably  the  best  for  the  investigation  of  fundamental  clinical 
problems;  but  it  is  not  necessary  for  the  commercial  standardization.  Thcresultsof 
Eckler.  1911,  enjoin  caution  against  its  use  without  special  experience.  ThefoUowine 
table  gives  for  a  number  of  drugs,  the  miUigrams  that  contain  a  cat-unit;  i,c  that  kill 
1  Kg.  of  cat  (Hatcher,  19x3); 


Crudt  Drugs 

SqoiU 

Buonymus 

BoUeoorus  - 
Digitftlu. . 
ApocynuTD . 


Commercial  Prtpar 


Principles 

575  Adonidin 4.35  Digitolin  German j.t 

47S    Digitalcin.. j-S      DwitAtin    co'st.    NAtivdk 

100  Convallanuna..., ,.   1.7       (Levinc.  1020) 0> 

190  HcUeboTcin .«»..»•.  x?     Ouabain  Arnand  {X^eviDe)  o.o( 

70  Difiitaltn  true i.j 

ConvalUha 50  SciTlitoxin  .    04 

Strophanthus  Kombo.    ..       3.0  Digkoitin o.j-o-S 

Strophanthut  hiipidui ,  ■  ■    ■   1.5  Strophanthinamorph- 0.13-0.17 
Ouaoaio o  i 


Macht  and  Colson,  igi7,  state  that  the  Hatcher  method  givea  more  uniform 
if  the  vagi  are  divided;  but  the  toxicity  is  higher. 

Attempts  to  utilize  the  blood  pressure  and  pulse  reactions  have  been  unsuccessfult 
since  these  are  too  variable. 


PREPARATIONS — DIGITALIS  GROUP 


•  Disitaiis  CDi^t.)»  U.S.P.;  Digitalu  Folia  (Digit.  Fol.)»  B.P.;  DigiUtift  (Fox  Gk»vt 
Leaves). — The  dned  leaves  of  Digitalis  purpurea.    The  B.P.  specifies  that  ihey  ni 
be  collected  when  the  plant  is  beginning  to  flower,     Dose^  0.06  Gm.,  i  gr.,  U.S-P< 
0.03  to  0.13  Gm.,  ^  to  3  gr.,  B.P.;  as  pills.     Maximum  dost,  0.2  Gm.,  3  gr.^ 

The  activity  of  different  samples  01  digitalis  varies  considerably,  so  tl^t  th^  ihauM 
be  standardized  by  bio-assay.  This  apphes  also  to  the  Tincture.  If  preserved  reascft- 
ably  dry,  the  leaves  keep  indefinitely.  The  leaves  of  the  first-year  plants  are  as  good 
as  the  second  (Sharp  and  Lutikastet;  Caesar  and  l^retz,  iqio).  Plants  cultivjied 
in  America  (Ncwcomb,  tqis)  are  as  good  as  the  wild  European  (Hale,  1910;  Miller Aod 
Baker,  tqti;  Rowntre«  and  Macht,  1916).  Those  grown  during  a  wet  season  are  If* 
active  (Caesar  and  Loretx,  1907). 

The  petioles,  ribs  and  hairs  of  ihe  leaves  are  relatively  inactive  (Newoomb  ao^ 
Rogers.  191S). 

Other  species  of  digitalis,  e.g.  D.  Thapsi,  also  have  the  actions  of  the  group  (Farwefl 
and  Hamilton,  1917). 

White  and  Morris,  1918,  claims  that  DigUoHs  lutea  is  as  effective  as  purpurea  od  tfac 
heart,  and  apficars  to  be  less  emetic  and  less  convulsive. 

•  Injusum  DigUaiis  (Inf.  Digit.),  U.S. P.;  Infusion  of  Digitalis. — 1.$  per  ctDt; 
flavored  with  cinnamon  (U.S. P.  VUl  also  contained  alcohol).  Must  be  freshly  prcp«rtd 
from  the  leaves.     Dose,  4  c.c,  t  drum,  U.S. P. 

•  Inf.  JHiiialisy  B.P. — 0.7  per  cent.;  note  that  this  is  only  half  the  strength  of  tbe 
U.S.  P.     Dose,  7  to  15  C.C.,  2  to  4  drams,  B.P. 

Fidrxt.  Digit.  U.S.P.  Made  with  50  per  cent  alcohol.  Dose;  0.05  c.t,  1  niiaifl>. 
U.S.  P.     A  rather  variable  preparation. 

•  Tituiura  Digitalis  (Tr.  Digit.),  U.S.P.,  B.P.— 10  per  cent,  of  drug  in  70  per  ctnL 
alcohol.  Alisciblc  with  alcohol  or  water  (with  slight  turbidity  due  to  the  fat;  ccrUifl 
proprietary  tinctures  deprived  of  fat  do  not  become  turbid,  but  have  no  other  nd\iA' 
tage).  Incompatihte  with  acids  or  tannin.  Dose^  0.5  ex.,  8  minims,  U.S.P.;  0.3  to  1  c 
S  to  I  s  mi  nima,  B.P.  Unstandardized  tinctures  generally  vary  in  activity  by  200  to  ioo 
per  cent.  (Kraenkcl;  Edmunds,  etc). 

Di£iiaiis  Principles  and  Proprietory  Preparaiions. — These  were  di<icus£ed  on  pH«* 
461  and  487. 

Strophanthus,  U.S.P.;  Slrophanlh.  Scm.,  B.P.— The  dried  ripe  seeds  of  Stioph»ftti«» 
Kombd  (also  of  Strophanthus  hispidus,  U.S.P.);  obtained  from  central  ana  vcslcrfl 
Africa.     Dose,  0.06  Gm.,  i  gr.,  U.S. P. 

Ext.  Sirophanth,  B.P. — A  powdered  extract,  representing  s©  per  cent,  of  dn*- 
DosCj  16  to  60  mg.,  H  to  I  gr.,  B.P. 

1  Under  proper  precautiont.  the  "  MAumum  doMS  "  of  the  druB*  of  this  ttitiup  ma  be 
exceeded - 


m 
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'  Tinctura  Stropkanthi,  U.S. P.,  B.P. — 10  per  cent.  (ThU  is  th«  same  strength  as  the 
VS.?.  VIII,  but  four  tiines  as  strong  as  the  old  B.P.)  Dose,  0.5  c.c,  S  minims,  U.S.P.; 
M3  to  0.5  c.c,  3  to  8  mimms,  B.P.  Maximum  dose,  0.5  ex.,  8  minims.  However,  the 
absorption  is  so  uncertain  that  no  reliable  dose  can  be  stated.  Unstandardized  tinc- 
tures ore  about  as  variable  as  digitalis. 

*Sirophamftinum  (Strophanthin.),  U.S.P.;  (Amorphous)  Strophanthin. — Aglucosid 
ormiitureof  glucosidsfrom  Kombc  Strophanthus  White  orycllowishpowdcr.  Ver>'soI. 
b  water  or  diluted  ale;  nearly  insol.  in  lipoid  solvents.  Dose,  t  mg.,  ,Ui)gr.,  by  mouth; 
iatiftvcnous  (or  muscular),  0.75  mg.  Ho  gr,,  U.S.P.     Maximum  dose,  i  mg.,  }^o  gr. 

Ouabain. — g-Strophanlhin-Crystalline;  sol.  in  water  (to  1  per  cent.),  more  sol.  in 
bot;  sol.  in  dc;  difficulty  in  lipoid  solvents.  Dose,  one-half  that  of  the  official 
^trcjphanthin. 

Ampuls  of  Ouabain  deteriorate  rapidly  through  the  alkalinity  of  the  glass  (Levy 
wdCiulen,  igao);  but  may  be  made  stable  by  using  a  m/ 50  phosphate  mixture  of  pAT— 
MCohn  and  Levy,  1920). 

SciUa,  U.S.P.,  B.P.;  Squill. — The  dried  fleshy  scales  of  the  bulb  of  Ur^ea  maritima 
iUrginea  Scilla,  B.P.).  Dose,  o.i  Gm..  iH  gr.,  U.S.P.;  0.06  to  0.2  Gm.,  x  to  3  gr.  B.P 
Uudmuro  dose,  0.5  Gm.,  8  gr. 

Autum  ScUitt  (Acct.  Scili.),  U.S.P.;  Vinegar  of  Squill. — 10  per  cent.,  in  Add.  Acet. 
Wl,    Dos€t  I.  c.c,  15  minims,  U.S.P. 

Acei.  ScUl.,  B.P.— 30  per  cent,  (twice  the  strength  of  the  old  B.P.).  Dose,  0.3  to 
tec.,  5  to  15  minims.  B.P. 

Pldtxl.  ScilL,  U.S.P.— Dose,  0.1  c.*;.,  i^  mininls,  U.S.P.     This  formerly  contained 
icetic  acid,  but  Houghton,  IQ06,  showed  that  the  acid  diminished  the  activity  by 
lalf.    For  the  same  reason,  the  Vinegars  of  Squill  are  unscientific. 
OxymrJ  Sciil,.  B.P. — 33  per  cent,  of  Acet.  Scill.     Dose,  3  to  4  c.c.  Hto  i  dram,  B.P. 

Pii.  Ipecac,  c.  SciU.,  B.P. — Contains  about  5  per  cent,  of  Opium  as  Pulv.  Ipecac. 
^.; Squill  and  Ammoniac.     Dose,  0.25  to  0.5  Gm.,  4  to  8  ^.,  B.P. 

Pii.  Scill.  Co.,  B.P. — 35  per  cent,  of  Squill,  with  Gmgcr,  Ammoniac  and  Soap. 
3*«,  O.J5  to  0.5  Gm.,  4  to  8  gr.,  B.P. 

*Syr.  Scill.,  U.S.P.,  B.P. — Prepared  from  Acet.  Scill.,  representing  about  5  per  cent. 
rfSqiulI.     Dose,  2  cc,  30  minims,  U.S.P.;  2  to  4  c.c,  )^  to  i  dram.  B.P. 

Syr.  Scill.  Co.,  U.S.P.  (CZoxe's  Hive  S>Tup).— An  antiquated  cough  mixture;  the 
iNrore  dose,  2  cc,  30  minims,  U.S.P.,  representing  0.16  Gm.  (2^4  grj  each  of  Squill 
ind  Senega,  and  4  mg.  (Hs  gi")  of  Tartar  Emetic 

*Tr.  ScUl.,  U.S.P. — 10  per  cent,  in  75  per  cent.  nlc.     Dose,  1  cc,  15  minims,  U.S.P. 

Rium  tiosc,  3  ex.,  30  minims, 
r.  Still.,  B.P. — 20  per  rent.     Dose,  0.3  to  1  c.c,  5  to  15  minims,  B.P. 
pWa  (Urgin.)i  B.P.;  (Indian  Squill). — The  dried  young  bulbs  of  Urginea  indict, 
reparations  correspond  in  title,  strength  and  dose  to  the  B.P.  preparations  of 


Apocynum  (Canadian  Hemp). — ^The  dried  rhizome  and  roots  of  Apocynum  canna- 
Liiira. 

.^tdext.  Apocyn. — Averaf^e  dose,  0.75  c.c,  12  minims. 

Cvtraliaria  iLily  of  the  VnlUy). — The  root  of  Convallaria  majalis. 

Rdtonymi  Cortex,  B.P.;  [\yahoo).^Thc  dried  root-bark  of  Euonymus  atropurpurcus. 
^Qtains  an  amorphous  bitter  principle.     Used  mainly  as  cathartic,  similar  to  podo- 
pMjuni,     Dose,  0.5  Gm.,  8  gr, 
|Ht.  Eiwnym.,  B.P. — A  powdered  extract.     Dose,  0.06  to  0.13  Gm.,  i  to  3  gr.,  B.P. 

^^Swal  Statement. — Preparations  from  Cactus  (Cereus  grandi- 
Borus)  have  been  used  as  substitutes  for  digitalis,  particularly  in  functional 
cardiac  neuroses.  Proprietary  preparations  have  been  widely  advertised. 
Experiments  on  animals  and  men  have  shown  that  these  are  devoid  of 
tiigilalis  and  strychnin  actions  and  are  indeed  absolutely  inert.  The 
tlinical  testimony  is  not  conclusive.  Careful  observers  have  failed  to 
find  any  clinical  effects;  those  who  describe  positive  results  have  perhaps 
iwdervalued  the  element  of  suggestion  in  the  treatment  of  funclionial 
aturoses  (Report,  Coun.  Pharm.  Chem.,  1910;  J.A.M.A.,  54:888). 
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Uncertain  Origin. — Some  of  the  disiordant  statements  are  probably  due  to  confuw 
with  other  cacti,  some  of  which  contain  alkaloids  with  marked  narcotic,  tetanic,  a 
po^^sibly  somi.'  cardiac  actions.  No  alkaloid  or  other  definite  principle  has  been  certai 
isolated  from  the  grandiflorus. 

Erperimental  Results.  ^The  drug  was  introduced  in  1864  by  Rubini,  a  bomcopa 
physician.  Boinci  and  Teissier,  iS^t,  described  a  weak  digitalis  action  on  the  frog's 
neart,  produced  by  an  alkaloid,  which  they  considered  derived  from  Cactus  grandiflonis. 
They  were  evidently  working  with  same  other  substance.  No  serious  attempts  were 
made  to  check  the  extreme  claim.s  for  the  cactus  preparations,  until  Hatcher,  1907; 
Matthews.  igo8;Lyon,  ioio;and  Hatcher  and  Bailey,  igii,  showed  that  even  enormous 
doaea  of  the  best-known  preparations  arc  practically  inert — entirely  so  when  given  by 
mouth — in  animals  and  in  man,  in  health  and  in  disease.  Groeber,  toiji,  again  aflinns 
the  presence  of  a  glucoaid  with  dif^italoid  action,  but  so  weak  that  it  would  Ik  therapcu- 
tically  inactive.  He  doea  not  state  whether  his  drug  waa  properly  identified.  This 
precaution  was  taken  by  Hatcher  and  Bailey.  Gordon  Sharp,  1804..  also  found  the 
clinical  results  nei^ative  when  the  genuine  drug  was  used.  The  favorable  clinical  litrra 
ture  (summarized  by  Hatcher  and  Railey.  igii)  does  not  bear  stringent  criticism. 

Other  Cactus  Varieties. — .Mkaloids  have  been  isolated  from  a  number  of  cacti 
(Hcffter,  iHq8):  mcscalin,  anhalonidin.  pcllotin,  pcctcnin,  pilocercin,  etc.  Mogilevi, 
iQojt,  investigated  their  action  on  the  heart,  and  found  that  they  produce  slowing,  bit 
without  increa&c  of  pulse  volume  (in  contrast  to  digitalis). 


i 


MESCAL 

This  plays  an  important  part  in  the  ceremonial  of  Indian  tribes.  It  is  a  prrparatioA 
of  the  cactus  Anhalonium  Lcwinli,  in  which  Lcwin,  1SS8,  demonstrated  principles  with 
narcotic  and  strychnin  effects.  It  contains  four  alkaloids  which  agree  qualitaiivrlf 
in  their  actions.  The  latter  are  quite  numerous:  a  slowing  of  the  heart,  a  curare  ai.t)oa 
on  striped  muscles,  a  specific  depression  of  the  rcspirator>'  center,  and  a  siimulali^a 
of  other  parts  of  the  central  nervous  system.  The  stimulation  is  shown  mainly  inctr- 
tain  spcaal  senses,  most  con.spicuously  in  \nsion,  the  effect  appearing  as  a  los*  of  coflrfh 
nation.  It  produces  Iialludnation  of  all  the  special  senses,  but  particularly  of  fi^bt. 
There  are  flashes  and  lines  of  ever-changing  colors.  Since  they  are  the  same  in  botk 
e^'c-s,  they  must  be  central  fDixon,  1899).  A  psychologic  study  of  mcscalin  hallui-itt- 
tions  has  been  made  by  Knauer  and  Maloney.  IQ13.  Wneber,  iQia,  failed  to  find  the 
described  visual  and  auditory  effects  and  double  personality,  but  ob8er\'ed  other  psythir 
and  physical  disturbances.  Bresler,  1905.  evpcrimented  with  its  action  on  menuily 
affected  patients.  Pdlotin,  one  of  the  alkaloids,  has  been  investigated  by  Pincussoha, 
1907.     Mescal  is  not  used  therapeutically, 

Anhalin  seems  to  be  identical  with  hordcnin  (Spath,  1919). 


CAMPHOR 

General  Statement. — Camphor.  Cji>Hi60,  is  a  solid  derivative  ^ 
terpene,  C10H16,  allied  to  the  volatile  oils.  It  is  prepared  by  the  dis- 
tillation of  the  wood  of  the  camphor-tree.  This  natural  camphor  polariKS 
to  the  right.  A  s\mthetic  camphor  has  been  prepared,  which  is  raceraic 
A  levorotary  camphor  is  also  known.  The  three  isomers  agree  qualita- 
tively in  their  actions.  The  l-form  is  somewhat  more  active  on  ll*' 
nervous  system.  Therapeutically,  ihcy  seem  to  be  equivalent;  but 
only  the  natural  is  oihcial. 

Camphor  is  a  mild  irritant  and  antiseptic,  often  employed  as  a  counlcT'J 
irritant  in  the  form  of  camphor  liniment  or  spirits.     It  is  also  used  as 
protective  ajrainst  moths.     Systemically,  Uie  effects  are  very  inc^mstaal 
owing  p)erhaps  to  its  uncertain  absorption  and   rapid  destruction, 
is  used  intramuscularly  to  stimulate  the  circulation  in  collapse  condiiioi 
apparently  with  good  results;  the  mechanism  has  not  been  satisfactortl 
explained.     Toxic  doses  produce  convulsions.     In  frogs  it  exerts  a 
action. 
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Local  Actions.— Externally  camphor  acts  similarly  to  the  volatile  oils, 
reducing  mild  analgesia  and  rul>efacliun,  with  little  sensory  irritation. 
t  is  applied  in  neural^a,  inflammations,  etc. 

llic  irritant  action  of  smuU  (Josi-s  of  camphor  on  ihr  digestive  camti  is  used  against 
nprpiia.    Large  doses  produce  vomiling. 

Antiseptic  Action. — Camphor  is  somewhat  antiseptic.  A  saturated  solution  is  used 
t  stimulant  mouth-wash  and  gargie.  A  bit  of  cumphor  is  a  good  preservative  for 
ITJodcrmic  solutions,  proteins,  etc.  [Romanelli,  1017). 

Camphor  has  been  employed  as  intcstinai  ntUiseptic  (0.3  Gm,,  three  times  daily'), 
It  its  usefulness  is  doubtful. 

D)ift/se  /'*T»/£>«f/»i.— Intraperitoneal  injections  of  the  camphorated  oil  were  advo- 
iled  oy  Vignaud  und  Arnaua.  igi  2.     Doses  of  200  to  300  ex.  are  said  to  be  harmless. 

Pneumonia. — Seibert,  iQii.  claimed  thai  camphor  reduces  the  toxemia  and  prc- 
(nts  the  crisis,  but  the  benefits  arc  doubtful  and  the  trealineni  has  not  obtained  wide 
xtptance.  Seibert  advised  12  c.c.  of  20  per  cent,  oil  solution,  hj-podcrmically,  every 
I  flours.  Good  results  were  also  reported  by  Weintraud,  igi3,  and  Leo,  1913.  Leo 
'eferred  intravenous  injection  of  the  saturated  water>'  solution  (about  1:5000). 
£-  Stein.  1015, tried  camphor  against  experimental  pncumococcus  pneumonia.  He 
und  that  the  di£ferent  races  of  organisms  differ  in  susceptibility. 

Absorption,  Fate  and  Excretion. — Camphor  is  quite  readily  absorbed 
om  the  mucous  membranes  and  sulKUtaneous  tissue.  Hatcher  and 
ggleston,  1914,  find  the  absorption  more  rapid  from  oral  than  from 
ramuscular  administration.  It  is  rapidly  o.-^idized  to  carapherol, 
itflOiiOOH;  and  this  excreted  in  combination  with  glycuronic  acid, 
ioHi400.CriHi,Oi.  (Schmiedeberg  and  Meyer,  1879). 

This  destroys  the  activity  of  the  camphor;  and  accordingly,  Happich.  tgi?,  claims 
illhe  toxicity  is  hif^her  when  glycosuric  acid  formation  is  disturbed  through  slar\'ation 

deprivation  of  oxygen.  Similarly,  he  stales  that  intraarterial  injection  are  more 
an  twice  as  toxic  as  intravenous. 

Experimental  Effects  of  Camphor  on  the  Circulation. — These  are  incon- 
ant.  difTerent  investigators  reporting  divergent  results  and  conclusions. 
encrally  there  is  no  definite  response  if  the  circulation  is  normal.  When 
le  heart  muscle  is  depressed  in  various  ways,  camphor  may,  under 
vorable  conditions,  improve  the  cardiac  contractions  and  remove 
ythmias.  The  response  is.  however,  uncertain;  and  gives  only  doubtful 
ipport  of  the  claimed  therapeutic  action. 

Perfused  RalBeart, — This  has  been  found  an  especially  suitable  object  for  demon- 
ratiog  the  improvement.  .'Vfter  being  injured  by  cooling,  electric  stimulation,  pbos- 
wrus,  digitalis,  yohimbin,  or  chloroform,  the  addition  of  camphor  (natural  or  sjtj- 
letit)  usually  increased  the  rate  and  removed  arythraias;  the  tonus  was  generally 

fed;  so  also  the  coronary  flow.  The  effects  on  the  excursions  were  inconstant. 
favorable  results  did  not  always  follow;  indeed,  the  heart  sometimes  became 
(Froehlich  and  Pollak,  IQ20). 
Combin^Uion  with  Vasodilators. — The  improvement  of  the  perfused  rat  heart  was 
KTfased  by  the  addition  of  dilators  of  the  coronary  vessels,  /.<*.,  caffein  or  papaverin 
Whlich  and  Pick*. 
f1f*nt  of  Other  Mammals. — These  have  given  more  confusing  results: 
So  definite  effects  have  been  demonstrated  in  normal  hearts,  in  situ  or  isolated. 
'intcrbergi  tqoj',  KJemperer,  1907;  Plant,  1014;  and  Richards,  1914,  obtained  purely 
■Iplive  results.  Seligman,  1905,  sometimes  observed  strcnglhcmng,  but  by  no  means 
*ays.  He  claimed,  however,  that  camphor  tends  to  prevent  or  remove  fibrillation: 
■d  Gottlieb,  1905  and  iqo6,  found  that  the  heart  of  intact  animals  is  also  rendered 
on  rc^tunt  to  fibrillation.  This  was  contradicted  by  Winterberg.  Richanls  found 
'definite  elTccl  of  camphor  on  the  isolated  heart  in  fibrillation  or  asph>'xia;  nor  Plant 
tpr  chloral  or  phosphorus.  Heard,  1915,  worked  with  the  heart  in  situ,  but  isolated 
m  its  nerx'cs,  and  with  the  blaodpressure  kept  constant  by  a  compensator;  camphor 
d  no  effect.  T&aak.  igr  1.  claimed  a  rise  of  blood  pressure  from  intravenous  injection 
ramphor,  in  animals  with  their  hearts  weakened  by  phosphorus,  but  no  effect  after 
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chloral.  During  complete  heart-block,  in  dogs,  van  Egmond^  iQi^i  could  generally 
observe  no  eflfect  from  camphor.  The  coronary  blood  flow  increases  if  the  prcssurt 
rises  (F.  Meyer,  iqij).  The  coronary  vessels  (as  also  the  ear-vessclsl  of  rabbits  are  also 
dilated  directly  by  perfusion  with  camphor  (1:2,500  to  5,000);  still  more  by  bomeol 
and  menthol.  With  a  tenth  of  these  concentrations,  the  dilation  is  preceded  by  con- 
striction (Likhatcheva,  tQi6}. 

Frog*s  Heart.— The  effects  of  applying  camphor  solutions  were  studied  by  Heubncf 
1870;  and  Ochm,  1870;  those  of  perfusion  by  Plant,  1914  (bibliography).     They  ait 
slight  and  inconstant  with  normal  hearts,  but  camphor  restores  the  beat  of  frog  hen 
arrested  by  muscarin  (Harnack  and  Wilowski,  1876)  or  by  chloral  fBochm,  rgo, 
The  restoration  is  only  transient  fPlant,  1914).     It  is  produced  by  the  various  campl 
derivatives  on  turtles  (Lippcns,  ron  >;  camphoric  acid  beinR  somewhat  more  stimuU 
With  ventricular  strips  01  turtle  hearts.  Plant  observed  sUgnt  quickening,  not  modified 
by  chloral.    The  ultimate  eUects  of  strong  solutions  of  camphor  are  depressant,  weaken- 
ing and  slowing  tht-  beats. 

homers. — Joagimglu,  ioi7t  found  the  d.l,  and  i  equally  active  on  the  frog  bewt; 
weak  concentrations  increasing  the  rate,  higher  concentrations  causing  arrest. 

Afcnihol  also  stopped  the  heart,  but  weak  concentrations  did  not  accelerate. 

Blood  Pressure  and  Vasiular  System. — According  to  Liebraann,  1912,  the  most  fre- 
quent result  of  moderate  doses  is  a  peripheral  dilator  effect,  first  on  the  pulmoDan', 
then  on  the  3>'5tcmic  blood  vessels.  The  blood  pressure  therefore  generally  falls;  bin 
this  may  be  preceded  by  brief  central  vasoconstriction.  Large  doses  occasional!) 
produce  periodic  variations  in  the  blood  pressure,  through  the  vasomotor  center.  Laig? 
rises  of  blood  pressure  may  occur  during  convulsions. 

The  earlier  investigators  (Pellacani,  1S83;  Alexander-Lewin,  1890;  Pacsaler,  iSkw' 
peneraUy  described  a  rise  of  blood  pressure  from  vasomotor  stimulation.  Wiedcmjuin. 
1877,  and  Stockman,  1888,  observed  rhythmic  rises  of  blood  pressure,  attributed  w 
heightened  retlex  irritability.  Stimulation  of  the  vasomotor  center,  however,  docs  not 
occur  with  therapeutic  doses,  but  only  as  the  convulsant  effects  are  approached;  *n^ 
especially  during  the  convulsions  proper  (Pilcher  and  Sollmann.  1015).  CMlcn  t^'f 
blood  pressure  is  not  changed  by  moderate  doses.  The  most  frequent  result,  actor<linf 
lo  Winterbcrg,  iqo,^,  and  Licbmann,  iQf2,  consists  in  persistent  fall  of  blood  ptr^^uf'' 
occasionally  preceded  by  a  filight  and  short  rise.  The  rise  is  attributed  lo  central  \y-' 
motor  stimulation;  but  the  fall  is  produced  by  peripheral  action  on  the  vessels.  llc:i  J 
and  Brooks,  I9r3,  obtained  quite  negative  results.  Licbmann  finds  that  the  pulmuu-i 
vessels  dilate  before  the  systemic.  The  widespread  vasodilation  results  in  lowering:  ^^■' 
pressure  in  the  right  heart.  Frey,  iqoq,  found  no  effect  on  pulmonary  hemorrhage 
The  cerebral  vessels  arc  also  dilated  (Berczin,  iqi6). 

Lieb  and  Herrick.  1917,  report  that  the  hypodermic  injection  of  irritants.  inzUtdmi 
camphor,  into  decerebrated  animals  often  produces  a  slight  and  transient  rise  of  Hooi 
pressure,  but  that  they  fail  entirely  in  anesthesia,  shock,  or  hemorrhage. 

Excised  Vessels. — Lichatscheff,  19  6,  reports  that  camphor,  borncol  and  mcDtJjol, 
in  i:  2.500  to  1,500  dilution,  produce  a  strong  diktion  of  coronary  and  other  ve»ehi 
this  being  strongest  with  borncol  and  weakest  with  camphor. 

More  dilute  solutions  (1:10,000  to  50,000)  have  no  eaect  on  the  coronsry.  Otlvr 
arteries  arv  temporarily  constricted. 

Clinical  Effects  on  Circulation. — Camphor  is  iised  clinically 
temporary  cardiac  stimulant.     Opinions  are  divided  as  to  lis  usch 
The  effects,  if  they  occur,  are  inconstant  and  unreliable.     Hoi 
employment  is  harmless. 

In  normal  individuals  and  in  cardiovascular  disease,  camphor  (e\-en  up  to 
hiTMKlermically — Heard  and  Brooks,  1913)  does  not  alter  the  blood  pressure,  or 
or  quality  of  the  puLse.  In  collapse  conditions,  especially  in  febrile  tojtcmi 
clinicians  believe  that  hypodermic  injections-  improve  the  volume,  tension  and 
of  the  pulse  temporarily.  G.  Sch^-arlz,  1906,  generally  found  a  rise  of  blood  ^_  . 
of  10  to  2Q  mm.,  too  slight  to  explain  the  improvement.  It  is  possible  hut  not  Ctftltf 
that  the  weakened  human  heart  responds  better  to  camphor  thanexpcri'i""'-"nnnup*' 
would  indicate.     It  is  also  conceivable  that  the  stimulation  is  reflex,  s  ic<tJo* 

produce  considerable  local  reaction  (Heard  and  Brooks).    The  rcgui.i  jcnot** 

delirium   cordis   might   be  beneficial   in  auricular   fibrillation,  but  the  action  «ti^ 
probably  be  loo  brief. 

Hewlett,  1917,  failed  to  find  any  change  in  the  blood  flow  of  the  human  arm  aftef 
hypodermic  injection  of  o.j  to  0.7  Km.  of  camphor  in  oil. 
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Administration. — The  camphor  is  employed  intramuscularly,  dis- 
solved in  sterile  olive  oil,  i  to  2  c.c.  of  the  10  per  cent,  solution  being 
repeated  in  ten-  to  fifteen-minute  intervals  as  needed.  For  babies  of  one 
fear,  A.  Jacobi  advised  Ifo  to  *4  grain  every  two  hours.  Intravenous 
njection  (250  to  350  c.c.  of  o.i  per  cent,  in  saline)  is  safe,  but  less  effective 
[Weintraud,  1913). 

Liquid  Petrolatum  should  not  be  used  as  solvent  for  intramuscular  in- 
jections. It  is  not  absorbed,  becomes  incapsulated,  and  forms  sensitive 
tumors  (Mook  and  Wander,  igig). 

Ottier  Uses.^-Camphor  Spirit  is  a  household  remedy  in  colds,  bron- 
chitis, etc.  It  is  probably  somewhat  expectorant,  diaphoretic  and  anti- 
pyretic (Binz,  1875  and  1877).  The  skin  vessels  are  dilated.  It  was  also 
idvised  in  tuberculosis,  but  has  not  found  much  support.  Camphor 
has  been  used  as  a  nervous  depressant  in  hysteria,  epilepsy,  chorea,  and 
convulsions,  and  as  an  anaphrodisiac.     This  rests  on  no  rational  basis. 

Respiration. — The   effects  of   non-conviilsant  doses  arc  very  slight  and  inconstant, 

practically  negative. 

Edsall  and  Means,  rot4.  and  Higginn  and  Means,  1015,  studied  the  effects  on  man, 
UBOff  0.4  to  0.5  Gm.  h>|podermicaIly.  They  found  the  center  sometimes  slightly  stimu- 
Uled  by  bronchodilation  and  slight  increase  of  carbon  metabolism.  The  rate  was 
often  slowed;  the  volume,  single  or  minute,  was  unchanged. 

In  animals,  the  respiration  is  somewhat  slowed  but  deepened,  so  that  the  minute 
volume  is  increased.  Wieland.  1915,  claims  lowering  of  the  threshold  for  CO:.  Isaac 
found  it  especially  effective  after  morphine. 

However.  Vocgtiin  and  Wiggcrs,  1918,  obtained  rather  uncertain  stimulation  after 
moiphin  and  other  depressants. 

Excised  Ureter. — This  is  stimulated  by  the  I  isomer;  the  d  being  indifferent  (Macbt, 
1918). 

Skeletal  Muscle. — Direct  application  produces  a  curare  effect  in  frogs,  not  in  mam- 
iniU.  Other  camphors  derived  from  various  volatile  oils  also  produce  this  effect 
(Hildebrandt.    1903). 

Invertebrates. — Newly  hatched  squid,  placed  in  Ko  saturated  solution  of  camphor 
in  seawater.  respond  by  spasm  of  the  mantle  and  contraction  of  the  chromatophorcs. 
Tlie  stimulation  appears  to  be  in  the  ganglia.  It  is  followed  by  paral>'si&,  which  may 
^yafercome  by  nicotin  (Moore,  1919). 

^t  TOXIC  EFFECTS 

These  are  similar  in  man  and  animals^  consisting  in  stimulation  and 
then  depression  and  paralysis  of  the  central  nervous  system. 

The  treatment  would  consist  in  evacuation  and  stimulation.  Alcohol 
a^d  oils  should  be  avoided  since  they  favor  absorption. 

Symptoms  in  Maxu — These  consist  in  nausea,  vomiting,  colic,  vertigo,  disturbed 
vision,  tipsiness,  exdtement,  impulsive  movemcrUs,  dtJirium,  loss  of  conscwustKss,  face 
flwsScd  then  pale;  epilrptijorm  convuisions  are  a  constant  feature  in  animals,  and  some- 
timci  occur  m  man  (after  1.5  Gm.;  Austragesillo,  1915);  often  anuria  (illustrative 
sports,  Stanley,  1903;  F.  Baker,  1910;  Koppang,  1912).  Death  is  rare  inman,  occur- 
^n^  by  asphyxia  and  collapse.  Convalescence  may  last  several  da>'5  or  weeks;  the 
Rwiric  disturbance  is  especially  persistent. 

Ben£,  1910.  reported  the  poisoning  of  twenty  children  by  the  oral  administration  of 
'  ^t0  4S  c.c.  of  camphorated  oil.  All  were  more  or  less  convulsed,  with  bluc-blacfc  lips, 
Iwt  otherwise  fair  color  The  severe  cases  has  locked  jaw.  Kmesis  was  induced  oy 
Qlustard  water,  and  all  recovered  promptly  (20  min.  to  4  hours). 

G<Nlviilsions, — In  mammals,  these  arc  located  mainly  in  the  hemispheres;  for  removal 
of  the  hemispheres  with  section  below  the  oplic  thalami  diminishes  (Albcrtoni,  iS8a) 
'<fr •boliahcs  (Morita,  1915)  the  convulsions. 

The  spinal  cord  also  shows  some  stimulation,  and  finally  paraly^s,  but  this  docs 
'lot  come  on  until  late,  and  is  not  important  in  mammals. 

In  frois,  on  the  other  hand,  the  action  on  the  spinal  cord  is  very  pronounced,  and 
toassia  in  a  paralysis.    This  entirely  obscures  any  action  which  the  drug  may  have 
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higher  up  in  the  nervous  s>'stem  in  these  animals.  It  appears  that  the  path  for  nta 
impulses  is  blocked  before  that  for  impulses  coming  from  the  higher  brain  (Wicdemaoo. 
1S77;  Binz,  1878).     The  symptoms  are  described  by  Grove,  igio. 

Toxic  Dose. — This  varies  grcally:  o  ;  to  1  Cm.  has  been  fatal  to  children  and  loiic 
to  adult5;  2  Gm.  generally  produced  dangerous  effects;  but  15  Gm.  have  been  sunivc^ 
(Koppang ';  ^nd  in  an  infant  of  eightcrn  months,  i  Gm.  produced  little  if  any  symptumf 
(Miller,  1914). 

Solvent  and  Place  of  Administratioii  on  Toxicity. — Cains,  1914,  aiid  Camot  ami 
Cairis,  1914.  have  studied  these  on  guinea  pig».  With  nral  ud ministration  the  toxicity 
of  camphor  is  greatly  decreased  by  oil.  Hv-podermiciilly,  oil  snlutions  are  also  leas 
toxic  than  alcoholic,  ethereal  or  even  watery  solutions.  Intraperitoneal  are  more 
toxic  than  hj-podermic  inicction.  Oral  administration  is  more  eflectivc  than  iatn 
muscular  (Hatcner  and  Eggleston,  1914)- 

CAMPHOR  ISOMERS 

The  synthesis  of  artificial  camphor  is  described  by  Kebler.  igo^;  Houseman,  1915. 
Langgaard,  and  Maass,  1907,  showed  that  the  actions  of  the  three  isomers  are  qualili- 
lively  identical.  Grawitz.  1907,  claimed  that  the  therapeutic  effect*,  intemaUiMl 
external,  are  indistinguishable.  Haemaelaeinen,  iqo^,  states  that  the  levorotary  ble* 
effective  on  the  heart;  but  its  central  actions  are  more  powerful  (Grove,  1910). 

Joagimglu,  1917,  Fuchner  and  Pollak,  1920,  found  tneir  action  on  the  heart  identical 
and  albo,  that  they  are  equally  antiseptic. 

Hcfftcr,  1914,  concluded  that  artitVial  camphor  is  prolMibly  mori-  toxic  and  oltrn 
contains  impurities;  that  it  could  be  substituted  externally,  but  more  experience  would 
be  needed  to  justify  its  internal  use.  The  war  has  furnished  the  occasion  for  ihis 
experience;  and  Luctz.  1915.  concludes  that  its  h>'podt:rmic  use,  cHnically,  has  givYttco 
bad  effects. 

Bomeol  (Borneo-Camphor.  CioHmO).  is  used  in  the  orient.  It  acts  similarly  10^ 
camphor. 

CAMPHORIC  ACID 

This  was  introduced  by  Fuerbinger,  1888,  as  anhydrotic  against  the 
night-sweats  of  phthisis.  It  aroused  some  enthusiasm  at  first  (literaturf, 
Fujitani,  1906) ;  but  experimental  investigations  have  given  entirely  ncp-  j 
live  results  (Dreesmann,  1889;  Fujitani;  Tyrode,  1908;  Roth,  ipiihan*! 
the  clinical  effects  were  also  disappointing  (Tyrode).  The  drug  is  there- 
fore going  out  of  use. 

Otfiff  Actions. — Tyrode*  1908,  could  discover  no  effects  of  any  kind.  Fujitani  Mii 
Roth  described  central  and  peripheral  stimulant  and  depressant  effecLs,  soroewlulj 
different  from  camphor.  It  produces  a  rather  marked  stimulation  of  the  n*pinlorf^ 
center  in  mammals.     Robert,  1S97,  ascribes  to  this  the  alleged  benefits  in  tubcrculws 


Preparation— Camphor 

*Campfiora  (Camph.),  U.S. P.,  B. P.;  Camphor— A  ketone,  C,HuCO,obUinedfn)ffl 
Cinnamomum  Camphora.  White  translucent  masses  of  crystalline  structure.  lU^ 
pulverization  requires  the  addition  of  a  htlle  alcohol.  It  has  a  characteristic  odotioi 
warm  aromadc  tasstc.  It  is  slightly  sol.  in  water,  but  freely  in  ale,  fwed  and  volatik' 
oils  and  fat-solvents.  Dry  camphor  votatizes  readily,  but  its  solutions  are  practicaUj^j 
stable,  even  in  open  bottles  (La Wall,  1909).  Dose.  0.3  Gm.,  jt  gr.  by  mouth;  0.1  Go,J 
I'-a  gr..  h>T>odermically,  U.S.P.;  o.ia  to  0.5  Gm.,  2  to  5  gr..  B.P. 

The  solubiUty  of  camphor  at  ordinary  temperature  is  1:598  of  water;  ISSH 
Ringer's  solution  (Leo  and  Kimbach,  1919). 

Its  use  in  the  orient  antedates  histor>';  but  it  does  not  seem  to  haw  been  knowsl 
the  Greeks  and  came  into  use  in  Europe  in  the  ^lediac\-ul  period.     At  present^  70 
cent,  of  all  the  camphor  produced  is  u^  in  the  manufacture  of  cellutoia. 

*.I^.  Camph.,  U.S. P.- — .\  saturated  waterj' solution  containing  less  than  a.S  per  < 
Very  little  therapeutic  action.     £>(Jj«,  10  cc,  a^j  drams,  U.S.P. 

*Ati   Camph.,  HP. — o.i  percent. 

*Lininunlum  Camphora  (Un.  Camph.),  U.S. P.,  B.P.;  Camphor  Liniment  iCa 
phorated  Oil). — 20  per  cent,  of  camphor  in  Cottonseed  oil,  U.S.P.;  in  OUve  oil,  B.Ei 
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Hriius  Camp)iora  (Sp.  Camph.).  U.S.P.,  B.P.— lo  per  cent.  Dose,  i  c.c,  15 
Linimft,  L'.S.P.;  o.^  to  1.2  ex.,  5  lo  20  miniins,  B.P. 

{Tf.  Camph.  Co..  B.P.— See  Index). 

Campkora  Moncbromaia  (Camph.  Monobrom.)*  U.S. P.;  Monobromated  Camphor, 
°»Ht3r.CO. — Colorless  prismatic  needles  or  scales,  or  as  powder  having  a  mild  but 
haracteristic,  caraphoraceous  odor  and  taste.  Freely  sol.  in  ale.  (i  :s6.);  almost  insol. 
ivater.     Dose,  0.125  f^"i-.  2  gr.,  U.S.P.    Action  similar  to  Camphor. 

Addum  Campfwrifum;  Camphoric  Acid,  C»Hu(CO:H)j. — Obtainetl  by  o-xidation 
I  cunpbor.  Colorless  crystals.  Slightly  sol.  in  water  (1:125);  readily  sol.  in  ale, 
Its  and  alkalies.  Used  with  doubtful  results  as  anhydrotic.  Dose,  0.6  to  2  Gm., 
to  30  gr. 

Ojycamphor  (camphor  with  II  replaced  by  OH)  has  been  recommended  as  respiratory 
tdativc  in  cough.  The  aqueous  solution  decomposes,  and  it  is  marketed  as  a  50 
<rctol,  alcoholic  solution  (Oxaphor,  N.N  R.),  of  which  the  dosf  is  2  c.c.  (.^o  drops) 

FetKhoH,  the  characteristic  constituent  of  fennel  oil,  is  isomeric  with  camphor;  it  is 
^lued  as  counterirritant.    It  is  a  fluid,  and  may  be  applied  as  such,  or  diluted  to  10 

twitb  alcohol  or  oil  (I.  Schlesinger,  1914). 
s  is  prepared  from  the  volatile  oils  of  various  mints.  It  acts 
limilary  lo  camphor,  and  is  used  especially  locally  against  headache, 
ipuralgia.  itching,  etc.  Applied  lo  the  skin,  it  produces  at  first  a  cool 
Sensation,  followed  by  slight  pricking  and  a  burning.  The  cooling  efTecl 
K  not  physical,  the  temperature  of  the  skin  being  normal  or  even  in- 
ireased.  It  is  explained  by  specific  stimulation  of  the  nerve-endings  for 
^Id  (Goldscheider).     Alcoholic  solution  are  antiseptic. 
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PREPARATIONS — MENTHOL 


koi,  U.S.P.,  B.P.,  CioHnOH. — A  secondary  alcohol  obtained  from  peppermint 

lorless  crystals  of  peculiar  odor  and  warm  aromatic  taste.     Only  slightly  sol 

irttcr,  {reely  in  ale     Dose,  0.05  dm.,  i  gr.,  U.S. P.;  o.oj  to  0.12  Gm.  ^  to  2  gr., 

S.P.;  as  carminative,  etc.    Externally,  in  alcohol,  oils  or  ointments,  i  to  5  per  cent,  on 

nueous  membranes,  10  to  25  per  cent,  on  skin, 

Emp.  Mentitol,  B.P.,  Menthol  Pkisler.  —15  per.  cent. 
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SAPONINS  (SAPOTOXINS;  SAPO-GLUCOSIDS) 


reneral  Statement. — These  comprise  a  series  of  related  compounds, 
tDcrally  nun-nitrogenous  glucosids,  which  pccur  in  many  plants.  The 
ciions  are  somewhat  related  to  the  bacterial  and  other  toxins,  and  to  the 
c«psand  bile  salts.  Like  the  latter,  they  lower  surface  tension,  and  there- 
Jre  emulsify  or  dissolve  fats,  lipoids  and  fine  powders.  This  emulsifica- 
lon  is  characteristic.  Through  the  same  property  they  form  an  excessive 
bd  persistent  foam  when  even  very  dilute  (1:10,000)  watery  solutions 
I*  shaken;  they  hcmolyze  blood,  even  in  isotonic  salt  solutions;  they 
tcrease  the  permeability  of  other  cells  and  are  therefore  general  prolo- 
lasmic  poisons.  Fish  are  killed  by  high  dilutions  (x  :  200,000).  In 
igher  animals,  they  are  but  little  absorbed,  so  that  they  act  mainly 
!  local  irritants  to  the  mucous  membranes.  A  few,  however,  are  absorl>- 
)Ie  and  toxic.  Their  interest  is  mainly  scientific.  Senega  is  somewhat 
fed  as  nauseant  and  emetic.  Sarsaparilla  and  guaiac  were  formerly 
^ployed  as  alteratives  in  syphilis.  QuilJaja  (soap  bark)  and  saponaria 
)ap  root)  are  used  technically  for  cleansing. 
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Chemic  Properties. — Many  of  the  typical  members  of  the  group  respond  to  the  (or 
znuiii.  CnHtM_«UiD.  They  are  glucosids  and  give  a  purple  color  with  concentrated  su1>h 
pburic  acid.  They  arc  generally  not  attickctl  by  animal  ferments.  Physically,  theff 
possess  the  characters  of  colloids:  They  do  not  dial>-zc;  most  arc  soluble  in  water,  and  art 
not  precipitated  by  moderate  amounls  of  alcohol;  but  they  do  not  dissolve  in  pure alco* 
hoi  or  in  fal-solvents.  Many  are  precipitated  by  saturation  with  neutral  salts,  espedally 
ammonium  sulphate;  by  basic  lead  acetate,  etc.  Some  behave  as  acids,  others  arc  neu- 
tral. When  heated  with  dilute  mineral  acids  they  arc  decomposed  into  sugars  (dificrin^ 
for  the  indi^^dual  siponins)  and  a  sapogenin,  Schmicdcberg  calls  these  decomposiiion 
products  "saponins,"  and  all  the  original  substances  "sapotoxins."  Othere  apply 
this  name  to  the  more  toxic  saponins  (Review,  Kobert,  IQ14).  i 

Occurrence. — Sapo>glucosids  arc  very  widely  distributed  through  the  vegetable  j 
kingdom,  occurring  in  at  least  400  plants,  belonging  to  50  different  families.  They  art 
probably  formed  in  the  leaves,  but  are  found  in  all  parts  of  the  plants.  The  foanuogis 
90  conspicuous  that  many  of  these  drugs  have  received  characteristic  popular  nam«, 
soap-bark,  soap-root,  etc.  They  are  employed,  even  by  non-civilii£ed  peoples,  for  cltaa- 
ing;  and  on  account  of  their  high  toxicity  to  tish,  as  hsh-poisons.  Ophiotoxin,  a  de6nit£ 
pnndpic  of  isolated  snake-venom,  is  believed  to  be  closely  related  to  the  sapofua* 
(Faust). 

Crocus  bulbs  contain  a  saponin  that  is  toxic  to  young  animals,  but  not  to  old. 
(Koberl,  X917J. 

Local  Actions. — Most  of  the  sapo-glucosids  are  markedly  irrilani  W 
mucous  mrmbranes.  They  have  an  acrid  taste  and  provoke  a  flow  of 
saliva  (sialogogue  action),  nausea,  vomiting  and  diarrhea;  if  inhiilcd, 
they  cause  sneezing;  if  injected  hypodcrmically,  they  catise  subcutanc^^ 
inflammation. 

Therapeutic  Uses. — The  local  actions  resemble  those  of  ipecac  and  are 
similarly  employed.  Senega  is  used  as  nauseant  expectorant,  especially 
in  chronic  cough;  and  as  emetic.  Its  non-absorption  constitutes  an  ad- 
vantage. The  emulsifying  action  determines  the  use  of  quillaja  as  deter- 
gent, especially  for  the  cleansing  of  articles  which  are  injured  by  alkalies. 
The  use  of  quillaja  in  medicinal  emulsions,  or  for  producing  foam  in  soda 
water,  etc.,  is  not  admissible. 

Some  of  the  less  toxic  saponins  might  be  used  for  this  purpose  (Robert^  1904)1  ^^ 
they  have  not  been  sufficiently  studied  to  be  entirely  safe. 

A  certain  number  of  these  drugs  have  some  importance  on  accouDt  of  stock -poisoius( 
(Vaccaria,  Raw  Potatoes). 

Sarsaparilla,  which  owes  its  activity  entirely  to  the  sapotoxin  or  saponin  which  it 
contains,  formerly  enjoyed  considerable  reputation  as  an  alteraiive,  Thi^  is  no  loiij^ 
accepted  (H.  C.  Wood,  Jr.,  1916);  if  it  possesses  any  action  at  all  it  is  simply  thatofa 
very  mild  nauseant  and  cathartic. 

Systemic  Actions. — If  sapo-glucosids  are  injected  directly  into  the  circulation th«f 
produce  hemolysis,  diuresis  (B.  MacCallum.  IQ05;  Asher,  iqo8};  and  dirtct  actiojA 
especially  on  the  central  nervous  system,  which  may  be  rapidly  fataL  .Vt  first  thcreirc 
violent  convulsions;  then  paralysis,  especially  of  the  respiratory  center.  The  effect 
00  fish  is  also  paralytic.  Rapid  absorption  through  the  gills  makes  even  small  dw* 
effective. 

Smaller  doses  given  by  the  blood  cause  especially  inieslinal  symptoms,  and  desck 
after  several  days  by  collapse.     Why  the  symptoms  are  so  largely  intestinal  is  un?*"! 
plained.     Given  sult)cutaneously,  they  produce  these  same  symptoms,  but  much  rooiej 
slowly.     If  they  are  applied  directly  to  skeletal  or  cardiac  muscle  or  to  nerve-l 
these  lose  their  irritability  at  once,  and  if  the  solution  is  fairly  strong  (i  j>erccnL),ll 
is  rigor.     The  addition  of  saponin  increases  the  toxicity  of  digitoxin  for  the  fro^ 
(Postojeff,  191 1).     Nearly  all  saponins  arc  toxic  to  the  frog  heart  (I.  Traube,' 
Saponins  act  on  amebx,  but  apparently  not  on  bacteria  (Bacon  and  Marshall,  it 

Effects  of  Hemolysis. — Hemolysis  liberates  jwtassium  and  other  toxic  subitwcc 
from  the  corpuscles  (Gottlieb  and  Lefmann,  1007;  W.  H.  Brown,  and  Loevenhart.  lou' 
but  these  are  not  concerned  in  the  systemic  saponin  actions:  The  latter  occur  with 
which  are  not  hemolytic;  nor  are  the  s>'5temic  saponin  effects  avoided  by  choletriil 
which  prevents  the  hemolysis.  Presumably  the  permeability  of  the  nerve  cdlir 
directly  affected  by  the  saponin. 
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^  -Most  iapo-glucosids  are  absorbed  so  poorly  that  they  produce  only 
iffccts:  gastroenteritis,  vomiting,  persistent  diarrhea,  etc.  However,  the  violent 
action  may  lead  lo  corrosion  and  this  to  absorption  (^i,,  wTth  quillaja).  Agro&- 
lemma.  the  common  corn-cockle  (chemistry,  Brandt,  it^ob)  is  absorbed  fairly  readily 
and  ibus  produces  s^'stemic  poiiioning.  This  is  important  since  its  seed  may  be  admixed 
with  grain.  The  systemic  symptoms  agree  with  those  of  intravenous  injection.  On 
the  other  hand,  certain  vegetables,/.!.,  spinach,  contain  saponins  which  seem  harmless 
to  man.  lacidentally.  some  saponins  show  a  different  toxicity  for  difTerent  species 
(Kdbert,  1914).     The  toxicity  is  not  simply  proportional  to  the  hemolytic  power. 

Hemolytic  Action. — Saponins  lake  blood  even  in  an  isotonic  medium. 
The  phenomenon  depends  on  their  affinity  for  the' lipoids  of  the  cell 
envelope  and  stroma.  It  is  prevented  by  the  addition  of  cholesterin  or 
other  lipoids  which  combine  or  bind  the  saponin. 

Hemolytic  ConcentratioiL^The  Umital  concentrations  1  :  400,000  to  i  :  10,  vary 
enormously  but  are  characteristic  for  the  different  saponins  (Kobert,  1014. 

Phenomena  of  Laking. — Saponin  hemolysis  occurs  in  two  stages,  which  ore  practi- 
olly  distinct:  The  liberation  of  hemoglobin;  and  increased  permeability  of  (he 
envelope  (G.  N.  Stewart,  1890  to  igog;  Woe  fel,  1908).  The  latter  occurs  even  in  form- 
tldchyd-tijced  corpuscles.  The  action  is  probably  both  on  the  stroma  and  on  the 
envelope;  dissociating  the  former  from  its  combination  with  hemoglobin,  and  rendering 
the  latter  more  permeable,  thus  leading  to  the  entrance  of  water,  swelling,  and 
"vatcr-laking.  Saponin  docs  not  cause  the  complete  disappearance  of  the  stromata; 
bilesalu^  do  (Xeuberg  and  Haendcl.  iqoH). 

Solutioa  of  Lipoids. — The  intt-grity  of  tlie  corpuscles  is  intimately  connected  with 
thdr  lipoid  content.  The  stroma  and  envelope  consist  to  about  one-third  of  lipoids, 
Aieily  cholesterin  and  lecithin,  and  two-thirds  of  protein  (Pascucci  igos).  Many  nemo- 
>ttc  agents  arc  lipoid  solvents;  such  as  the  saponins,  bile  salts,  soaps  and  fatly  acid^, 
iHphatic  narcotics,  heat.  etc.  Their  action  is  generally  proportional  tn  their  lipoid- 
iffinity.  Saponins  also  increase  the  permeability  of  artiftcial  cholestcrin-lecithin 
cwmbraacs  (F'a&cucci,  1905).  The  hemolytic  serums  and  toxins  probably  also  act 
an  these  lipoids,  but  jicrhaps  likewise  on  the  protein.  It  is  perhaps  not  necessary  that 
thr  lipoids  are  actually  dissolved;  they  need  merely  be  altered.  H>'poisotonic  solutions 
probably  disorganize  the  entire  structure  of  the  corpuscles. 

The  hemolytic  activity  of  different  saponins  has  no  relation  to  their  effect  on  surface 
^ioH  (Woodward  and  Alsbcrg,  !qi6). 

Specific  Resistance  of  the  Corpuscles. — The  blood  of  different  animals  shows  speci- 
ll^fferenccs.  Jt  is  noteworthy  that  the  resistance  of  species  varies  inversely  for 
^^Vi  and  water-laking  (K>'^'osch,  1Q07  and  igii).  Pvormal  serum  is  somewhat 
Wtettive,  perhaps  by  its  cholesterin;  and  this  protection  is  slightly  increased  by 
nabitnation. 

\ired  Resistance. — Repeated  injections  of  saponin  and  other  hemolytic  agents 
ic  general  resistance  of  the  corpuscles  (Robert;  R.  Weil,  igro;  contradicted  by 
J  TQij).  No  true  antibodies  occur.  Prolonged  saponin  feeding  increases  the 
mce.  both  of  the  corpuscles  proper  and  of  the  serum  (.\lsberg  and  Smith,  1914). 
'Vsii&ila.r  increase  of  resistance  occurs  also  in  certain  diseases  in  which  hemolytic  poisons 
*tj)rohahly  produced,/.;.,  in  syphilis,  advanced  cancer,  etc.  (Weil;  McNeil,  iQio). 

Mixed  Hemo!yBie.^Fuehner  and  Greb,  roi3,  found  that  the  combination  of  various 
"nDolytic  agents  (aliphatic,  alkaloidal  and  glucosida!)  gave  complex  results;  the  summa- 
Iboot  the  effects  bemg  sometimes  simple,  excessive  or  deficient. 

Protective  Action  of  Cholesterol. — Ransom,  1901,  showed  that  the 
addition  of  cholesterol  prevents  the  hemolytic  cfTcct  of  saponins  (also  of 
lolujdin  compounds,  Hildebrandt,  1911;  of  colbra  lyTiin,  and  of  some 
jacterial  lysins,  /.i.,  staphylo;  tetanus;  of  sodium  oleate;  of  the 
UDtnune-senim  hemolysins);  but  not  of  some  other  hemolytic  agents. 
Serum,  which  contains  cholesterol,  also  exerts  this  protective  action. 
^  phenomenon  is  explained  by  a  chemic  combination  between  choles- 
terol and  saponin.  The  protection  does  not  extend  to  the  central  saponin 
ictions.  The  OH  group  seems  essential  to  all  these  protections.  Leci- 
itn  and  other  lipoids,  which  do  not  form  chemical  compounds,  afford  a 
ttuch  weaker  protection,  probably  by  binding  the  saponin  physically. 
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Their  effects  extend  also  to  other  lipoid-solvcnt  hemolytic  agents  (Pilchcr, 
1913).  Cholesterol  also  protects  the  heart  against  digitoxin,  but  not 
against  the  other  digitaloids  (Karaulow,  1912).  It  prevents  not  only  the 
hemolytic  but  also  the  systemic  toxicity  of  sodium  oleate  (Kiotz  aa(^ 
Bothwell,  191 5). 

Combination  of  Cholesterol  with  Saponins. — Cholesterol  precipttAtes  sapooins  ft 
iheJr  solutions.     Windaus.  1909,  showed  thut  detinitc.  crystalline,  non-hcmolytic  coi 
pounds  lire  formed.     Those  with  digitonin  and  cyclamin  have  been  especially  &tudii 
(Yagi.  iQio). 

Protective  Action  of  Senim. — Washed  corpuscles  arc  lakcd  by  saponins  in  one-four 
the  concentrations  required  in  de&brinated  biood  (Laube,  tgt  1).  This  is  probably  doe! 
to  the  cholesterol  content.  The  injection  of  saponin  into  animals  lessens  this  protective 
action  for  two  or  three  days,  by  binding;  the  cholesterol  (Wacker  and  Hcuck.  igij)- 

The  hemolytic  action  of  watery  solution  of  saponin  is  rapidly  destroyed  by  the  addi 
lion  oi  fiuoresccnt  substances,  cosin  and  erythrosin  fNoRuchi,  1906). 

Infusion  of  ten  also  has  an  inhibiting  effect  on  saponin  hemolysis;  this  has  been  pro- 
posed at>  a  test  fur  genuine  tea  (Magglora  and  Ferron,  2914):  but  is  probably  due 
merely  to  the  taonin. 

PREPARATIONS SAPONINS 

Cauhphyllum\  Blue  Cohosh;  the  rhizome  and  roots  of  Caulophyllum  thalictroldfs. 
(Chemistry,  Power  and  Salway,  igi^i.)  Used  as  diuretic,  emmenagogue  and  antheU 
mintic.     (See  article  under  Nicotin  and  Ergot.)     Doie,  03  to  2  Cm,,  5  to  30  gr. 

Guitiac  Lignum,  B.P.;  Guaiac  Wood. — The  heart-wood  of  Guaiacum  officinale  or 
sanctum.  Contains  so  to  1$  per  cent,  of  the  Resin  and  some  saponin  (a  trace  of  it* 
latter  is  al«o  contained  in  the  rcain).  There  is  some  reason  to  believe  that  the  saponic 
is  the  bearer  of  the  action,  which  is  nauseant  and  purgative.  Guaiac  is  an  aliix'^i 
obsolete  remedy  for  syphilis,  gout,  rheumatism,  tuberculosis,  etc.  It  was  introduce': 
soon  after  the  discovery  of  America. 

Guaiatum,  U.S.P.;  Gvaiac,  Res,  B.P.;  Guaiac  Resin  (Gum  Guaiac). — The  rcMB 
obtained  from  Guaiac  Wood.  It  contains  a  number  of  resinous  acids,  especially 
guaiaconic  acid,  which  is  colored  blue  by  oxidation.  Dose,  i  Gra.,  15  gr.,  U.S.P.;  cj 
to  I  Gm.,  5  to  15  gr.,  B.P. 

Guaiac  resin  is  commonly  used  as  a  reagent  for  oxidative  ferments.  Schaer,  lOi.W 
finds  the  best  results  with  resin  extracted  from  the  wood  by  chloroform;  iben  the 
natural  resin;  then  alcoholic  extract  of  the  wood.  Solutions  lose  their  scn&itivtnMi 
with  age. 

Mist.  Guaiac.t  B.P.;  Guaiacum  Mixture. — 3.5  per  cent,  suspension  of  the  raia 
Dose,  IS  to  30  c.c,  t^  to  i  ounce,  B.P. 

Tr.  Guainr.,  U.S.P. —  20  per  cent  W  the  resin.     Dosr,  4  c.c,  i  dram,  U.S.P- 

Tr.  Guaiac.  Ammon.,  U.S.P. ,  B.P";  .\mmoniated  Tincture  of  Guaiac.  30  percrnt- 
with  aromatics and  ammonia.  Dose^  -2  c.c,  10  minims,  U.S.P.;  2  to  4  c.c,  H  to  1  tlnn, 
B.P. 

Track.  Guaiac  Res,^  B.P. — 0.3  Gm.,  3  gr. 

Hemidcsmi  Rod. — The  root  of  the  Hemidesmus  indicus. 

Quillaiit  Cortex,  B.P.;  Quillaia  (Soap  Bark). — The  dried  inner  bark  of  Qallbja 
Saponaria. 

Tr.  Qniii.,  B.P. — 5  per  Cent.    Dose,  3  to  4  c.c,  >$  to  t  dram,  B.P. 

Saponoria;  Soap-root. — ^Thc  root  or  leaves  of  Saponaria  officinalis. 

Sarsapaftlla,  U.S.P. — The  dried  root  uf  Smilax  sjjccies.  Duse,  j  Gm.,  .^o  gr.,  V.^'^ 
The  Jamaica  variety  contains  a  single  saponin  glucosid,  " sarsasaponin "  (Power  wa 
Salway.  iqi4)> 

Fld^xt.  Sarsap.,  U.S.P. — Dose,  2  c.c,  30  minims,  U.S. P. 

Fldcxt.  Sarsap.  Co.,  U.S.P — 100  c.c.  reprevnts  75  Om.  of  Sarsaparilla  andjti"' 
of  Mezcrcum,  Savored  with  Glycyrrhiza  and  Sassafras:  ^  alcohol;  l^()  glycerin.  l>o^^ 
3  c.c,  .-[o  minims,  U.S.P. 

•5yr.  Sarsap.  Co.,  U.S.P. — 10  per  cent.  SarsapariUa;  1.5  per  cent.  Senna;  fiarowi 
with  licorice,  sassafras,  anise  and  wintergreen.     Dose,  15  c.c  ,  4  drams,  U.S.P. 

Senega,  U.S.P.;  Scneg.  Rad..  B.P.  (Seneca  Snakerool). — The  dried  roots  of  Pol.Vf*** 
Senega.     Dosa,  t  Gm..  15  gr.,  U.S.P. 

Pldext.  Seneg.,  U.S.P. — Contains  some  ammonia.     Dose,  i  c.c,  15  minima,  VSt- 

Inf.  Sencg.,  B.P. — 5  per  cent.     Dose,  15  to  30  c.c,  ^j  to  1  ounce,  B.P. 

Syr.  Setug.,  U.S.P. — 20  per  cent.     Dose,  4  c.c,  i  dram.  US. P. 

tr,  Seneg,,  B.P. — ao  per  cent.    Dose,  2  to  4  cc,  \^i  to  1  dram,  B.P. 
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The  glucosidal  alkaloids,  solanin,  solaoein,  aad  solanidin,  which  occur  in  plants  of 
potalo-gcnus  (Solanum  nigrum,  dulcamara,  tuberosum  (Potato),  CaroUnease,  and 
auklo),  possess  a  typical  sapotoxin  action.  In  certain  species,  particularly  tn  S. 
camara,  they  are  associated  with  a  small  quantity  of  atropin-Ukc  alkaloid  and  with 
apooin  (dulcamann).  The  latter  plant  is  somctimt*A  u<ted  as  a  nauseant.  Solanin 
I  the  formula,  CuHuNOi*;  it  splits  into  sugar  and  solanidln,  C«oH«i\Oi.  The 
iiun  literature  is  reviewed  by  Meyer  and  Schmiedeberg,  1805. 
Ttdip  bitihs  contain  an  alkaloid,  tulipin,  that  is  closely  related  to  solanin  and  colchicin 
abert,  1917). 

SoUnnm  DulcamAia. — Bittersweet. — The  young  branches  are  used.  Dos€,  4  c.c. 
^hefluidextract. 

Potato  {Solanum  Tuberosum). — The  toxic  principles  are  distributed  throughout  the 
nl,  but  only  very  small  quantities  are  found  in  ine  pulp  of  the  tuber — too  small  to 
>duce  any  action.  The  quantity  is  larger  in  the  peel,  and  especially  in  very  young 
1  in  sprouting  potatoes,  but  it  is  not  increased  by  storage.  Tne  amount  in  potato  is 
[inariiy  too  small  to  be  harmful  (less  than  o.oi  per  cent.)  and  it  was  doubled  whether 
Dtato  poisoning"  could  be  due  to  solanin  (Drostc,  1915).  However,  under  conditions 
Lt  are  not  understood  the  solanin  may  occasionally  rise  to  4  or  5  times  this  quantity. 
M  0.2  Gm.  of  isolated  solanin  provoke  untoward  symptoms  in  man,  potatoes  con- 
ning thb  high  quantity  of  solanin  are  poisonous,  as  shown  in  the  outbreaks  of  l^ipzig 
Dthc«  1919)  aud  Glasgow  (Harris  and  Cockbum,  igiS).  In  both,  the  suspected 
Atoes  contained  over  0.4  Gm.  of  solanin  per  kilopram. 

The  symptoms  pointed  to  gastrointestinal  irritation:  vomiting,  diarrhea,  colic, 
idache,  depression,  etc. 

Solanum  Carolinense. — The  berries  have  been  recommended  in  epilepsy.  They  arc 
rays  given  with  bromids.  and  the  therapeutic  effects  of  the  mixture  are  probably  due 
Cirely  to  the  latter.    Dost^  4  to  $  c.c.  of  the  fluidextract. 


W  SNAKE  VENOM 

Actions. — The  effects  of  snake  venom  are  partly  local,  partly  central.  The  local  effects 
cuat  especially  in  an  intense  cellulitis  at  the  site  of  the  bite.  This  is  accompanied 
rswellins  and  progresses  to  gangrene.  The  blood  isalsodeeplyaffected.  Itscoagua- 
lily  is  altered,  as  with  albumoses.  The  red  blood  corpuscles  are  dissolved.  There  is 
twderable  tendency  to  extravasation  and  thrombosis.  The  leucocytes  sink  to  35 
n  cent,  of  their  normal  number. 

Snake  venoms  have  no  effect  on  infusoria,  bacteria,  or  on  plants,  but  they  arc 
>ik  to  all  animals  above  the  hydra. 

The  tysUmic  actions  are  nervous,  and  mainly  central.  The  most  ronsnicuous  is  a 
ilbor  paral>'sis.  There  is  a  period  of  incubation  (in  man,  of  about  four  liours'  dura- 
i>n];  the  patient  then  becomes  drowsy,  and  then  presents  an  ascending  paralysis  of  the 
trd — i.e.,  in  the  order  of  leg?,  arms,  larynx,  and  tongue.  This  may  be  preceded  by 
mvTilsive  movements.  There  is  also  sahvation  and  vomiting.  The  respiration 
^tonics  dyspneic,  giving  rise  to  asphyxial  con\^lsions  and  forming  the  cause  of  death. 
he  heart  beats  for  some  time  after  the  respiration  stops.  A  paralysis  of  the  vaso- 
olor  center  b  frequent  with  these  poisons,  leading  to  a  fall  of  blood  pressure.  The  lat- 
r  is  in  part  due  to  peripheral  effects  on  the  heart  and  on  the  endings  of  the  splanchnica. 
Ithe  heart  the  paralysis  involves  both  ganglia  and  muscle.  There  is  also  some  curare 
iloD. 

These  actions  are  common  to  all  snake  venoms;  with  certain  snakes,  however,  the 
Cfti  actions  predominate,  with  others  the  systemic. 

The  danger  depends  on  many  conditions.  For  rattlesnake  venom,  the  fatal  hjTSO- 
Ermic  dose  would  perhaps  be  0.15  to  0.5  Gm.  The  actual  mortality  in  America  is 
robably  about  105  percent,  for  all  snakebites,  11. 7  percent,  for  rattlesnakes  (Willson, 

Cobra  Venom. — This  has  been  reexamined  by  Cushny  and  Yagi,  1916.  Frogs 
>o«red  mainly  a  slow  curare  action.  This  was  also  the  cause  of  death  in  mammals, 
aper-lelhal  doses  also  act  directly  on  all  forms  of  muscle,  producing  first  stimulation, 
«n  depression. 

Autonomic  nerves,  ganglia  and  myoneural  junctions  were  not  affected;  nor  was  there 
action  on  the  central  nervous  system. 
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Hemolytic  Principle. — This  is  probably  a  toxalbumin  (Kyes  and  Sachs).    Col 
venom  lakes  washed  human  and  guinea-pig  corpuscles  directly,  in  the  absence  of  sen 
whereas  washed  sheep  and  ox  corpuscles  are  highly  resistant,  but  are  rendered  susccpl 
ble  by  the  addition  of  serum  or  lecithin.     Kyes,  1910,  therefore  considered  the  vena 
as  amboceptor  and  lecithin  as  complement.     The  existence  of  this  toxic  "  cobraJecitiiid* 
was  discredited  by  Alanwaring,  1910,  and  others.    Von  Dungern  and  Coca  showed  tl 
venom  contains  a  lipoid-spiitiing  ferment,  which  liberates  hemolytic  clea\*agc  products' 
Noguchi  believes  thiit  soaps  of  unsaturated  fatty  acids  may  act  as  "complement." 

Ophiotoxin  and  Crotalotoxin. — These,  according  to  Faust,  1010  and  igxi,  are  tlip 
chief  toxic  constituents  of  cobra  and  rnttlesnake  venom  respectively,  being  responsible 
for  the  central  actions.  They  are  definite,  non-nitrogenous  [)rinciples,  not  glucosidal, 
but  otherwise  very  closely  related  in  their  physical,  chemical  and  pharmacological  char- 
acters to  the  saponins;  and  probably  related  to  the  toad  poison,  and  hence  to  choleMcrin 
They  produce  practically  all  the  effects  of  the  whole  snake  venom,  except  agglutination 

Rattlesnake  venom  is  not  toxic  lo  rattlesnakes.  The  serum  of  these  snakes,  how- 
ever, is  not  antitoxic.  It,  as  also  the  bite,  has  only  a  low  toxicity  (Walkerand  Marshall, 
19x5,). 

Treatment  of  Snake  Bite. — This  must  be  very  prompt.  The  wound  should  be 
Ugated.  expressed,  excised  or  cauterized.  Crystals  of  potassium  permangance  should 
be  rubbed  in,  or  a  solution  of  this,  of  chlorinated  lime  or  of  iodin,  should  br  frrtly 
injected  into  or  nbout  the  wound.  Medullary  stimulants,  and  large  doses  of  strvchmn, 
are  useful.  The  popular  treatment  with  large  doses  of  alcohol  Is  empirical.  IromuiuA- 
tion  by  anlivenins  has  been  tried  extensively. 

Other  Animal  Poisons. — Various  animals  contain  toxic  substances  belonginfE  to 
different  groups.  They  are  re\'iewed  by  Faust,  1910;  and  the  animal  hemolv'tic 
poisons  by  Sachs,  1906.  The  toxins  of  Intcstintil  Parasites  are  discussed  by  Paalun, 
1914- 

J.  Coughlin,  1917,  describes  scorpion,  tarantula  and  centipede  bites,  which  were  not 
fatal.     Garcia,  1917,  discusses  the  effects  and  treatment  of  spider  bites. 

Bef'poison. — Flury,  1930,  confirms  that  this  is  not  a  protein.  It  appears  tobei 
sapotoxin-like  complc.ic  of  lecithin  and  basic  components. 

Ascaris  Pm\0n. — .Ascaris  and  other  intestinal  parasites  >'ield  a  propcptone  llrtt  fc 
extremely  toxic.  The  symptoms  resemble  those  of  peptone  injection.  Loral  applioh 
tion  to  the  conjunctiva  produces  irritation.  This  substance  is  not  hemolytic  (T<xW 
and  Hajime,  igi  7). 

Ascftris  lumbricoider  also  contains  a  hemolytic  substance.  This  is  confined  to  llw 
digestive  tract  of  the  worms  and  is  probably  used  for  the  digestion  of  blood  by  the 
parasites.  Its  action  is  inhibited  by  scrum,  so  that  it  is  probably  not  concemird  u> 
anemia. 
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The  protective  action  of  cholesterol  against  saponin  hemolysis  has  led  to  therapeulic 
trials  in  hemolytic  diseases.    The  results  have  not  been  decisive. 

Characters. — Cholesterol  is  a  nion-atomic  alcohol,  CitHuOH,  with  the  solubititV 
characters  of  fats.  It  is  therefore  but  poorly  absorbed  (Stadclmann,  1898;  KJo»i 
1910).  Its  oxidation  products  produce  effects  (digitalis  and  saponin)  resembling tbose 
of  bile  acids  and  of  the  poisons  of  toads  and  snakes.  IndcccI  all  these  are  probifc^ 
derivatives  of  cholesterol  (Faust,  1911;  Flury,  1911).  Cholesterol  itself  is  somr^M 
stimukling  to  the  heart-muscle,  but  without  slowing  fDanilewsky).  Chok  '■  ' 
and  its  fatty  esters  lessen  phagocytosis;  lecithin  removes  this  effect  for  cholesterol,  d"^ 
not  with  the  esters  (Steuber,  1913). 

A  bibliography  of  cholesterol  is  in  Merck's  Report  for  iQt^,  vol.  28,  pp.  9  and  \o. 

Occurrence.— -Cholesterol  is  an  essential  constituent  of  all  cells,  and  tlicreforc  occur* 
in  most  foods.  H^g-yolk  is  especially  rich,  one  yolk  containing  about  0.25  Gm.  (Klon, 
1910).  It  is  generally  prepared  from  gall-stones.  Its  esters  and  bomologs  coosutnt^ 
Wool-fat  (sec  Index). 

Cholesterol  is  present,  partly  free  and  partly  as  esters  of  the  higher  fatty  acids,  io  ti* 
blood  plasma,  red  corpuscles,  and  especially  in  the  leucocytes,  in  fairly  constant  quantiii 
under  normal  conditions.  Cholesterol  plates  may  be  found  in  any  tissue  when  the  cclli 
have  undergone  slow  destruction  and  where  absorption  is  r>oor. 

Cholesterol  Income. — The  cholesterol  content  of  the  body  is  increased  by  fecdios 
cholesterol  (Lehmann,  1914;  Wacker  and  Hueck,  191.^).  Mice  can  synlhetixc  ihoW»- 
tcrol  when  it  is  absent  from  their  food  (Dcgani,  1914);  but  it  is  now  bcUcvcd  Lhatitisnnt 
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rily  formed  in  higher  animals,  but  depends  upon  the  food  and  therefore  evcntuaUy 
m  plants.  Ordinary  food  contains  adequate  amounts;  but  when  the  diet  is  restricted, 
IT  when  there  are  extraordinary  demands,  as  in  growing  children,  it  may  conceivably 
tc  deficient  (Meadel,  1914). 

Fate. — Cholesterol  is  absorbed  from  the  alimentary  tract  into  the  lymph,  being 
kmoDStrable  in  the  thoracic  duct. 

During  absorption  from  tJic  intestines,  free  cholesterol  is  partly  esterified,  and  the 
«tcr4  are  partly  hydrolyzcd  (J.  H.  Mueller,  1915).  A  part  is  converted  into  esters 
Nffore  absorption  ?Mueller,  1915).  The  excretion  in  man.  whh  various  diets,  was 
tudied  by  Ellis  and  Gardner,  1012.  It  is  5rst  oxidized  into  oxycholesterin,  and  a  part 
probably  into  the  cholic  acid  of  the  bile  TLiefschuclz,  1914)- 

H>T3odermic  injection  into  rabbits  produces  marked  inflammation  and  necrosis  of 
iic  subcutaneous  tissue.  This  gradually  subsides  with  the  disappearance  of  the  choles- 
lerin,  which  is  effected  mainly  through  the  leucocytes  (Baslcn.  1915*. 

With  intra\'enous  injection,  it  leaves  the  blood  rapidly,  being  deoosilcd  in  various 
organs,  and  partly  excreted  by  the  bile  and  urine.     The  kidneys  snow  degenerative 
dunged  and  focal  infiltration  with  cholesterol  (K.  Dewey,  iqi6). 
.   Relation  to  Fat-metabolism. — Cholesterol  probably  plays  some  t6\c,  but  this  has 
t»ceo  defined  (Blo<:)r,  loi;). 

Cholesterol  Content  of  Blood  in  Disease. — This  has  been  studied  by  Klitkcrt,  19 15; 
Buerger  and  Beumer,  191:;;  Gorham  and  Myere,  191 7,  etc.  Increase  of  the  cholesterol 
content  of  the  plasma  was  reported  for  diat>etesmcllitus,  icterus  and  some  other  diseases; 
decrease  in  infective  diseases. 

It  is  also  increased  by  partial  or  complete  excision  of  the  suprarenals;  at  the  same 
tiroe,  increased  quantities  arc  excreted  by  the  bile  (Rothschild,  191J). 

Btcod -cholesterol  in  Hcpaiic  Disorders. — In  obstructive  icterus  by  gall-stones,  the 
cholesterol  content  of  the  blood  is  markedly  elevated,  apparently  proportional  to  the 
intensity  of  the  icterus,  but  not  to  the  amount  of  bile  pigments  in  the  blood.  In  other 
hepatic  disorders  the  blood-cholesterol  is  not  increased,  but  usually  diminished.  It 
haibetn  sugcested  that  the  liver  regulates  the  cholesterol  content  of  the  body  through 
this  biliar>-  evcrction  fUoih?child  and  Fclscn,  1919). 

BlooH  ChtfUsitroi  after  Ether  and  Chloroform. — With  dogs,  ether  anesthesa  of  60  to 
90 minutes,  on  successive  days,  increases  materially  the  serum-cholesterol,  persisting  for 
•eveial  days  after  the  inhalations  have  been  discontinued.  Chloroform  produces  a 
mudlcr  increase  for  2  or  3  days,  and  then  decreases  the  serum  cholesterol  (Ducceschi, 
1919). 

Blood-lipoids  in  Attfmia. — These  appear  to  retain  approximately  their  normal  ratio. 
if  the  reduction  of  corpuscles  does  not  exceed  half  of  the  normal.  Beyond  this  point, 
•bnormabties  occur,  in  the  following  order  of  magnitude  and  frequency:  (most  marked) 
fagh  fai  in  plasma;  low  cholesterol  in  plasma  and  sometimes  in  corpuscles;  low  lecithin 
>n plasma  (least  marked).  These  changes  have  been  attributed  to  deficient  fat-assimita- 
tJon;  convcf^ion  of  fat  into  lecithin  being  one  of  the  functions  of  the  corpuscles  (Bloor 
sod  MacPherson,  1017). 

Effects  on  Growth. — The  continued  administration  of  cholesterol  to  white  mice 

ttusea  marked  retardation  of  growth  in  early  !ifc.  acceleration  in  later  life  (T.  B. 

,  Robertson.  1016.  igig).    Itsadministration  to  mother-mice  markedly  retards  the  growth 

of  Ihr  i^ucklings  (  Robertson  and  Cutler.  iqi6).     Burnett,  igi.^,  states  liiat  its  injection 

I  "derates  the  growth  of  experimental  cancer.     The  division   rate  of  paramecium  is 

jKitly  increased  (Browder,  IQ15). 

Robertson  and  Burnett,  igi8  believe  that  the  growth  accelerating  action  of  choles- 
tWoi  and  of  lethelin  are  conditioned  on  their  OH  group. 

Phagocytosis  and  Antibodies. — In  rabbits  and  guinea  pigs*  cholesterol  injections 
w»cr  phagocytosis  by  direct  action  on  the  leucocj'tcs.  They  also  delay  antibody 
fonnition  (Dewey  and  Nuzum,  1Q14). 

A&eroma. — Feeding  or  injections  of  cholesterol  produce  arterial  lesions  in  rabbits 
jWtlkcr  and  Hueck,  IQ13;  Ignatowaki  and  Chalatow;  .\dlcr,  1914;  Ucnny  and  Frolh- 
"^Rham,  1014);  also  degenerative  changes  in  the  suprarenal  cortex  (Knack,  1915).  Less 
niarkcd  arterial  changes  are  produced  in  guinea  pigs  (Bailey,  1915). 

By  intravenous  injection  over  long  periods,  Adicr,  191 7.  produced  arterial  lesions 
'**iubling  closely  those  of  human  arteriosclerosis.  They  were  most  marked  in  the  pul- 
Oooan,'  artery.  Adlcr  is  inclined  to  attribute  them  to  the  intermittent  but  very  exten- 
Bve  blocking  of  the  vessels  by  the  injected  oil,  and  tliercforc  not  to  the  chemical  prop- 
erties of  cholesterol. 

FrotectioD  Against  Poisons. — Free  cholesterol  neutralizes  a  numl>er  of  poisons. 
Mpedally  hemol>-tic  (saponin,  tctanolysin).     It  is  also  said  to  protect  against  strychnin; 
\y  if  the  two  substances  are  mixed  (Fizzoni  and  Perucci,  1919). 
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Therapeutic  Use. — In  paroxysmal  hemoglobinuria,  Pringheim,   191  a  and   loij 
reports  partial  success  from  sijc  intramuscular  injections,  on  alternate  days,  each 
5  c.c.  of  10  per  cent,  cholesterol  emulsion.    The  action  did  not  outlast  the  admini 
tration.    Reichcr.  igo8.  in  pernicious  anemia,  administered  it  by  mouth,  3Gm.in 
cc.  of  olfvc  oil,  daily,  in  tablespoon  doses.    The  preparation  of  a  watery  emulsion  fa 
intravenous  injection  is  described  by  Dewey,  1916. 


ACONITE 

General  Statement. — Aconile  owes  its  activity  to  the  rather  unstable 
alkaloid  aconitin.  This  is  a  peripheral  and  central  stimulant  and  depres- 
sant. Locally,  the  peculiar  stimulation  (tingling)  and  anesthesia  (numb- 
ness) of  sensory  nerves,  without  inflammatory  phenomena,  is  used  against 
neuralgic  and  rheumatic  pains.  Systematically,  therapeutic  doses  pro- 
duce mainly  a  slowing  of  the  heart  (central  vagus  stimulation)  which 
b  employed  to  some  extent  in  sthenic  fevers.  Larger  doses  are  highly 
toxic;  producing  great  general  depression,  extreme  irregularity  of  the 
heart  (mainly  by  direct  action  on  the  cardiac  muscle),  and  death  by  arrest 
of  the  respiration  or  heart. 

It  is  very  doubtful  whether  the  systemic  use  of  aconite  is  advisable. 
Effective  doses  are  practically  toxic;  and  safe  doses  are  practically 
ineffective. 

The  tincture,  the  most  commonly  used  preparation,  now  contains  10 
per  cent,  of  aconite,  in  both  the  U.S.P.  and  B.P.  (In  the  older  editions, 
the  strength  was  35  per  cent.  U.S.P. ,  5  per  cent.  B.P.  These  differences 
must  be  remembered  in  connection  with  the  older  clinical  papers.) 

HistoricaL — The  toxic  properties  of  aconite  were  known  to  the  ancients;  howevo. 
there  is  con^derable  confusion,  since  the  Roman  poets  used  "Aconite**  to  denote ve|t- 
table  poisons  generally  (Fleming).  Various  species,  most  of  which  arc  toxic,  grow  ia 
different  parts  of  the  world.  They  were  used  as  arrow-poisons  by  the  ancient  Chinese 
and  Gauls.  The  therapeutic  use  dates  from  Anton  Stoerck  ("Observations  on  theUx 
of  Conium,  Stramonium,  .\conite,  and  Colchicum,"  1763),  who  described  the  tins&iS 
without  reddening  or  corrosion,  the  salivation  and  sweating,  and  proposed  its  use  again^^ 
rheumatic  and  neuralgic  pain,  and  for  "dissipating"  awcUinga  and  healing  olon- 
Alexander  Fleming,  of  Edinburgh,  1845,  published  a  comprehensivr  experimental  tiwl 
clinical  "inquiry"  of  Aconitum  Napellus,  which  is  still  a  good  model  for  thcrapeotic 
observation.     Aconite  is  a  favorite  remedy  of  the  homeopathic  school. 

Chemistry  of  Aconitin. — The  chief  active  constituent  of  Aconitum  Napellus  is  tl* 
alkaloid  Acotiiiin,  which  occurs  in  a  crystalline  and  amorphous  form.  It  is  chemicallr 
an  acctyl-bcnzyol-cster  of  actmin,  a  base  derived  from  quinolin  (Ehrenberg  and  Put' 
fUrst).  It  decomposes  readily,  even  on  boiling,  with  water,  into  benzoyl  aconin  (Pirro- 
aconitin,  Iso-aconitinl  and  this  again  into  aconin  (Freund  and  Beck,  18Q4V  Tbejr 
have  the  same  actions  as  aconitin,  but  picroacuniUn  is  only  about  ^^q  as  strong is 
aconitin,  aconin  J-'iooo*  These  and  probably  other  decomposition  ptwlucts  pre^nit 
in  the  drug,  and  are  probably  formed  in  its  extraction  and  especially  in  the  manufattme 
of  the  alkaloid. 

Comnirrcial  "  Aconiiins**  therefore  may  represent  mixtures  of  varying  strengthr 
some  being  a  hundred  times  more  active  than  others.  This  enormous  variabilit}'  i^ 
most  unfortunate  in  a  substance  of  so  great  a  toxicity;  and  several  fatal  accidents,  V» 
which  it  gave  rise,  have  led  to  the  practical  abandonment  of  the  internal  use  of  acoaioP 
in  therapeutics. 

Variability  of  Tincture. — The  tincture  is  also  subject  to  variation,  even  when  it^ 
chemically  assayed  for  total  alkaloids.  Robinson,  1Q15,  for  instance,  found  a  cherakally 
assayed  sample  practically  inactive.  Haskell  and  pupils,  igis,  find  the  actt\ity  t^ 
vary  nearly  jooo  per  cent. 

Solid  extracts  varied  even  more  widely,  some  being  5000  times  more  active  lb* 
others  (A.  R,  L.  Dohme,  1Q18). 

I'he  chemical  assay  is  therefore  useless,  or  rather  harmful,  and  should  be  repUcN 
by  the  bio-assay  described  in  the  U.S.P.,  IX. 
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Otiier  spedes  of  aconite  contain  related  alkaloids,  with  similar  actions;  Pscud- 
icOQitin  or  Nepalin;  Indaconitin;  Bikhuconitin;  Japacomtin,  etc. 

T.  R.  Frascr,  1S7J.  showed  that  the  effects  of  aconitin  and  pscudaconitin  arc  quali- 
tatively alike;  but  that  aconitin  acts  much  more  on  the  heart,  pscudaconitln  on  the 
-espiratioii.     He  further  reports  in  1916  on  some  East  Indian  species. 

Local  Actions. — In  the  mouth,  aconite^  even  a  small  quantity  of  dilute 
solutions,  produces  a  peculiar  warm  and  tingling  sensation,  a  sour  rather 
than  bitter  taste,  followed  by  numbness  and  anesthesia.  The  lips,  tongue, 
and  mucous  membrane  of  the  mouth  and  throat  feel  as  if  swollen.  The 
Bow  of  saliva  is  increased  reflexly.  The  apparent  irritation  is  not  accom- 
panied by  redness,  pain,  objective  swelling,  or  other  sign  of  inflammation. 
It  is  therefore  purely  sensory. 

Analogous  effects — heat,  tingling  and  succeeding  numbness,  without 
inflammation,  are  produced  in  any  other  situation  to  which  the  drug  may 
be  applied;  and  even  on  the  systemic  administration  of  large  doses. 

From  the  skin^  watery  solutions  are  but  slighlly  absorbed,  and  friction 
must  be  employed  to  secure  the  local  effect.  Oily  solutions  and  ointments 
ajc  absorbed  readily. 

B%o-<issay. — The  tingling  sensation  in  the  mouth  was  proposed  by  Squibb  for  the 
identification  and  estimation  of  aconite,  and  is  still  one  of  the  most  satisfactory  methods. 
Perfustoa  of  the  isolated  frog's  heart  is  sensitive  to  aconitin  in  dilution  of  two  in  a 
miltioQ  (G.  B.  Roth,  igi^).  The  fatal  dose  for  guinea  pigs  has  been  adopted  by  the 
U5.P.  as  the  most  practical  test. 

Eye. — Fleming  claimed  that  the  application  to  one  of  the  temples  or  one  side  of  the 
forehead  may  produce  more  or  less  ftemporary)  blindness  on  that  side.  The  pupils 
i»  then  dilated,  presumably  to  admit  more  light.  The  application  to  the  conjunctiva 
constricts  the  pupils.  In  systemic  poisoning,  they  arc  also  constricted  until  the  6nal 
uphyxial  dilation. 

Therapeutic  Use  of  the  Local  Action. — This  is  used  for  the  relief  of 
toothache,  neuralgia,  migraine,  rheumatic  and  other  similar  pain.  For 
this  purpose  it  may  be  employed  by  thorough  friction  of  the  tincture,  un- 
diluted or  with  the  addition  of  i  10  10  parts  of  soap  liniment.  This  is 
probably  as  effective  as  the  expensive  Uagueutum  Aconitime  (2  per  cent.)> 

Flcmiag  claimed  that  the  internal  Wst  of  the  tincture  is  often  more  cfTcclive  in  neu- 
ralgia. He  started  with  increasing  from  about  1  cc.  of  the  U.S. P.  tincture,  three  times 
<l&ily  and  increased  the  dosage  until  the  full  therapeutic  effect  (pulse  of  54,  lethargy, 
etc.)  is  obtained. 

SyBtcmic  Effects  of  Therapeutic  Doses. — These  consist  mainly  in  a 
more  or  less  pronounced  slowing  of  the  heart  raie^  to  60  or  54  beats  per 
minute,  according  to  the  dose  and  the  susceptibility  of  the  individual. 
The  piilse  is  also  softer  and  weaker,  but  remains  regular  as  long  as  the 
(Josage  of  slowing  is  not  surpassed.     The  blood  pressure  falls  slightly. 

The  therapeutic  slowing  (which  is  often  absent  in  anesthetized  dogs) 
•s  due  mainly  to  stimulation  of  the  vagus  center,  for  it  is  practically 
aUcnt  if  the  vagi  have  been  divided  (S.  A.  Matthews,  1897). 

The  typical  slowing,  which  occurs  in  one  and  one-half  to  two  hours 
'^  the  tincture  has  been  taken  by  the  mouth,  is  preceded  by  subjective 
^tHialions  of  evanescent  warmth,  and  persistent  numbness  and  tingling^ 
|*f(nnmng  in  the  finger  tips,  and  extending  along  the  arm,  as  the  dosage 
*s  increased.  The  respiration  is  moderately  slowed,  and  more  or  less 
labored.  With  the  full  therapeutic  dosage,  the  patient  is  weak,  giddy, 
confused,  lethargic  and  cold.  These  phenomena  last  for  three  to  five 
flours,  and  are  as  far  as  the  therapeutic  action  should  be  carried.     They 
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are  produced  by  doses  corresponding  to  0.15  to  0.3  gm.  of  aconite  (Flem- 
ing) i.e.  by  to  1.5  to  3  c.c.  (20  to  45  minims)  of  the  10  per  cent.  U.S.P. 
or  B.P.  tincture. 

Sii'cafing  mny  occur  but  is  not  constant.  The  urine  is  not  increased.  The  ttrnpas- 
Utrc  is  not  markedly  affected  by  the  therapeutic  doses.  Digestion  end  peristaixis  ire 
not  disturbed.     There  h  no  Lumulaiive  adion. 

Vasomotor  Center. — This  is  not  affected  by  non-toxic  doses.  Toxic  dosci,  howc\xr. 
produce  a  maximal  stimulation,  more  intense  than  can  be  obtained  from  atimuUlionof 
sensory  ner\*es  (Pilcher  and  SoUmann,  iQXs). 

Inactive  Tinctures. — Several  recent  observers  (Price,  iqh;  Rudolph  and.  Gale,  i^ut 
have  been  un.ihlc  to  obtain  effect*  on  the  pulse  and  blood  pressure,  from  small  ind 
fairly  large  doses,  in  a  variety  of  clinical  conditions.  These  negative  results  arc  pn>l!- 
ably  ascribable  to  inactive  preparations  of  the  drug,  as  with  Robinson,  1915. 

Therapeutic  Uses. — The  slowing  of  the  circulation  has  been  utilized 
in  heart  disease,  in  hypertension,  and  in  sthenic  fevere,  but  is  of  doubt- 
ful value,  especially  in  view  of  the  total  inefficiency  of  the  dose  ordinarily 
given. 

Sthenic  Fevers. — In  these,  it  is  supposed  to  *'calm  "  the  overactive  heart,  and  to  pro- 
mote the  action  of  mild  diaphoretic  agents  (spirits  of  niter,  ammonium  acetate,  etc.!- 
It  is  used  in  this  way  during  the  sthenic  stage  of  acute  fevers;  especially  in  children,  fw 
the  "  abortion"  of  colds.  According  to  Ringer,  it  is  administered  in  small  and  frcqurnt 
doses  (3  to  5  drops  of  the  10  per  cent,  tinctwre  for  adults,  at  fir*.t  every  fifteen  minuta 
for  two  hours,  then  every  hour,  until  the  piilie  retumcs  to  normal),  and  onlyforthc 
first  day  of  the  fever,  to  avoid  depression.  Tt  is  difficult  to  judge  its  usefulncsft  under 
such  conditions. 

Cardiac  CondiUons. — .Aconite  is  plainly  contraindicaieA  in  incompensatcd  val\lil»f 
lesions,  since  it  would  reduce  the  already  defective  mass-movement  of  the  blood.  Tbco- 
rctically,  it  might  be  indicated  in  functional  overactivity  of  the  heart,  in  excessive  hj^ci- 
trophy,  and  in  acute  iadammatory  conditions  of  the  heart.  In  alt  of  these,  a  slo«in{{ 
of  the  beats  is  desirable.  In  fiict,  however,  the  same  effect  can  be  obtained  by  the  more 
desirable  expedient  of  simple  rest  in  bed.  The  u^  of  "cardiac  depressants"  is  r»o» 
almost  obsolete.  Other  drugs  which  have  been  employed  for  this  purpose  are:  Spartelii, 
Veratrum,  Colchicin  and  Putassium  salts- 

llyprrltHiion. — ["airly  large  dosci  of  the  tincture  (15  In  25  drapn  four  times  dally) 
ha\'e  been  tried,  but  with  doubtful  results.  Thomson,  1914.  claims  tnat  it  lowers  blow 
pressure  and  increases  the  elimination  of  urea  in  interstitial  nephritis.  Pierson.  iQti* 
obtained  very  little  result. 


EFFECTS  OF  LARGER  (TOXIC)  DOSES  OF  ACONITE 

Mammalian  Circulation. — If  the  therapeutic  dosage  is  exceeded,  the 

primary  slowing  of  the  heart  rate  turns  rather  suddealy  into  quickening, 
accompanied  by  arrhythmia,  which  finally  becomes  extreme. 

Toxic  doses  greatly  increase  the  force  and  espcdally  the  rate  of  the  heart,  at  the  »Bfi 
time  rendering  it  extremely  arrhythmic.  The  beats  may  occur  in  groups,  as  *ili 
digitalis.  The  heart  finally  goes  quite  suddenly  into  delirium  cordis,  and  stops.  Dur- 
ing the  earlier  stages  of  this  action  the  blood  pressure  is  extremely  variable,  accordin**'* 
the  var>'ing  force  of  the  heart,  and  the  successive  stimulation  and  depression  of  ibc  vaso- 
motor center.  Toward  the  later  stages,  the  pressure  drops  severely  (Matthews,  if^Tt 
for  further  details  of  the  interesting  cardiac  irregularities  consult  Fleming,  pagejiiin^ 
Cushny,  iqo)}. 

The  cardiac  effects  arc  due  partly  to  stimulation  and  depression  of  the  vagus  Md 
accelerator  mechanisms,  but  mainly  to  direct  action  on  the  cardiac  muscle.  The  cxdtv 
bility  of  the  latter  is  greatly  increased,  somewhat  as  with  digitalis  (which  sec).  Thf 
quickening  occurs  even  in  tlje  nerve-free  heart  of  the  embryonal  chick ;  in  mammals  »1» 
it  b  seen  after  all  the  nerve  endings  in  the  heart  have  been  paral>'zed  by  apoooddiL 

The  isolated  mammalian  heart  rHedbom-Langendorff)  shows  the  following:  The  fint 
effects  arc  inconstant;  the  frequency  is  then  enormously  increased  and  the  amplitude 
lessened  below  what  is  accounted  for  by  the  quickening  (increased  irritability  ana  mtak- 
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ned  musclcV  TTien  follows  a  transient  increase  of  amplitude  (muscular stimulation), 
nd  the  sudden  stoppage  of  left  ventricle  (paralysis  of  automatic  property).  The 
igbt  ventricle  and  the  auricles  make  a  few  more  contractions.  Cancin  may  start  a 
ew  beats. 

Perfusion  of  Medulla  in  Turtle. — Aconitin  stimulates  the  cardio-inhibitory  center 
Bush,  iqzo). 

Action  of  Aconite  on  the  Frog's  Heart — ^These  are  practically  identical  in  the  intact 
mg  and  in  perfused  excised  heart.  They  arc  therefore  peripheral.  They  consbt 
aseolially  in  heightened  irritability  of  the  auricular,  and  especially  of  the  ventricular 
Duscle;  disturbed  conduction;  lessened  contraction  intensity,  and  hnally  parah'Sis. 
rhc  successive  effects  are  described  as  follows  (Boehm,  1871;  Hartung,  iqu;  Fuehncr, 
911). 

I.  PreUmittory  slov-nng  is  sometimes  observed.  It  is  probably  due  to  stimulation 
if  the  vagus  endings. 

3.  Ac<clcration. — Rather  suddenly  the  beats  become  quickened  and  at  first  strength- 
ned.  The  acceleration  is  attributed  to  heightened  irrimbility  of  the  cardiac  muscle. 
fhe  time  of  contraction  and  the  refractory  phase  are  shortened. 

5.  I n€i>i)rdi nation. — Ventricular  extra-systoles  appear  (even  when  the  auricles  are 
emovedl.  The  rate  of  the  ventricle  increases  above  that  of  the  auricle,  at  first  in  a 
ef^ulur  ratio.  The  combination  of  the  two  rates  results  in  "periodic  di5S(>ciation"  or 
5r<mped  beats.  As  the  rate  continues  to  increase,  the  contractions  can  not  be  main- 
lained  regular,  and  become  extremely  incoordinated,  resulting  in  the  characteristic 
'peristalsis"  of  the  heart-muscle.  This  begins  in  the  auricles,  but  soon  extends  to  the 
ventricle.  It  consists  in  vermicular  movements,  in  which  the  blood,  instead  of  being 
propelled,  is  merely  moved  about  in  the  heart.  The  localized  contractions  may  lead  to  a 
mulbern,-  appearance,  etc.  Sometimes  the  contraction  sequence  is  reversed  so  that  the 
ventricular  contraction  initiates  the  auricular  I>cat.  These  irregularities  may  alternate 
•nth  periods  of  quite  normal  beats.  The  regular  rhythm  can  often  be  restored  by  stimu- 
liting  the  accelerator  nerve. 

4.  StanditiU. — The  extreme  irregularity  aUva>"s  passes  off  after  a  time,  and  is 
succeeded  by  slow  and  weak,  but  fairly  regular  contractions,  except  that  the  ventricles 
b«l  much  slower  than  the  auricles.  Eventually  the  ventricles  stop  relaxed,  and  then 
ibc  auricles,  usually  rather  suddenly.  Atropin,  accelerator  stimulation,  or  direct  stimu- 
Ulion  may  start  a  few  rhythmic  beats,  but  the  contractility  is  soon  lost  completely. 

Heart-test  for  Aconitin. — The  peculiar  heart  "peristalsis"  is  the  most  delicate  and 
characteristic  lest  for  aconitin.  Fuchncr,  1911,  could  thereby  detect  Woo  ^S-  >n  Intact 
'rogs  and  J^ooo  ni^-  i"  excised  hearts.  Similar  effects  are  producted  by  tne  related 
t'clphinin.  The  Digitalis  group  also  produces  peristalsis,  but  this  is  of  short  duration 
and  followed  by  s\'Stolic  stanstill. 

Skeletal  Muscles  and  Motor  Nerves. — Strong  concentrations  of  aconitin  at  first 
stimulate  and  then  paralyze  the  motor  nerves  peripherally.  The  stimulation  is  mani- 
'ttted  by  fibrillary  twUching^  occuring  in  muscle-nerve  preparation,  spontaneously  or 
2*cially  after  stimulation  of  the  nerve.  The  threshold  of  stimulation  is  lowered. 
Toe  twitchings  do  not  occur  after  curare,  and  must  therefore  be  in  the  endings.  They 
°uy  Be  seen  m  liWng  animals.  The  subsequent  paralysis  of  the  nen'e.  and  eventually 
<>^  the  muscle  substance,  can  not  occur  during  life,  since  the  dose  and  tne  time  required 
•repeater  than  what  would  paralyze  the  heart  (Hartung,  1911).  The  allied  Dclpninin, 
Wevcr.  has  been  recommended  as  a  substitue  for  curare  in  frog  work  (Schiller,  1904). 

Infusoria  and  plants  are  also  killed  by  aconite  (Ileming). 

Respiration. — This  is  progressively  slowed  in  proportion  to  the  dose  (Fleming). 
h  is  also  labored  and  the  later  stages  become  irregular.  The  slowing  bears  a  supcr- 
Wnl  resemblance  to  that  of  vagus  stimulation;  but  since  it  occurs  also  after  section  of 
tiicvagi  (Boehm  and  Wartmann,  ift?.?),  it  must  be  due  to  direct- depression  of  the  rc- 
^iratorv  center.  It  is  characterized  by  longer  expiratory  pauses.  Primary  increase 
*'' nt^iration  has  been  claimed  (Cash  and  Dunstan;  Anrep);  but  it  is  small  and  incon- 
•Uct,  and  probably  due  to  other  factors  (Hartung,  1912). 

Temperature. — This  falls  in  severe  poisoning,  because  of  the  collapse  and  conse- 
quent paralysis  of  heat  regulation.  The  temperature  of  the  animal  falls  and  rises  with 
^external  temperature  (Brunton  and  Cash,  i886). 

Summation  <rf  Dosage. — The  influence  of  this  on  temperature  has  been  studied  b^' 

Cish.  1Q06.     He  found  an  imperfect  summation  of  effect  if  the  dose  is  repeated  at  sum- 

— '       V)se  interval.     But  if  this  exceeds  two  hours,  the  later  doses  may   produce 

fsa  effect,  i.e.,  the  temiKrature  may  not  fall  as  low  as  with  the  first  dose. 

,-.,-,;  iuiministraiion  produces  some  tolerance  in  rabbits  (Hartung,  19x2). 

Reflexes.    These  arc  diminished,  on  account  of  the  sensory  p&nuysts. 
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SYMPTOMS  OF  ACONITE  POISONING  IN  MAN 

With  very  large  doses  death  may  occur  almost  instantly — probablj 
from  paralysis  of  the  heart.  With  moderately  toxic  doses  the  foUow-ii 
picture  is  seen:  Tingling  in  mouthj  stomach,  and  skin  (the  most  importm 
diagnostic  feature) \  excessive  salivation;  nausea,  retching,  vomiting,  an( 
diarrhea  (the  mechanism  of  the  emesis  is  central;  Eggleston  and  Hatcher,! 
X915).  The  burning  p>asses  into  anesthesia.  There  is  great  restlessn< 
The  puhe  is  slow  and  feeble,  later  arythmic  and  very  rapid.  Respiration 
is  dyspneic.  There  are  muscular  weakness,  incoordination,  vertigo. 
The  skin  is  cold  and  livid.  The  pupUs  are  first  constricted,  then  dilated 
from  the  asphyxia  and  convulsions.  The  intelligcfice  does  not  usually 
suffer,  but  there  may  be  stupor  and  even  unconsciousness.  The  spfrid 
senses  and  speech  may  be  impaired.  Convtdsicrns  are  common.  Death 
may  occur  by  heart  paralysis  or  by  paralysis  of  the  respirator)'  center 
(the  heart  beating  after  death;  Fleming).  The  symptoms  may  appear 
almost  instantly,  and  are  rarely  delayed  beyond  an  hour.  In  fatal 
poisoning  death  occurs  usually  in  two  to  six  hours.  There  arc  no  constant 
postmortem  changes, 

l^Hology.^ Accidental  poisoning  from  the  fresh  plants — which  as  monkVbood  and 
the  related  larkspur  are  quite  common  in  gardens — as  also  from  liniments,  etc.,  is 
fairly  frequent.  On  account  of  the  small  dose,  the  absence  of  postmortem  signs,  aoA 
the  difficulty  of  chemic  proof,  aconitin  became  quite  a  favorite  for  suicidiU  purpo^ 
The  use  of  the  plant  for  criminal  poisoning  is  widely  spread  in  the  East.  The  symptotrii 
are  so  unmistakable—especially  the  tingling — that  it  has  not  found  may  users  in 
ci\'ilized  countries. 

Subtoxic  Effects  in  Man. — According  to  Fleming,  0.5  Gm.  of  Aconite  produftf 
aggravation  of  the  therapeutic  effects,  of  the  suhjertive  symptoms,  and  lethargy  witt 
anxiety.  The  pulse  may  either  be  very  slow  (to  36)  and  regular,  or  more  often  incrciK* 
suddenly  to  yoor  80,  and  becomes  small,  weak,  and  more  or  less  irregular.  The  auickcn- 
,ing  may  occur  without  any  prclirainarj*  slowing.  Robinson,  1915,  obscrvea  extra- 
systoles  without  other  effects.  The  respiration  is  also  irregular.  The  temperature  ia^ 
further.  There  is  generally  vomiting.  These  symptoms  do  not  entirely  subside  fw 
one  or  two  days. 

Dangerous  Effects.^With  doses  of  0.67  Gm.  of  Aconite,  the  collapse  becomes  pro- 
nounced, with  paU-  sunken  face,  froth  at  mouth,  and  extreme  prostration.  Con.«icious- 
ncis  remains,  perhaps  with  slight  delirium.  The  voice  is  weak  or  lost-  The  pube 
is  very  small,  weak,  and  irregular;  the  respiration  very  imperfect.  The  skin  it  cdi 
and  clammy.     The  patient  may  recover  with  treatment. 

Fatal  Ejects. — The  patient  is  cither  conscious  or  mildly  delirious,  and  becomeiC- 
tirely  blind,  deaf  and  speechless.  The  pupils  are  dilated.  There  arc  general  mu5<ul*f 
tremors  or  slight  con\'ul3ion3;  the  heart  beat  becomes  imperceptible.  The  tempenturc 
continues  to  fail.     Finally,  the  heart  stops,  more  or  less  abruptly. 

The  fatal  dose  is  uncertain;  According  to  Lewin.  death  has  occurred  from  3  lo  4  f'"'* 
of  Aconite;  recovery  from  7  Cm.;  with  aconitin,  death  has  occurred  with  4  mg.,  ncov^Vf 
with  1 2  mg.     Fothergill  states  that  it  is  more  fatal  for  young  rabbits  than  for  adulU 

Absorption  and  Excretion. — The  absorption  occurs  readily  from  mucous  mcmbrant**. 
alcoholic  and  oily  solptions  are  absorbed  from  the  skin.  Lewin  states  that  it  i.s  cxcrcif'* 
promptly  by  the  urine,  feces,  saliva  and  intestinal  mucosa. 

Treatment  of  Aconite  Poisoning.' — The  common  alkaloidal  antidotrt 
and  evacuation  should  be  employed.  The  symptomatic  Ireatnifot 
should  be  mainly  stimulating:  warmth,  ammonia,  brandy,  strychnin* 
atropin.  Artificial  respiration  is  often  life-saving  (Lewin,  1875).  ^^ 
extremis,  cardiac  stimulants  (epinephrin  or  stropanthin)  should  be  u5ca 
intravenously. 

Antagonism  of  Aconite  and  Di^talis. — This  was  proven  by  FotbcrgiU.  iStt.  b^j 
he  also  snowed  that  the  effects  of  digitalis  with  ordinary  administration  arc  too  slow  t>j 
be  of  practical  value. 
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PREPARATIONS — ACONITE   GROUP 


tUum,  U.S.P.;  Aeon.  Rad..  B.P.;  Aconite  (Wolfsbane,  Monkshood). — The  dried 
ibcrous  root  of  Aconiium  XapcUus,  >-ielding  not  less  than  0.5  percent.,  U.S. P. ,0.4  B.P., 
f  olkaJoids.  ^  Frequently  cultivated  in  gardens.     All  parts  of  the  plant  are  poisonous, 

Ext.  Aconit.,  U.S.P. — A  powdered  extract,  representing  about  a  percent,  oiaikaloids. 
>05f,  10  mg.,  J4  gr.,  U.S.P. 

Fidext.  Aamit.f  U.S.P. — About  0.5  per  cent,  of  alkaloids.  Dose,  0.03  c.c,  W  minim, 
r.S.P. 

*TiHciura  Aconiii^  Tr.  .Aconit.,  U.S.P.;  Tr.  .\con.,  B.P.— 10  per  cent,  of  drug.  0.05 
er  cent-  of  alkaloid,  U.S. P.;  0.04  per  cent.,  B.P.  Miscible  with  water  or  ale.  Dose, 
.3  c.c,  5  miims,  U.S.P.;o.w  too.j  c.c,  2  to  5  minims,  B.P.  Maximum  dose,  0.5  c.c, 
mininis.  The  tinctures  of  the  older  pharmacopeias  were  of  di5ercnt  strength:  35 
erccnt.  in  U.S.P.  until  1890;  5  percent,  in  HP.  until  1915. 

Lin.  Aton.,  B.P. — 0.2  per  cent,  of  alkaloids,  :\  per  cent,  of  camphor,  in  alcohol. 

Aconiiinc,  U.S.P.,  B.P.;  Aconitln,  ChHitNO*. — The  most  active  " crj-stalline " 
ronitin.  Very  slightly  sol.  in  water,  sol.  in  ale.  (1:28}  Dose,  0.15  mg.,  ^00  8^*t 
.S.P.;  maximal  dose,  0.3  mg.,  3^oo  gr.     Its  internal  use  is  not  advisable. 

Ung.  Aconitin,  B.P. — 2  per  cent. 

Deipkinium. — The  various  species  of  Larkspurs  contain  alkaloids,  which  are  closely 
tUted  to  Aconitin,  chemically  and  pharmacologically. 

They  were  used  for  the  destruction  of  body-parasltcs  since  antiquity.  They  have 
[ten  caused  poisoning  in  children,  and  in  cattle  and  horses  (Marsh  and  Claw.%n,  ioi6). 

Sfopkiiagna,  U.S.P.;  Stapkisag.  Sem.,  B.P.  (SUvesacre).— The  ripe  seeds  of  Dciphi- 
imum  Staphisagria.  Dose,  0.06  Gm.,  i  gr,  U.S.P.  It  is  used  locally  against  pcdic- 
losb  capitis  or  pubis,  in  the  form  of  the  10  per  cent.  Ointment  (B.P.),  or  as  the  Fluid- 
ttract  (U.S.P.)  diluted  with  8  to  10  parts  of  soap  liniment  or  baynim.  It  must  not  be 
sed  if  the  skin  is  broken.  U  causes  considerable  local  irritation,  and  sometimes 
uem&  iXewin^i. 

Fidext.  Staphisas.,  U.S.P. 

Ung.  Stcpkisag.,  B.P. — 20  per  cent. 
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VERATRIN  (CEVADIN) 


leral  Statement. — Various  species  of  Veratrura  (Green  and  White 
Hellebore).  Ccvadilla,  Zygadenus^  and  other  Liliaceous  plants  contain 
ttiiitures  of  related  alkaloids.  These  are  esters  of  definite  bases  and 
iwds,  related  to  Aconitin  both  in  structure  and  action. 

KVeratrin"  is  a  mi.xture  of  alkaloids,  extracted  from  "cevadilla" 
1,  which  owes  its  activity  mainly  to  Cevadin.  It  must  not  be  con- 
tused with  Veratrum  and  its  active  constituent,  Protovcralrin,  since 
thdr  actions  differ  in  important  particulars. 

Veratrin  produces  a  characteristic  prolongation  of  muscular  contrac- 
jJKof  considerable  physiologic  interest.  Therapeutically  it  is  rarely 
11  as  a  countcrirritant  in  neuralgic  conditions,  and  as  a  parasiticide 
*9i!nst  pedicuii  capitis. 

Composition  of  Veratrin. — This  has  been  studied  especially  by  Wright  and  Lull, 
I*7H;.^n^l  Allt-n.  iSqO. 

The  priiuipjl  conslituent,  both  in  quantity  and  action,  is  the  crystalline  Cevadin 
CisHnNO*,  the  me thylcro tonic  ester  of  the  base  cevin  It  is  not  present  in  Veratrum 
'Jtym;  truces  art*  said  to  occur  in  Vertrum  viridc,  but  this  is  doubtful. 

The  second  important  alkaloid  of  "veratrin"  is  the  amorphous  Vrrairidin. 
^'rllijNOii,  the  veratric  ester  of  verin.  Thi.<  is  the  "veratrin  of  Wright  and  Luff." 
lt*«iT«:ts  agree  qualitatively  with  those  of  cevadin  (Boehra  and  Lissauer). 

The  commerciar*  veratrin  "contains  small  quantities  of  at  least  three  other  alkaloids 
^^vjdiUin.  Sabiidin,  and  Sabadinin.     All  these  arc  but  weakly  active. 

Z]r|adei]us  (Death  Camas),  Liliaccjc,  a  poison  plant  of  Western  stock-ranges,  owes 
'^  toxicity  to  veratrin  basts.  It  contains  at  least  sabadin.  sabadinin  and  veralralbin 
f^ade.  1005).     The  actions  of  the  Zygadcnus  alkaloids  have  been  studied  by  Mitchell 

.ismilh,  io»i-     A  comprehensive  literature  is  given  by  Marsh  and  Clawson,  1915. 
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Action  on  Striped  Muscle. — This  consists  in  a  characteristic  modi- 
fication of  the  muscle  substance,  so  that  it  responds  by  a  prolonged  tonic 
contraction,  even  to  a  single  stimulus. 

Phenomena  in  Iniact  Frogs.— -"When  an  animal,  and  espedally  a  &og,  has  been 
poisoned  with  veratrin,  it  shows  very  striking  peculiarities  in  its  movements.  It  can 
contract  its  muscles  with  ordinary  quickness,  but  it  can  not  recover  its  former  positioD 
for  some  little  time  (v.  Bezold,  1866). 


Fig.  31. — Normal  veratrin  curves,  showing  primary  (a )  and  secondary  (&. 

Gastrocnemii  of  different  frogs,  air  temperature,  natural  sise. 


,}  coBtnctioflf 


Form  of  the  Muscle  Curve. — The  reason  for  this  behavior  can  be  demonstrated  on 
isolated  muscle.  Frogs  are  most  convenient  for  this  purpose,  but  identical  phenomeoi 
occur  in  mammalian  muscle  (Quagiariello,  1915) :  If  a  veratrinized  muscle  is  stimulated 
with  a  single  shock,  the  ascent  of  the  muscle  curve  is  as  abrupt  as  usual,  but  the  reUn- 
tion  is  enormously  prolonged  (Fig.  3x).  The  muscle  remains  m  what  appears  to  be 
complete  tetanus,  although  it  is  really  a  single  contraction. 

The  Contracture  is  not  a  Tetanus. — If  the  nerve  of  a  normal  muscle-nerve  preparatioo 
is  laid  on  the  veratrin  muscle,  a  single  shock  sent  into  the  latter  causes  a  single  twitdt 


Fig.  33. — Effect  of  fatigue  on  veratrin  curve:  a,  normal  veratrin  tracing;  b,  after  partial  fsttp**' 

H  natural  size. 

of  the  normal  muscle,  and  not  a  tetanus  as  would  be  the  case  if  the  veratrin  musde  were 
really  tetanized  (Fick  and  Boehm,  1872). 

The  Contracture  is  Active. — The  muscle  is  able  to  sustain  a  considerable  wei^ 
throughout  its  contraction;  the  prolongation  of  the  curve  is  therefore  not  due  to  a  mcJt 
loss  of  elasticity,  but  is  an  active  process.  This  is  also  shown  by  the  fact  that  the  f<*- 
madon  of  heat  and  the  use  of  material  is  increased  (Fick  and  Boehm).  The  tenskntf 
the  height  and  quickness  of  contraction,  the  irritability,  the  lifting  and  sustaining  poirt'' 
of  the  muscle  are  all  raised  by  veratrin  (Dreser,  1890),  so  that  we  must  look  upon  it* 
action  as  an  increase  of  functional  activity.    It  also  lessens  the  cfiects  of  fatigue. 
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fnjluence  of  Conditions. — The  effect  of  veratrin  is  enhanced  by  agencies  which  stimu- 
te  the  muscle,  such  as  moderate  heat. 

It  is  dimimshcd  by  depression  of  the  muscle,  produced  by  cold  or  excessive  heat; 
y  fatigue  (Fig.  ja);  or  by  muscular  depressants,  such  as  potassium  or  ether. 

(If  the  veratrin  action  is  weak,  cold  increases  the  contracture,  probably  by  adding  its 
irn  contracture  to  that  of  the  vrratrin. — Sollmnnn.) 

Double  Peuk  Curve. — A  careful  inspection  of  veratrin-curves  generally  reveals  two 
intractions  (Fig.  21) :  a  nrimary  contraction  {a),  which  occurs  with  the  normal  rapidity, 
ui  is  scimewhat  higher  tnan  normal,  and  which  tends  to  relax  quickly;  and  a  secondary 
)ntraction  (h),  which  occurs  more  slowly  and  lasts  longer.  The  two  contractions  are 
lore  or  less  fused  (v.  Bezold),  but  the  form  varies  with  conditions  (Mostinski,  1Q04). 
^'^:^t■nd,  iS8g,  attributed  this  phenomenon  to  the  diflerent  contraction  velocity  of  the 
hitc  and  red  muscle  fibers.  Cervcilo  and  Weiss,  1899,  showed,  however,  that  uniform 
lusclefi  exhibit  the  same  phenomenon. 

BoUazzt,  1901,  suggested  that  the  veratrin  cur\'c  is  due  to  the  fusion  nf  two  contrac- 
ODs;  the  fir^t  peak  representing  the  normal  contraction  of  thf  iibrils,  and  the  further 
ortion  of  tlie  curve  the  contraction  of  the  sarcoplasmic  substance,  which  he  assumes 
as  the  properties  of  smooth  muscle.  According  to  this  the  veratrin  action  would  ron- 
ist  essentially  in  raising  the  excitability  of  the  sarcoplasmic  substance  above  the 
tirtshold.  There  is,  however,  no  direct  evidence  that  the  sarcoplasni  has  contractile 
unctions  (Mueller,  1908);  and  the  modern  theories  of  muscle  contraction  render  this 
ery  improbable.  Woebbecke,  iqi.?.  has  modified  the  theory  somewhat.  He  believes 
hat  muscle  has  two  distinct  functions,  but  that  these  are  not  specifically  connected 
•nth  the  histologic  constitucnLs.  Vcr&ar  and  Felter,  1914,  attribute  Hoc  action  to 
ncreased  sensitiveness  to  normal  stimuli. 

Vrratrin  acts  dirertly^bt  the  muscle  subsl-ance,  for  the  effects  occur  after  curare 
Prevost,  1867),  and  in  li  -  ner\'e-free  end  of  the  sartorius  muscle.  When  a  muscle  is 
■Dtncrsed  in  a  dilute  solution,  a  single  stimulus  produces  at  first  a  normal  contraction, 
hen  fibrillary  twitching  ([*amm,  1912).  The  excitability  of  curarizcd  muscle  to  direct 
Icctric  stimulation  is  not  increased;  it  is  diminished  by  large  doses  (Boehm,  1013). 
■•iKt  doses  of  veratrin,  however, /»tjrj/y:r//K*  nwl or  endings  without  previous  stimulation. 

Spontanrous  Contraction  of  Mu.utc. — The  immersion  of  a  muscle  in  veratrin  causes 
llowly  developing  contracture,  even  in  the  absence  of  extraneous  stimulation.  High 
^XKXDtTa.t\ons  paralyze  ail  forms  of  muscle  completely  (Koellicker.  1856). 

Other  Substances  Producing  Veratrin  Effects.— The  prolonged  contracture  which 
> so  characteristic  of  veratrin,  is  by  no  means  confined  to  this  alkaloid,  but  is  also  pro- 
hiced  by  iJigitatin,  ilelleborcin,  Muscarin,  Strychnin;  by  aldehyds  I  Vcrzar  and  Fclter 
;9I5j,  etc.,  by  cold,  and  by  verj'  strong  electric  stimulation.  This  wide  occurrence 
"pufies  that  the  phenomenon  is  of  fundamental  physiologic  imi»)rtaace.  These 
Masures  also  prolong  the  contraction  of  cardiac  atid  smooth  muscles. 

The  Action  of  Glycerin  on  Muscle. — The  muscles  of  frogs  poisoned  with  glycerin 
^spoad  to  single  stimuli  by  prolonged  contraction,  the  curve  having  a  superficial 
Qcinblance  to  that  of  veratrin,  but  being  rather  more  irregular.  The  glycerin  contrac- 
ioois,  however,  a  true  tetanus,  due  to  greater  irritalibity  of  the  muscle  substance;  the 
lotion-current  of  each  contraction  &u£cing  to  start  another  contraction.  The  phe- 
nomenon occurs  also  after  curaruation  (Santesson,  1903). 

Nerve  Trunks. — Direct  application  of  veratrin  lessens  their  excitability 
Boehm^  1913)- 

Circtilation. — The  effects  are  complex.  Those  on  excised  hearts 
^mble  aconite  and  dij^lalis  (slowing  with  increased  systole).  In  intact 
|nimals,  stimulation  of  the  vagus  center  (Fig.  23)  predominates  at  first 
marked  slowing);  later,  the  fall  of  pressure  from  vasomotor  paralysis 
becomes  prominent. 

UammaJian  CirculiUion. — Small  doses  sometimes  cause  primary  quickening  of  the 
■art.  With  larger  doses  (0.025-0.05  mg.  per  Kg.)  there  is  sudden  and  marked  slowing 
•ith  corresponding  fall  of  blood  pressure  (Bezold  and  Hirt,  1874;  Liaaauer,  1887; 
'ilcheT  and  Sollmann,  1915).  The  slowing  is  creatcst  soon  after  the  injection,  often 
'it})  marked  ar>'thmia  or  temporary  arrest.  This  acute  effect  is  due  to  stimulation  of 
be ^-agus center  (see,  however,  under  Vcratrum),  for  section  of  the  vagi  largely  abolishes 
,  ud  stimulation  of  the  vagus  trunk  does  not  produce  further  slowingfBusquet, 
^7).  With  divided  vagi,  large  doses  may  cause  primar\'  quickcnine  and  generally 
te  rise  of  blood  pressure  (ficzold;  PUdiet  and  SoUmaan).    The  fall  of  blood  pres- 
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sure  is  mainly  due  to  the  slowing,  although  some  fall  may  occur  independently  (Lisuuer), 
The  vasomotor  center  is  modcrutely  stimulated  by  tlic  respiratory  embarrasdmnit,  i 
even  when  the  vagi  are  cut.  The  stimulation  doc*  not  occur  if  artilicial  respiratinn  itj 
maintained  (Pilcher  and  Sollmann,  1915).    Reflex  stimulation  causes  vasoconslrivtioa, 

LaU  Effects. — The  acute  effect  soon  passes  off.  The  heart  then  beats  with  a  steady, 
moderately  slowed  rate.  This  slowing  is  not  removed  by  atropin  and  is  tbercfott 
cardiac. 

The  blood  pressure  falls  progressively,  occasionally  interrupted  by  spasmodic  nx 
from  central  vasomotor  stimulation.  The  strength  of  the  heart  is  not  impaired,  foril 
reacts  well  to  compression  of  the  aorta,  and  beats  efficiently  just  before  death.  Tbr  fall 
must  therefore  be  vasomotor;  and  accordingly,  sciatic  stimulation  or  asphyxia  faiU  to 
raise  the  pressure  (1-issauer,  1887).  The  vagus  remains  excitable.  The  cerebral  vesscii 
are  constricted  (Dixon  and  Halliburton,  tqio). 

The  isolaifd  mammalian  heart  (lledbom-Langendorff)  shows  a  primary  slowing  from 
stimulation  of  the  peripheral  vagus  mechanism;  then  irregularity,  and  finally  pajnlysi^ 
of  the  cardiac  muscle.    The  tone  i^  increased. 


Pig.  73. — Cevadin  (Vcralrin)  on  Bl'»d  prcuure;  sboonnR  the  stimuUtion  of  the  vtkgm 
Intravenous  injrctinn  of  0.02  niy.  per  Kg-  into  ancstnrtited  ilnfE;  artifidal  rrspintioa. 


Frog's  Heart. — The  effects  resemble  aconite  and  digitalis.  They  involve  mainly  U* 
ventricle  and  consist  in  slowing  (no  further  slowing  on  vagus  stimulation;  bu5qiKt«l 
1907);  prolonged  systole  and  increased  tonus;  sudden  change  in  the  rate  to  one-baaij 
"peristaltic"   contractions;  and    final   median   slanstill.     High   concentrations  ao* 

[)rompt  sj'^.tolic  standstill,  with  continued  shortening.  The  auricles  continue  muA* 
onger.  The  same  effects  occur  on  the  e-^^cised  and  perfused  heart  (Lissauer.  iW7i| 
Bochm,  1915)- 

De  Boer,  1917.  attributes  the  slowing  and  halved  rhythm  to  increase  of  the  itfrt^j 
tory  period  of  the  ventricle. 

Periphrral    Action    on    Blood-VesieU. — Vcratrin    produces   powerful    con»lTtctio'»i 
which  may  be  removed  by  atropin  or  quinin.    Since  these  antagonists  do  not  pre\t!ilj 
contracture  by  barium,  tt  has  been  concluded  that  veratrinmustacton  the  nervi 
ings  (Kondo.  iqiq). 

Collapse  Action. — The  impairment  of  circulation,  combined  with  the  emetic 
result  in  var>ing  degrees  of  collapse,  and  thereby  fall  of  temperature,  anaiogooi 
vcratrum. 

Respiration. — This  is  influenced  by  the  circulator)'  and  convulsive  actions,  and 
directly.     It  is  temporarily  arrested  during  the  acute  fall  of  blood  pressure, 
he  Hepres.'^cd  without  any  change  of  bhiod  pressure.     The  respiratory  emi 
is  generally  diminished  by  atropin  or  division  of  the  vagi  (Pilcher  and  SoUmann,i 
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tiaJ  Muscles. — These  constrict  in  intact  animals  (Dixon  and  Brodie),  but  not 
:iscd  trachea  (Trendelenburg,  191  j).  Titone,  xgi.Jt,  obwrved  that  veratrin 
ilatcd  bronchial  muscles. 

IdoDS. — These  are  commonly  present  in  mammals  and  frogs,  and  are  prob- 
llary.     Rabbits  and  guinea  pigs  show  convnilsivc  "bucking." 
bm  Functions. — These  are  scarcely  affected. 

il  Action.— Cevadin  is  a  strong  irritant,  resembling  aconite, 
to  the  skin,  it  produces  burning,  later  a  cold  sensation  and  partial 
ia,  with  reddening  and  sometimes  discrete  vesication.  On  mu- 
ibranes  it  causes  acute  catarrh — sneezing,  coryza,  gastroenteritis, 
;,  diarrhea,  etc.;  sometimes  with  corrosive  lesions.  The  vomiting, 
is  mainly  central  (Eggleston  and  Hatcher,  1915).  In  frogs, 
ttion  of  mutxis  from  the  skin  is  greatly  increased. 

itation  is  especially  strong  on  the  abraded  skin:  i:xoo.ooo  solution  produc- 
kg  and  "shooting"  pain  (Sollmann  and  Pitcher,  1016). 

ipeutic  Uses. — Veratrin  is  used  locally  as  counterirritant.  in 
Ls  and  similar  conditions,  as  2  to  4  per  cent,  ointment.     Sabadilla 

employed  against  pediculosis  capitis  (Salve,  1:4;  Decoction, 
The  irritation  is  severe,  and  absorption  has  caused  serious 
IS.     The  internal  use  of  veratrin  (against  fever),  even  in  mg. 

produced  gastroenteritis. 

ion  is  rapid;  little  is  known  about  the  excretion,  but  it  probably  occurs  by 

s  of  Poisoning  in  Man. — These  resemble  aconite  poisoning. 
consist  in:  Burning  in  mouth,  spreading  to  stomach;  increased  salivation, 
diarrhea,  abdominal  pain;  anxiety,  headache,  giddiness;  pupils  dilated;  pulse 
ccble,  later  irregular;  weakness,  twitchings  in  muscles.  Death  by  respiratory 
tory  collapse.  Consciousness  preserved  till  the  end.  Postmortem,  often 
ccchymoses. 

fatal  iio^f.s^  the  symptoms  arc  very  slow  in  disappearing,  and  a  double  case  of 
in^  by  continued  small  doses  is  on  record:     The  two  patients  became  very 
thin,  suffered  from  bloody  diarrhea,  insomnia,  disturbance  of  the  intellect, 
um. 

tcJmmt  is  the  same  as  in  aconite-poisoning.     As  the  veratrin  is  believed  to  be 
Ecretcd  through  the  urine,  it  is  well  to  administer  hot  tea  as  a  diuretic. 

PREPARATIONS — VERATRIN 

"iiw,  U.S.P. — A  mixture  of  alkaloids  obtained  from  the  seeds  of  Asagrxa 
Very  slightly  sol.  in  water  (1:1760);  freely  sol.  inalc  (1:3.8).     iLs  internal 

advisable,  but  it  has  been  given  in  doses  of  2  mg.,  }4n  gr.     Externally,  it  is 

ointments  of  ;!  to  4  per  cent.     Afaximum  dose.  5  mg.,  H'^  gr 
PatLtier. — The  flowers  of  Chr>'santhemum  Cinnerariafolium  contain  as  active 
Pyrethron  fFujitani,  ]90q),  a  neutral  N-free  syrupy  substance,  with  actions 
y  resembling  veratrin. 
w<rffj/*>.ri II. —This   is  an  N-free  neutral  principle,  isolated  by  Plugge  from 

OH  and  similar  plants.    It  seems  to  belong  to  this  group  (Mountain  Laurel- 

isoning;  Crawford,  1908). 


VERATRUM 

iTSl  Statement. — Veratrum  virlde  and  album  (Green  and  White 

re)  seem  to  be  mere  varieties  (the  green  American,  the  while 

m),  with  practically  identical  actions  and  composition  (SaLsberger, 

1).     They  owe  their  activity  mainly  to  the  alkaloid,  protoverainn. 

T  of  other  related  but  less  active  alkaloids  are  present.     There 
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are,  however,  wide  dififerences  of  opinion  as  to  the  constituents  of  Verairum 
viridc  (Cramer,  191 5). 

The  effects  of  proloveratrin,  and  therefore  of  veratrum,  are  qualita- 
tively similar  to  those  of  cevadin;  but  they  diflFcr  very  materially  in  their 
relative  significance:  The  characteristic  muscular  and  irritant  actions  nf 
cevadin  are  insignificant  in  protovcratrin.  The  most  important  effects 
of  vcratrum  arc  on  the  medulla,  and  especially  on  the  circulation,  result- 
ing in  vagus  stimulation,  slowed  pulse,  fail  of  blood  pressure,  sweating, 
"collapse-action,"  and  reduction  of  temperature.  It  is  therefore  em- 
ployed as  a  "cardiac  depressant."  Protovcratrin  is  more  toxic  than 
cevadin,  approaching  aconitin;  but  the  prompt  evacuation  of  overdose 
by  emesis  (central)  renders  vcratrum  practically  safe. 

Constituents. — The  most  important  alkaloid  of  Vcratrum  album,  although  not  the 
most  abundant  (0.03  to  0.08  per  cent.),  is  Protovcratrin,  Ci|li«iNOii.  It  occun  in  » 
cr>'stalline  and  amorphous  form  (Salzbergcr,  1890).  The  other  alkaloids  arc:  Jervin, 
o.  1  per  cent.,  weakly  active;  traces  of  Rubijervin  (almost  inactive) ;  the  inactive  pseudpjtf' 
itin  or  protoveratridin,  which  is  protjably  a  decomposition  product;  ihc  glycoMd  vera- 
trarain;  and  vcratroidin  and  vcratralbin,  which  arc  probauly  mixtures  of  amorphou 
bases  (Bull.  Am.  Pharm.  Assoc.,  ioii»  P*  16?;  Kol)crt).  Traces  of  cevadin  have 
reported  in  V.  viride,  but  are  doubtful.  * 

Black  Hellebore,  Helleborus  niRcr  is  in  no  way  related  to  the  above  vcratrum  spccitt- 
Its  active  principle.  Hellcborcin,  belongs  to  the  Digitalis  group. 

Experimental  Effects  on  Respiration  and  Circulation. — The  typical 
effects  of  intravenous  injection  of  veratrum  viride  consist  in  brief  but 
marked  depression  of  the  respiration,  slowing  of  the  pulse,  and  lowering? ol 
blood  pressure.  These  effects  are  largely  prevented  by  section  of  ^ 
vagi,  and  do  not  recur  if  further  doses  of  the  veratrum  are  injected.  THe 
repeated  injections  generally  produce  marked  rise  of  blood  pressurCi 
especially  if  the  vagi  are  intact. 

The  effects  are  probably  due  lo  protovcratrin. 

Cramer,  igi5,  believes  that  the  effccu  arc  produced  by  the  stimulation  of  tie 
afferent  vagus  endings,  producing  rellcx  inhibition  of  the  respiratory  center,  and  nnli*t* 
ing  from  there  to  stimulate  the  vasodilator  and  the  caraioinhibitory  centers;  tho« 
afferent  endings  being  then  paral>-zcd,  so  that  subsequent  injections  become  inefferttw 
Cramer's  doses  are  so  dillerent  from  those  found  necessary  by  other  invcsligatorv  t^**] 
comparison  of  the  results  is  difficult.     His  explanation  is  probably  correct  as  to  tli«j 
respiration;   but   requires  confirmation   as  lo   the   circulatory  changes.     At  prc«col 
it  is  simpler  to  suppo^  direct  stimulation  of  the  vaRUS  center,  slowmg  the  heart  nil 
and  thus  lowering  the  blood  pressure.     At  least  Pilchcr  and  Sollmann,  igi5.  did  w*! 
observe  any  significant  changes  in   the  vasomotor  center.     The  rise  of  blood  ~~^ 
sure  on  repeated  injection  is  probably  due  to  paral>'sis  of  the  cardiac  vagus  em 
resulting  from  large  doses  . 

Resf»raiioH. — Moderate  doses  of  veratrum  viride  (a.5  to  5  mg.  per  kilogram)  injrctrf 
intravenously  into  dogs  produce  brief  but  marked  slowing  or  arrest  of  the  - 
This  effect  is  generally  absent  if  the  vagi  have  been  di\*idcd,  and  may  * 
attributed  to  stimulation  of  the  afferent  vagus  endings  (Cramer,  igis;  PUchtr  ai 
m&nn.  1015).     Cramer  finds  that  this  docs  not  occur  on  repealinK  the  tnjectioQ,  tW' 
therefore  believes  that  the  stimulation  of  these  endinj^'s  is  followed  by  their  paral>'M*'j 
He  also  finds  veratrum  ineffective  after  atropin,  which  would  indicate  that  iln^ir" 
also  paralyzes  the  afferent  vagus  endings.    Very  large  doses  of  vcratrum  dcpitttl^ 
respiration  alter  any  of  these  conditions,  presumably  by  a  direct  action  on  the  respin^ 
tor>'  center. 

Modfraie  Doses  on  Mammalian  Circulation. — In  dogs  with  intact  vagi, the  intravei 
injection  of  veratrum  viride>  2.5  to  10  mg.  per  kilogram,  produce*  a  prompt  sharp 
of  blood  pressure  and  marked  slowing  of  the  heart,  witn  prompt  return  lit  nom 
The  fall  of  blood  pressure  is  due  essentially  to  the  cardiac  slowing  through  stimuUt 
of  the  vagus  center,  for  if  the  vagi  have  been  diA-idcd,  the  pressure  falls  but  ilightJj 
The  efferent  vagus  endings  are  not  stimulated.     The  vasomotor  center  is  not 
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^ut  is  sometimes  moderately  stimulated  by  the  fall  of  blood  pressure  and  cspc- 
he  respiratory  embarrassment  (Pilchcr  and  boUmann,  1915). 
Jr.,  igo6.  also  describes  moderate  fall  of  pressure  and  distinct  slou'ing,  but 
J  more  persistent.  Both  disappear  on  section  of  the  vagi.  Cramer,  1915, 
leUevc  that  the  fall  of  pre&sure  depends  cliicBy  on  the  slowing,  but  rather  on 
id;  for  he  slates  that  tne  fall  e>tartij  lirst;  that  cats  may  show  the  fall  without 
%\  that  the  fall  occurs  after  alropin;  and  that  it  is  accompanied  by  intestinal 
to.  He  confirms  that  the  depression  of  the  circulation  and  respiration  are 
by  section  of  the  vagi;  and  assumes  that  veralrum  acts  by  stimulating  the 
tpressant  vagus  endings.  The  effect  docs  not  involve  the  depressor  nerve, 
Bodilation  occurs  in  rabbits  after  section  of  the  depressor  trunks,  hut  not  after 
Fcre  divided. 

tani,  190Q,  observed  that  cpincphrin  prevents  the  fall  of  pressure  after 
iriride  (just  as  it  does  that  of  depressor  stimulation).  On  the  contrary,  three 
tally  a  rise  of  pressure. 

rf  Dosr^  on  the  Circulalhn.—The^e  produce  considerable  rise  of  pressure. 

I  the  vagi  are  intact;  less  if  they  are  divided  (Pilcber  and  Sollmann).     Wood 

;  this  occurs  also  after  cction  of  the  cord.     It  is  partly  explained  by  quickened 

from  paralysis  of  the  va^s  endings.     Cramer  obtained  no  effect  whatever 

cond  injection,  and  believes  that  the  first  dose,  after  first  stimulating, 

e  vagus  endings. 

osfj  on  tht  Cinuhtwn. — These  produce  at  first  exaggeration  of  the  vagus 
[marked  slowing,  irregularity,  arrest)  with  curre^wnding  fall  of  blood  prcs- 
is  followed  by  sudden  extreme  acceleration  and  rise  of  pressure  (partly 
partly  spasmodic).  The  rise  may  last  for  several  minutes,  and  is  succeeded 
progressive  fall  and  death.     In  roan,  excessive  doses  also  quicken  the  pulse 

t  found  the  results  inconstant;  due,  as  he  believes,  In  an  intermixture  of  the 
and  depressant  edccts  on  the  afferent  vagus  endings.  The  blood  pressure 
lecro,  remain  norma!,  or  rise;  or  follow  the  con\*ul9ive  respiration.  Tne  heart 
9e  slowed,  but  is  more  often  quickened.  The  inhibitory  vagus  endings  arc 
'    Subsequent  injections  have  but  little  effect. 

f  Actions. — Dried  vcratrum  or  protoveralrin  arc  irritant,  provoking  sneexing, 
B  solutions,  the  irritant  effects  are  very  slight.  These  have  a  marked  ancs- 
on.  lasting  forty-eijiht  hours,  on  the  cornea  (Eden). 

1  Symptoms  in  Mammals. — The  first  effects  arc  nauseant  and  emetic,  often 
I  to  obscure  other  symptoms.  Of  these,  the  respiratory  changes  are  charactcr- 
ially  in  rabbits.  They  consist  in  periodic  dyspneic  attacks,  culminating  in 
M  of  a  mcriullary  tyj>e.  The  respiratory  disturbance  is  probably  due  to  the 
fefluence  on  the  respirator>'  and  other  medullary  centers,  rirmlalory  changes 
lar  exhaustion.  In  the  intervals  the  respiration  is  regular.  Death  occurs 
ht  circulation  fairly  preserved  and  consciousness  present  to  the  end  (Eden) 

►se  Action. ^The  combination  of  the  central,  drculatorj*  and 
depression,  nausea  and  dyspnea,  results  in  more  or  less  collapse, 
the  profuse  sweating  lower  the  temperature^  proportional  to  the 
^mptoms  (Eden). 

s  of  Therapeutic  Doses  on  Man. — Collins,  1915,  1916,  has  made 
Bve  clinical  study  of  a  10  per  cent,  tincture  of  veratrum  album 
le  doses  of  x  to  2  c.c.  or  divided  doses  of  i  c.c.  every  hour,  to  a 
\  c.c.  Full  doses  produce  constantly  a  slowing  of  the  pidse  to 
per  minute  (irrespective  c»f  the  original  rale);  and  very  generally 
^stolic  and  diastolic  blood  pressure  of  about  35  mm. 
lowing  and  fall  are  profiortional  to  the  dose.  Electro-cardio- 
£>w  no  effect  (Collins  and  Hanzik,,  1918). 
ilood  flow  in  the  arm  is  markedly  lowered  by  therapeutic  doses 

.  »9i7). 

ration  is  not  disturbed.     Headache,  gastric  burning,  nausea  and 

may  set  in,  but  come  after  the  depression  of  the  circulation,  and 

fore  not  its  cause.     The  effects  last  for  several  hours.     Large 

within  half  an  hour)  may  produce  more  serious  and  lasting 
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collapse,  with  a  pulse  race  of  40  or  ^o,  suddenly  returning  to  normal  after 
eight  or  nine  hours. 

Veratrum  Poisoning. — Although  protovcratrin  is  very  highly  Uixic,  vcralrum 
vomited  so  promptly  that  death  is  rare  even  with  large  doaes  (Wood).     It  has,  howcve 
been  reported  after  i  to  2  Cm.  of  the  p«>wdcrcd  While  Hellebore  (which  is  used  lu 
powder),  and  in  enfeebled  patients  from  a  teaspoon  of  the  Tincture. 

Symptoms. — Thenar  consist  in  burning,  vomiting  and  diarrhea,  dy^hagia,  col 
paral>'sis  or  light  convulsions. 

Treatment. — The  stomach  should  be  emptied  by  warm  water  or  lavage,  and 
collapse  treated  along  the  usual  lines. 

Therapeutic  Uses. — Veratrum  is  probably  the  most  active  and  re- 
liable iurJiac  depressant,  and  was  formerly  much  used  to  slow  and  soften 
the  pulse,  and  lower  the  blood  pressure,  especially  in  eclampsia  and  other 
conditions  of  high  blood  pressure.  Pesci,  1906,/.!.,  claims  that  it  lower 
the  blood  pressure  by  7  to  50  mm.,  slows  the  pulse,  increases  diuresia 
and  lessens  uremia.  Haul  tain,  191 4,  makes  similar  claims.  It  ^"iS] 
used  for  the  same  purposes,  and  to  lower  the  temperature,  in  the  carl] 
stages  of  sthenic  fevers  (pneumonia)  and  other  acute  infections.  The 
effects  are  probably  mainly  due  to  the  cardiac  slowing  from  vagus  stimu- 
lation and  to  the  nausea.  Veratrum  with  other  cardiac  dcpressanii 
has  rather  gone  out  of  fashion — perhaps  undeser\'edly.  It  is  contra- 
indicaied  in  asthenic  conditions  (cardiac  weakness,  general  debilii}'. 
typhoid,  etc.). 

Response  in  Patholof^k  Condilhns. — Collios,  1916,  observed  the  most  marked  effects 
in  cases  of  hypertonus.  the  systolic  pressure  falling  more  than  the  diastolic.  Littk  " 
no  response  was  obtained  in  arteriosclerosis,  paroxysmal  tachycardia,  or  heartbloci 

DiurctU  Action. — This  is  not  produced  in  animals  (Cramer.  1915).  If  it  occnrt 
in  eclampsia,  as  cloimcd.  it  is  probably  due  to  the  correction  of  the  circuUlwr| 
abnormalities. 

Administratioo. — Veratrum  is  best  given  in  repeated  doses — i  c.c,  15  minims,  of  ttel 
Tincture  (I'.S.P. )  every  half  hour  or  hour — till  the  skin  becomes  moist,  the  pulscSonfj 
and  slight  nausea  is  present.    It  may  then  be  stopped. 

The  desirable  range  is  3  to  4  c.c.  (Collins  and  Han2lik,  igi8).  Caution  is  occctftfT  I 
If  a  total  of  4c  .c.  is  exceeded.  If  vomiting  should  api>ear  l>efore  the  other  effects,  5  to  W 
drops  of  Tr.  Opii  are  administered  with  each  dose  of  veratrum.  Repetition  of  the  (k»i?' 
does  not  inhibit  the  action  (as  occurs  with  intravenous  injections  in  animals! . 

Bio-assay. ^Commercial  preparations  vary  considerably  in  activity.     As  the 
contains  a  number  of  active  principles,  its  cfliciency  cannot  be  estimated  by  alki 
assay.     The  determination  of  the  minimum  fatal  dose  for  frogs  or  guinea-pigs 
convenient  method.     It  averages  about  2.3  mg.  of  drug  per  Gm.  of  frog,  and  0-24  nC-i 
per  Gm.  of  guinea-pig.     (Pilcber,  iqi?)' 


PROTOVERATRTO 

The  eflects,  as  described  by  Eden,  1S92,  are  similar  to  veratrum,  the  reported  diff^- 
cnccs  being  perhaps  explainable  by  dosage  and  interpretation.  In  mammals,  ro«ief>"i 
doses  by  vein  produce  temporar)*  fall  of  pressure,  atiscnt  if  the  vagi  were  cut.  £*"»] 
attributes  this  to  reflex  depressor  stimulation,  but  vagus  stimulation  is  a  more  proUbtc] 
explanation.  This  action  is  short,  the  pressure  rising  rather  suddenly  40  to  50  mffl- 
abovc  normal,  with  increase  of  pulse  rate,  and  incxcitability  of  the  vugus.  The 
is  probably  due  to  vagus  paralysis.  This  is  alsoof  short  duration.  With  repeated] 
lions,  the  vagus  paralysis  becomes  permanent,  and  the  primary  fall  of  pressure  isi " 
there  being  instead  a  small  rise.  Toxic  doies  produce  cardiac  ar>'lhmiii,  «ith 
of  stoppage  and  corresponding  changes  of  blood  pressure.  The  rate  in  the  iril< 
is  at  first  rapid,  then  falls  with  the  blood  pressure.  The  vasomotor  center  bctviw" 
paralyzt^d. 

Frog's  Heart. — The  effect*  arc  mainly  depressant:  the  systoles  are  somewhat 
longed,  but  the  tone  is  scarcely  increased.  Soon  the  ventricular  rate  is  reduced  to 
as  with  cevadin.  aconite  or  digitalis;  but  this  is  interrupted  by  short  perirnis  of 
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'of  the  ventricle  or  auricles,  apparently  due  to  exhaustion  of  the  muscle,  Finally 
clwrart  stops  in  diastole,  \vith  relatively  small  doses  (Boehm,  1913). 
Motor  System. — In  frogs  poisoned  by  protovcratrin,  the  reflexes  disappear  early, 
lis  paralysis  is  largely  cfntral,  for  it  occurs  also  if  the  poison  is  excluded  from  the  mus- 
fl  by  ligature.  However,  there  arc  also  peripheral  effects:  the  mus-cles  may  respond 
rmally  to  a  single  stimulus  or  contract  even  somewhat  more  quickly  and  efficiently; 
t  they  fatigue  very  rapidly  (Eden,  1S93).  The  prolonged  contmction  characterisltc 
oevadin  is  indicated  very  faintly,  if  at  all,  under  ordinary  conditions;  but  it  may  be 
ited  in  excised  muscles  if  precautions  are  taken  against  fatigtie  (Kochm,  1913). 
c  nerve  trunks  are  paralyzca  only  by  concentrated  solutions;  the  negative  variation 
aid  to  be  prolongea. 

JERVm 

The  edectA  also  resemble  veratnim,  but  the  quantity  of  this  alkaloid  in  the  drug 
OQ  soudl  to  have  any  noticeable  effect  on  circulation  (Wood,  Tr  ,  1906).  With  effcr- 
c  doses,  the  heart  rate  is  first  slowed  then  rapid.  The  blood  pressure  falls  progres- 
e^,  presumably  by  depression  of  the  cardiac  muscle  and  vasomotor  center.  The 
piration  fails  simultaneously  (Wood,  1874). 
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food,  1874,  found  that  "veratroidin,"  which  wift  probably  an  impure  rubijcrvin, 
*d  mainly  on  the  respiratory  center,  with  some  cardiac  depression.  Its  quantity  is 
0  too  sma.ll  to  be  important. 


PREPARATIONS — ^N^ERATRUM 

Veratrum  Viride^  U.S.P.  (Green  Hellebore,  American  Hellebore). — The  dried  rhizome 
d  roots  of  Veratrum  viridc.    DosCy  0.06  Gm.,  i  gr-^  U.S.P. 

Vrroirum  Album,  U.S.P.  (White  Hellebore). — This  is  probably  a  mere  variety  of  the 
rtDcr,  growing  in  Europe.     It  is  used  in  the  same  doses. 

FUexi.  Vcrat.  Vir.,  V.S.V.—Dose,  o.i  c.c,  i^^  minims,  U.S.P. 
*Tindura  Vcratri  Viridis  (Tr.  Verat.  Vir.),  U.S.P. — 10  per  cent.     /)««,  0.5  c.c,  8 
mims,  U.S.P.     Till   iqoo,  the  Tincture  was  of  40  per  cent,  strength.     Norwood's 

rwas  supposed  to  be  a  saturated  solution  of  the  fresh  root. 
COLCmCUM 

Colchicum  (Meadow  Saffron),  and  its  active  alkaloid  Colchicin,  are 
dieved  10  have  a  specific  effect  on  acute  attacks  of  gout.  Their  use  is 
lapiric  and  has  no  pharmacologic  explanation.  Toxic  doses  produce  a 
taracteristic  late  gastro-intestinal  irritation,  even  on  hyp>odermic  ad- 
unistration.  The  action  is  probably  due  to  conversion  into  oxydi- 
)tchidn.  The  vomiting,  purging,  and  intestinal  congestion  may  be  so 
iolent  as  to  lead  to  fatal  collapse,  so  that  the  plant  (all  parts)  is  of 
>«cologic  importance.  The  other  actions  are  relatively  insignificant, 
ut  are  related  to  aconitin. 


THERAPEUTIC  USE  IN  GOUT 

Colchicum  is  credited  with  prompt  effects  on  acute  gouty  attacks; 
ilieving  the  pain  in  one  or  two  hours,  the  heat  and  swelling  subsiding 
ton  after,  and  the  attack  ending  in  a  few  days  instead  of  weeks.  It  must 
I  used  early  and  rather  freely.  It  does  not  prevent  recurrence,  soon 
ses  its  efBciency,  and  is  often  unsuccessful;  so  that  many  clinicians  are 
together  skeptical. 

B&torical. — The  toxic  properties  of  colchicum  arc  mentioned  by  Dioscorides;  it 
I  used  against  gout  or  rheumatism  by  the  Arabian  school  (sixteenth  century),  and 
n  then  in  domestic  practice;  but  was  abandoned  in  regular  practice  on  account  of 
>iaoDoo»  <tction,  till  it  was  reintroduced  by  Stoerck,  ly&i- 
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Attempted  Explanations  of  Its  Use  in  Gout — These  are  all  unsatisfactory.    It 
no  dc&ntte  effect  on  the  elimination  of  urine,  uric  acid  or  urea.     The  purgation  may 
contribute  to  the  relief;  but  it  is  not  es&ential  and  other  purgatives  lack  the  spmal 
effect.    The  changes  in  the  leucocytes  have  recently  been  invoked,  but  are  not  conviadfl 
ing.     Circulatory  and  analgesic  actions  are  also  unsatisfactory  suggestions,  since  tb^| 
have  not  been  demonstrated  directly,  and  since  colchicum  has  no  efed  on  other  inliam- 
matioHS,  or  on  acute  or  chronic  rhcumatk  pain,  neuralgia,  etc. 

The  weakness  of  the  pharmacologic  explanations  is  reflected  in  the  references  of  S. 
Loewe,  lo^o. 

Metabolism. — The  «r/«f  secretion  is  something  slightly  increased,  sometimes  greatly  — 
diminished,  probably  dcp{*nding  on  the  catharsis.     The  statements  as  touric  Acid  aoM 
urea  (c.  g.,  Noel  Palon,  1B86;  Maurel  and  Arnaud,  1910;  Abl.ioi.?)  aresocontradittoryS 
that  they  can  have  little  importance.     With  the  modern  methods,  Denis,  igi5,  fouod 
neither  increased  elimination  of  urates  in  the  urine,  nor  diminished  concentration  ih 
the  blood.     The  W/^  flow  is  slightly  increased  (Kionka,  1906).     For  about  an  hour  after 
administration,  the  leucocytes  in  the  blood  are  decreased;  this  is  followed  by  aremarbblf 
increase,  especially  of  the  polymorphous,  which  reach  two  to  five  times  the  nonnalio 
twelve  hours  fDixon  and  Maiden,  1908.) 


Administration. — Tincture  or  Wine  of  Colchicum  Seed  or  Corm.  have 
been  given  in  divided  doses,  0.5  c.c,  8  minims,  every  three  hours  (advan- 
tageously with  an  equal  quantity  of  magnesium  carbonate  or  sodium 
salicylate),  until  a  therapeutic  response  or  slight  gaslro-intestinal  dis- 
turbance and  weakness  occur.  Some  disturbance  of  digestion  and  soft 
stools  are  the  rule;  and  in  susceptible  patients  there  may  be  considerable 
purging  and  fainlness.  This  may  be  lessened  by  atropin,  but  if  possible 
should  be  avoided  by  proper  dosage.  A  single  large  dose,  2  to  5  cc, 
J-'2  to  13  of  tincture,  acts  more  promptly,  but  may  cause  severe  nausta. 
diarrhea  and  great  muscular  weakness.  Prolonged  administration  b 
generally  harmful  and  therefore  inadWsable.  Colchicine  which  is  readily 
obtainable,  permits  more  definite  dosage.  It  may  be  given,  0.5  to  i  mp- 
}i2o  to  *60  gr.,  three  times  daily,  for  one  or  at  most  two  days.  This 
usually  causes  considerable  diarrhea,  beginning  on  the  second  day,  and 
with  its  appearance  the  drug  should  be  discontinued.  The  stools  will 
remain  loose  for  another  dav. 


COLCHICUM  POISONING 

Symptoms. — These  set  in  only  after  three  to  six  hours,  even  with  large  doses.  Thej 
begin  with  abdominal  discomfort,  followed  by  violent  and  uncontrollable  vomiting*'^ 
purging  and  great  prostration.  The  stools  arc  at  first  normal,  but  become  dy«ntcric 
and  bloody.  They  arc  not  especially  painful  but  exhausting;  so  that  the  patient  p»s«i 
into  collapse,  with  the  nervous  and  muscular  symptoms  of  cholera.  Death  otcui^  " 
seven  to  thirty-six  hours  from  exhaustion,  consciousness  being  preserved  to  thecml 

The  fatal  dose  varies;  V2  ounce  of  the  Tincture  has  been  fatal.  This  wouW  con** 
spond  to  aliout  S  mg.  of  colchicin;  but  recovery  has  occurred  from  much  larger  do** 
presumably  with  imperfect  absorption.  ^ 

Treatment — This  involves  evacuation  by  emesis  and  catharsis,  if  necessary. A^" 
diuresis.  Tannin  is  a  chemic  antidote,  but  not  very  eflectivc.  Opium  and  beUid«* 
are  given  against  the  gastroenteritis,  and  the  collapse  is  treated  as  usual- 

Autopsy  reveals  intense  and  often  hemorrhagic  congestion  of  the  intestines,  espea*WJ 
the  lower  portion. 

Gastro -intestinal  Irritation. — The  mechanism  of  the  intense  congestion  and  ^*iolc°' 
peristalsis  has  been  variously  explained.     They  occur  even  on  parenteral   • '-"l"'-!^-' 
tion,  but  this  has  no  speda!  significance,  since  the  colchicin  is  excreted  in: 
tines  (Speyer,  1S70;  Laborde  and  Houde,  1887).     The  action  is  not  dir^ 
muscle  or  its  inner\'ation,  for  excised  intestine  is  depressed  in  tone  and  1 
colchidn  or  oxydicolchicin  (Fuchnerand  Rehbcin.  7Q15).    Roosbach,  iS;- 
themotorresponse  to  the  intestinal  vagus  or  splanchnic  is  not  aflccled.     The  pcisiiunv* 
of  vagus  response  has  been  confirmed  by  Feuhncr  and  Rehbein.     Jacobj.  1890,  co6* 
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ducted  experiments  with  intestine?;  exposed  under  a  saline  bath.  These  showed  increa- 
fwrisulsis  of  a  normal  type,  inhibited  by  atropin.  He  concluded  that  the  action 
ctiQiists  in  enormously  heightened  response  to  the  normal  peristaltic  stimuli.  Dixon  and 
Maiden,  1908,  also  described  immediate  peristalsi:*,  which  was  arrested  by  atropin,  and 
ffliicb  they  therefore  attributed  to  parasympathetic  stimulation.  Fuchnerand  Kchbein, 
1915.  repeated  these  experiments,  but  failed  to  confirm  the  results.  Increased  peri- 
stalsis occurred  only  exceptionally.  It  appears  therefore  that  the  peristaltic  inrrcase 
observed  by  Jacobj  and  Dwon  was  accidental,  due  to  causesothcr  than  the  cochicum. 

Fuchner  and  Rehbein  refer  the  entire  action  to  an  irritative  capillary  vasodilation 
loalogotis  to  the  local  actions  elsewhere,  and  produced  by  contact  with  the  drug,  rcach- 
ag  the  intestine  directly  or  by  excretion.  They  find  this  hyperemia  of  the  stomach 
lod  intestines  even  with  small  doses. 

Local  Action. — Strong  solutions  applied  locally  to  the  conjunctiva  or  subcutaneous 
:i«ue,  produce  h>'peremia,  irritation  and  anesthesia. 

Central  Nervous  System. — This  is  gradually  paralyzed  from  below  upward,  partly 
lireclly  anrf  partly  by  the  rollnpsc- 

If 0  appreciable  direct  effect  is  exerted  on  the  circulation  (therapeutically,  it  is  some- 
what slowed  by  the  relief  of  the  symptoms) ;  nor  on  the  glands,  striped  muscles,  or  motor 
serves  (Rossbach;  Dixon  and  Maiden). 

Explanation  of  the  Delayed  Action. — The  long  period  before  the  symptom.^  appear 
an  not  be  materially  shfirtened  by  increasing  the  dose  (SchorfT  and  Rossbach,  iSgft), 
ar  by  intravenous  injection.  Colchicin  itself  has  relatively  little  effect  on  frogs;  but 
its  toxicity  for  these  can  be  increased  50  limes  by  raising  the  temperature  to  37°C. 
(^nno,  iQu).  The  reason  for  this  is.  according  to  Jacobj,  iRgo,  that  it  is  not  the 
lolchidn  itseU  which  produces  the  sjonptoms,  but  an  oxidation  product — oxy-<li-colchi- 
rin — which  is  formeu  from  it  in  the  mammalian  organism — even  by  circulating  it 
through  excised  organs — but  does  not  seem  to  he  finable  of  formation  in  the  frog's  at  a 
low  tcmpcralure.  Once  formed,  whether  in  the  above  manner  or  artificially  by  the 
ictinn  o\  ozone,  it  is  toxic  to  frogs  also. 

-The  toxicity  for  mice  or  heated  frogs  may  be  used  (Fuehner,  i^ro). 


^Hwsay. 

^^hc  struct 


COLCHICIN  DERIVATIVES 


structure  of  colchicin  has  been  established  by  Zeisel.  1888,  and  Windaus  (Fueh- 
^,  igij).  By  treatmentr  with  acldts,  a  mcth)-!  group  is  easily  split  off  as  meLhy  alcohol 
Uid  replaced  by  UH,  yielding  coUfUuin,  7"hjs  and  various  other  derivatives  have  been 
studied  phurmacolrtgically  by  Fuehncr,  19x3.  The  relative  toxicity  for  various  animals 
Amjoteiesting  differences. 


PR  EPAR  ATIONS — COLCHICUM 


kkici  Cormui,  U.S.P.,  B.P.;  Colchicum  Corm  CRoot).— The  dried  corm  of  ColcU- 
tma  autumnale  (yielding  not  less  than  0.35  per  cent,  of  colchicin,  U.S.P.).  Dose,  0.25 
Gm.,  4gr,,  U.S.P. 

Ext.  Cotch.  Corm.,  U.S.P. — A  powdered  extract,  i  Gm.  representing  4  Gm.  of  drug, 
^«bout  1.35  per  cent,  of  colchicin.  Doxf^  0.06  Gm.,  1  gr.,  U.S.P. 

Ext.  Colck.y  B.P. — The  juice  expressed  from  the  corm  and  evaporated  to  a  soft 
«lract.    Dose,  16  to  60  mg.,  \i  to  i  gr.,  B.P. 

Vin.  Colch.j  B.P.;  Wine  of  Colchicum. — ao  per  cent,  of  corm.  Dose,  0.6  to  1.8  cc, 
10  to  jo  minims,  B.P. 

Co/rAid  Srmrn,  U.S.P.;  Colckui  Semin^,  B.P.;  Colchicum  Seed.  The  dried  ripe 
**«!  of  Colchicum  autumnale  (yielding  not  less  than  0.45  per  cent,  of  colchicin,  U.S.P.). 
1^0.2  Gm..  igr.,  U.S.P. 

PUexi,  C'olch.  Scm.  V.SV.—Dose  o.i  cc,  3  minims,  U.S.P. 

*Tin(tufa  Cokhid  Seminis  (Tr.  Colch.  Sem.),  U.S.P.;  Tr.  Cokh,,  B.P.;  Tincture  of 
(Colchicum  (Seed). — 10  per  cent.  Dos<-j  2  c.c,  30  minims,  U.S.P.;  0.3  to  1  ex.,  5  to  15 
oiiaims.  B.P.    Maximum  does,  2  c.c,  30  minims. 

Ct^kidna,  U.S.P.;  C;iHnNO«. — Pale  yellow  amorphous  scales  or  pale  ycUow  amor- 
phous powder,  turning  darker  on  exposure  to  light;  odorless  or  nearly  so.  Sol.  in  water 
ii:**);  freely  sol,  in  ale.     Dose,  0.5  mg.,  J120  ST-f  U.S.P. 
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APOMORPHIN 

General  Statement—Apomorphin  is  an  ariiJkial  alkaloid,  formed  bjr 
dehydrating  morphin  through  the  action  of  concentrated  mineral  acids: 

Ci7H„NOj,-H,0  =  C|7H|7N02 

Morphin  Apomorpbin 

This  causes  profound  changes  m  both  the  structure  and  actions. 
The  peculiar  narcotic  effect  of  morphin  is  almost  completely  lost.  la 
its  place  there  appears  an  excitant  effect  on  the  nervous  centers.  In' 
therapeutic  doses,  this  is  confined  to  the  vomiting  center,  apomorphia 
being  the  preeminent  centrally  acting  emetic,  useful  especially  for  hyp^^- 
dermic  administration,  in  poisoning,  etc.     It  is  not  so  useful  as  a  nauseant. 

The  emesis  is  accompanied  by  the  usual  side  effects  of  vomiting.  U 
often  causes  considerable  general  depression,  and  sometimes  dangerous 
cardiac  depression. 

Smaller  doses  produce  a  prompt  hypnotic  effect  under  certain  comli- 
tions  (acute  alcoholism). 

Larger  doses  produce  excitement,  convulsions,  and  death  by  asphyxi*. 

On  direct  application  it  paralyzes  the  heart  and  skeletal  muscles. 

THE  EMETIC  ACTION  OF  APOMORPHIN  IS  CENTRAL 

The  specific  emetic  action  of  apomorphin  was  announced  by  Gee 
i86q,  in  the  same  year  as  the  discovery  of  the  substance  by  Matthicson 
and  Wright.  The  emesis  is  produced  by  ver>'  small  doses  and  is  very 
prompt,  with  but  little  preliminary  nausea.  The  fact  that  there  is  no 
evidence  of  gastric  irritation  (Gee,  1869),  and  that  apomorphin  b  more 
effective  hypodermically  than  by  mouth  (Siebert,  1871)  suggested  strongly 
that  its  emetic  action  is  not  a  refle.x  from  irritation  of  the  phar^Tigeal  or 
gastric  mucosa,  as  is  the  action  of  most  emetics;  but  that  the  apomorphin 
emesis  must  result  from  a  central  action,  a  direct  stimulation  of  the 
hypothetical  vomiting  center  in  the  medulla.  Other  evidence  also  tended 
stronglv  to  the  same  conclusion.  The  absolute  proof  has  been  brought  by 
Eggleston  and  Hatcher,  IQ12,  who  found  that  the  typical  phenomena  of 
vomiting  could  be  produced  by  the  injection  of  ajx)morphin  into  animals 
from  which  the  whole  alimentary  canal  had  been  removed,  from  the  canii» 
to  the  anus.  These  eviscerated  animals  show  the  retching,  the  vomiting 
movements,  and  the  ejcpulsion  of  mucus  from  the  mouth  and  esophagus- 
Direct  application  of  the  apomorphia  to  the  esophagus  or  pharynx  doe^ 
not  produce  vomiting. 

OTHER  EVIDENCE  THAT  EMESIS  IS  CENTRAL 

Absence  of  Irritant  Action. — Siebert,  1871,  gave  daily  emetic  doses  of  apomoiphi" 
to  dogs  for  ^\x  weeks,  and  found  no  signs  of  any  inflammation  at  autopsy.  Kcifoc^< 
1879,  showed  that  sotutious  do  not  produce  irritation  even  on  the  senstlive  conjuncth^ 

Greater  EfBciency  on  Hjrpodennic  Adzninistration. — Sicbert  and  all  sub^qucnl 
workers  showed  that  administration  by  mouth  requires  larger  dose*,  and  a  longer  tinieW 
produce  vomiting.  Eggleston  and  Hatcher  found  that  dogs  require  by  vein  only  hiJ 
of  the  oral  dose,  and  \'omiting  occurs  in  one-hnlf  the  lime.  The  effective  daws*'' 
(milligmms  per  kilo):  by  mouth,  5.7  in  four  to  ten  minutes:  h>'podermic,  0.3  in  iwoaiw 
one-half  to  ten  minutes;  intramuscular,  0.05  to  0.075  i"  three  to  se\*en  mim:-'^ 
intravenous  (without  anesthesia),  0.05. 

Division  of  Both  Vagi. — These  constitute  the  sole  afferent  paths  for  the  rel\ri  '■*' 
local  emetics  (Opcnchowski,  i88q).     With  locally  acting  emetics  therefore  vomitiH 


i 


APOMORPHIN 


521 


both  vagi  arc  divided,  but  this  docs  not  prevent  the  apomorphin  ctnesis 
Lamack.  and  others;  the  contrary  results  of  some  invchtigationb  an-  explained 
teatal  errors, /.>'.  ronstrained  positiona  of  animaU).  The  splanchnics  do  not 
Hy  fibers. 

rpllin  is  Not  Reexcreted  into  Stomach. — Many  locally  acting  emetics  pro- 
ting  even  when  injected  hypodcrmically  or  intravenously,  by  being  excreted 
liva  or  stomach,  and  there  producing  the  local  action,  although  this  naturally 
Tffer  doses  than  oral  administmtion  (Tartar  emetic,  etc.;  Kleimann  and 
sen,  1872).  Rcichert  believed  that  apomorphin  is  also  reexcreted;  but  this 
be  confirmed  b\-  subsequent  workers,  and  has  been  disproved  by  U^ggleston 
er. 

lents  of  Stomach  in  Emesis. — This  has  been  invcsligatcd  in  cats  by  the  X-ray 
lannon.  iHy8).  The  same  events,  follow  ajwrnorphin  and  mu.sturd;  the  first 
Uil  inhibition  of  the  tone  of  the  cardial  portion,  which  becomes  a  Haccid  bag. 
c  end  is  shut  off  by  a  deep  contraction  ring.  The  contents  are  then  exnell^ 
contraction  of  the  diajmragm  and  abdominal  muscles.  As  the  expulsions 
d,  the  gastric  walls  tighten  around  the  remaining  contents. 
0%  Stomach  by  Pig's  Bladder. — Magcndic  found  apomorphin  effective  under 
bn  (Magnus).  This  would  not  exclude  the  [>ossibi!ity  of  mtestinal  irritation. 
application  to  the  Vomiting  Center. — Thumas,  liigi.  found  that  the  applica- 
morphin  to  a  limited  a/ea  of  the  medulla  produces  vomiting. 
a  of  the  Vomiting  Center. — Openchowski.  i8Sq,  believes  that  the  center 
Imulattd  by  apomorphin  lies  in  the  corpora  quadrigemina,  and  that  Thumas 
merely  the  efferent  fibers  on  their  way  to  the  splanchnics.  He  also  believes 
ladrigemina  are  not  concerned  in  reflex  vomiting.  The  nature  of  the  central 
B  of  the  vomiting  reflex  is  too  obscure  for  further  discussion. 
nents  of  Excised  Stomach. — Schultz  1886,  found  that  apomorphin  and  other 
oduce  strong  reversed  peristalsis  in  excised  stomach;  but  Batelli,  i8q6, 
ime  movements  without  giving  any  drugs,  and  they  may  be  attributed  to 

lAtioa  oi  Pharyngeal  Region. — ^Valenti,  iqii,  asserts  that  cmesis,  by  apo- 
i  well  as  by  local  agents,  is  prevented  by  cocainizing  a  certain  pharyngeal 
controls  the  cardial  sphincter.  He  suggests  that  apomorphin  increases  the 
'  of  the  center  so  that  it  responds  by  vomiting  even  to  the  normal  impulses 
aale  from  this  phar>'ngeal  region.  However,  this  may  merely  mean  that  the 
yf  the  cardial  sphincter,  which  is  controlled  from  this  region,  is  indispensable 
i\  cmcsis  (MclUngcr,  Opcnschowski,  Cannon).  Magnus,  t9i4,  discredits  the 
f  a  pharyngeal  vomilinjj;  center. 

Ability  of  Difierent  Animals  to  Emetic  Action. — Animals  which  are  incapable 
f  (rabbit,  rat,  guinea  pig,  horse,  cattle,  etc.)  do  not  do  so  under  apomorphin; 
unimals  which  vomit  more  or  less  readily  in  response  to  local  irritants,  are 
Itely  insusceptible  f pigs,  birds,  frog)  or  relatively  insusceptible  to  apomorphin 
[  cat  requires  about  50  times  more  per  body-weight,  nypodermically,  than 
Man  and  dog  are  the  most  susceptible.  Continued  admmistration  docs  not 
jlerance  (Siebert).  Insusceptibility  to  the  emetic  actions  does  not  imply 
[the  other  central  actions  of  apomorphin,  in  which  all  animals  are  susceptible, 
trant  Stage. — Excessive  doses  of  apomorphin  arc  not  as  effective  as  moderate 
t>ducing  cmesis,  and  may  render  the  animal  completely  recalcitrant  to  the 
on  (Reichert,  Eggleslon  and  Hatcher). 

etic  Drugs. — Apomorphin  vomiting  is  not  affected  by  local  sedatives  (bis- 
,  but  is  prevented  by  narcotics.  With  chloroform  and  chloral,  full  narcotic 
eeded;  but  with  morphin  and  its  esters,  very  small,  non-narcotic  doses  suffice, 
is  ineffective  (Ruth,  IQ13);  also  atropin. 

lentrol  Actions. — If  apomorphin  is  given  in  larger  doses  it  produces  a  series  of 
Eccts.  especially  in  animals  which  do  not  vomit  (Harnack,  1874).  At  first 
!at  restlessness,  gnawing,  excitement  and  terror.  These  are  perhaps  due  to 
and  to  the  unaccustomed  sensations.  The  gnawing  is  not  seen  with  rabbits, 
I  the  hemispheres  have  been  removed,  so  that  it  must  be  of  cerebral  origin 
915).  The  respirations  are  quickened  (even  under  chloral  narcosis),  but 
Lpomoq)hin  also  disturbs  heat  regulation,  so  that  animals  do  not  respond  to 
siypnea  and  shivering  (Magne,  1914).  With  larger  doses  (larger  tnan  are 
In  man),  there  are  ataxia  and  then  violent  irregular  convulsions.  These 
Ith  respiration,  and  the  animal  dies  in  asphyxia.  Death  occurs  also  if  the 
t  are  suppressed  by  chloral,  but  then  requires  a  dosage  twenty  times  as  high. 
bit  the  same  phenomena.  Hattori,  igio,  finds  that  the  reflexes  from  the 
'  brain  are  increased. 


552 


MANUAL    OF   PHARMACOLOGY 


Local  Application. — Harnnck.  1^74,  showed  thnf  thi?.  paralyzes  cardiar  and  skeletal 
muscles  in  Uo^s. 

Hypnotic  Action  of  Apomorphin  and  Use  in  Acute  Alcoholism  and  Hysteria. — C.  J. 
Douglas,  iSgg,  claimed  thai  apomorphin,  in  small,  non-emeiic  do5^s  (3  mg.),  acta  ULj 
safe  and  certain  hypnotic,  effettivc  even  in  delirium;  natural  and  refreshing  sleep  occuTrj 
ring  usually  in  five  to  twenty-five  minutes.     Coleman  and  Polk,  1902,  experimenting od^ 
an  extensive  series  of  acute  alcoholic  patients,  confirmed  the  claim.     They  employed 
hypodermic  doses  of  z  to  6  mg.    Other  observers  (Rosebrugh,  IQ08)  report  similitf 
results;  the  tendency,  however,  has  been  to  use  doses  (5  mg.)  whicli  produce  an  emrlic 
action  fRosenwasser,  i<)oy).    This  perhaps  aids  the  therapeutic  eflFert  by  breaking  into 
the  fixed  ideas  of  such  patients.     The  sleep  occurs  in  a  few  minutes  after  emesis.    0)^0- 
dormic  adrainistraliori  secures  by  far  the  bcvl  results. 

Velocity  of  Action. — In  man^  the  hypodermic  injection  of  5  to  10  mg.' 
0J*2  ^o  'e  gr-)  ^^  apomorphin  produces  severe  nausea  and  vomiting 
within  ten  or  fifteen  minutes,  generally  without  other  effects.  By  mouth, 
twice  this  dose  is  uncertain.  The  emesis  may  be  repeated  several  limes. 
The  nausea  is  intense  and  is  apt  to  persist  longer  than  with  the  reflex 
emetics,  since  the  apomorphin  is  not  removed. 

PHENOMENA  OF  NAUSEA 

These  are  common  to  all  emetics.  They  consist  in  a  feeling  of  sickness, 
lassitude  and  weakness;  pale  skin;  increased  secretion  of  sweat,  saliva, 
mucus  and  tears;  sensation  of  excessive  heat;  increase  of  respiration  and 
pulse  rate;  fall  of  blood  pressure.  Dtirin^  the  emesis  proper ^  the  contrac- 
tion of  the  abdomen  will  raise  the  blood  pressure  temporarily — a  fact 
which  conlraindicates  emesis  in  apoplectic  patients,  etc. 

Circulation  and  Respiration  in  Nausea  and  Vomiting. — Traubc,  1867,  described  on 
initial  fall  of  pressure,  with  slow  vagus  putsc,  succeeded  by  quickened  pube  toward  the 
end  of  the  emetic  action.  The  details  have  been  studied  by  Brooks  and  Luckhirit, 
191^,  on  unanesthetized  animals.    Their  results  were  confirmed  by  Miller.  1915. 

They  found  emesis  accompanied  by  marked  disturbances  of  the  circulation  and  res- 
piration. There  is  sometimes  a  periwl  of  elevated  pressure;  but  commonly,  at  the 
moment  of  emesis,  the  heart  is  inhibited,  wiih  sudden  severe  fall  of  blood  presB^ 
This  is  interrupted  by  periods  of  great  oscillations.  These  great  and  sudden  ch>ogc» 
may  rupture  bfood  vessels,  which  would  resist  more  radual  changes  of  equal  degree. 

The  changes  are  sontewiuit  dijffreru  in  the  two  types  of  vomiiing. 

Rapid  projectile  type,  with  short  nausea:  During  the  nausea,  the  blood  pressure 
is  sh'ghtly  raised,  the  pulse  rate  increased,  its  amplitude  diminished,  touring  the  vom'^* 
ing,  the  pressure  falls  sharply  with  practically  complete  arrest  of  the  heart,  or  xrythjai*- 
The  respiration  is  suspcncfed.  Micr  the  expulsion,  rapid  recover}'  occurs  to  normal- 
Slow,  labored  type,  with  more  marked  nausea,  etc.:  During  the  nausea,  theff  " 
deep  breathing  and  salivation.  Dunng  violent  retching,  the  blood  pressure  and  the  is- 
traUioracic  pressure  oscillate  preally.  The  pulse  is  slow  and  irregular.  During  ^ 
vomiting,  the  changes  arc  as  described. 

The  slowing  and  fall  of  blood  pressure  are  due  to  inhibiting  vagus  stimulation,  «oct 
Ihcy  are  prevented  by  atropin.  The  oscillations  arc  indirect  results  of  the  muscuU' 
e8forLs,  and  arc  Rcncrally  eliminated  by  curare. 

The  Acceleration  of  the  Heart  in  Emesis. — Ackcrmann,  1856,  showed  that  all  ki"* 
of  emesis  arc  accompanied  by  this  acceleration.  Hanuick,  1R74,  obscrv«l  some  acccIe^ 
ation  even  after  atropin.  so  that  there  must  be  a  reflex  stimulation  of  the  accckn*^ 
mechanism;  the  vagus  mechanism  is  probably  also  reciprocally  inhibited. 

The  stimulation  of  the  saiivaiy  centers  has  been  studied  by  V.  E.  Henderson,  19'* 

ACCIDENTS  IN  THE  THERAPEUTIC  USE  OF  APOMORPHIN 

The  apomorphin  nausea  may  produce  considerable  depression,  \*aryin^ 
in  degree  in  different  individuals.  It  is  characterized  by  muscular  <i^ 
bilily,  and  rarely  collapse  (Harnack,  igoS).  These  may  precede  or  folio* 
the  emesis,  and  arc  especially  liable  to  occur  in  the  rare  cases  in  which 
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lesis  fails;  in  pulmonary  and  cardiac  disease;  in  debilitated  patients; 
in  children.  The  collapse  is  preceded  by  irregular  respiration,  anxiety, 
igo,  and  fainting.  During  the  collapse,  the  patient  may  be  uncon- 
is,  and  pass  into  early  death.  These  cases  are  quite  exceptional, 
their  possibility  should  be  borne  in  mind.  It  is  believed  by  some  that 
;ddents  are  often  due  to  impurities,  so  that  only  freshly  made  solu- 
»f  the  crystallized  alkaloid  should  be  used,  never  of  the  amorphous. 

solutions  of  apomorphin  acquire  a  deep  green  color,  Indicating   decomposi- 
The  emetic  action  may  not  be  affected  by  this  change  in  some  samples,  but  it 
fin  oilier?  (Harnack,  1874). 

"  rromorphids. — These  are  formed  in  the  manufacture  of  apomorphin,  if  the  action 
lydrocUonc  acid  on  the  morphin  is  not  carried  sufficiently  far.  They  are,  there- 
frequent  contamination  of  commercial  apomorphin.  They  are  chemically 
igous  to  acetyl-morphin,  being  formed  by  the  substitution  of  CI  for  the  OH  group 
orphin.  Their  pharmacologic  actions  arc  also  similar  to  those  of  acetyl-morphin 
linY  namely  exaggerated  morphin  effects,  with  greatly  increased  toxicity,  paralysis 
spiration,  and  an  antiemetic  action  (Hamack  and  Hildebrandt,  ign).  These 
figators  hold  these  impurities  responsible  for  the  failure  of  cmcsis  and  the  collapse. 
Biay  perhaps  also  explain  the  hypnotic  action  of  Douglas. 

Dosage. — For  emetic  effect,  5  mg.  (3 12  gr.)  or  at  most  10  mg-  (J'g  gr.) 
le  cr>'stallized  hydrochlorid,  in  f"^  to  i  ex.  of  water,  should  be  given 
dermically,  and   repeated  in  fifteen  minutes  if  necessary.    As  a 

nt  e.rpectorant,  it  is  inferior  to  ipecac,  but  may  be  used  by  mouth, 
rup  of  citric  acid,  in  doses  of  2  to  10  rag.  (^30  to  ^q  gr.)  for  adults; 

2  mg.  {^io  to  3-^0  gr)  for  children.  This  dosage  does  not  cause 
ession. 

e  therapeutic  use  of  emetics  will  be  discussed  later. 

Itorption. — Apomorphin  is  readily  absorbed  from  all  mucous  membranes. 
is  is  produced  by  applying  a  feu  milligrams  to  the  conjunctiva  of  a  dog;  also 
plication  to  the  urethra,  vagina,  etc.  (Macht,  1917)- 


PREPARATIONS — APOMORPHIN 

fomorphina  BydrockhricumiApomorph.  Hydrochl),U.S.P.,B.P.;Ci7H,|NO|.- 
4H,0.  U.S.P.;(C,7Hi7NO,.HCl),  +  H,0,  B.P.— Prepared  from  morphin  by  the 
ction  of  one  molecule  of  water.  The  preparations  of  diDcrent  manufacturers  differ 
i)r  less  in  composition  and  activity  (Harnack,  1909).  Minute,  white  or  grayish- 
glistening  prisms;  odorless,  acquiring  a  greenish  tint  upon  exposure  to  light  and 
ol.  in  water  (1:50)  and  in  ale.  (1:50).  Dose,  Expectorant,  3  mg..  Ho^.',  emetic, 
1..  Mi  gr.;  by  mouth;  hypodermic,  5  mg.,  H:j  fH".,  U  S  P  ;  3  to  6  mg.,>^o  to  Hio 
rpodermic;  by  mouth,  0  to  lO  mg.,  Ho  to  .li  gr.,  B.P.     Afaximum  dose,  20  mg., 

ApomoTph.  Uyp,,  B.P. — i  per  cent.    Dose,  0.3  to  0.6  c.c,  5  to  xo  minims. 


APOCODEIN 

is  an  analogous  derivative  of  codein,  apparently  variable  in  composition  and 

Robert    finds   (hat   it   acts  qualitatively    like   apomorphin.     Dixon,    190.1, 

that  it  paralyzes  successively  the  nerve-endings  of  the  vagus,  vasomotors,  other 

muscle,  slri[»ed  muscle,  and  cardiac  accelerator,  as  well  as  the  ner\'e -centers, 
action  does  not  seem  to  be  absolutely  specific.  Magnus,  1005.  found  both  stimu- 
ld  paralyzant  peripheral  effects  on  peristalsis.     It  has  been  used  asexpiectoranl, 

h>'pnotic  and  cathartic  (Fraenkel). 
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ASPmOSPERMA  (QUEBRACHO) 

The  bark  of  Aspidosperma  Quebracho-bianco,  contains  sc\'eral  alkaloids  with  vcrj 
similar  actions:  fall  of  olood  pressure,  increased  heart  rate,  clonic  convulsions  wita 
muscular  weakness,  and  a  very  great  and  persistent  increase  of  the  rate  and  depth  of 
respiration.  The  lungs  are  markedly  h>'percmic  (Hamack  and  Hoffmann,  1884;  Wowj 
and  Hoyt,  190,1;  Wood,  1910).  These  actions  are  partly  central,  partly  peripherai. 
WVmwI,  190S,  attributes  the  respiratory  effect  to  intent  irritation  of  local  areas  oi  ibe 
lung,  which  is  observable  at  autopsy.  The  alkaloid  quebracbin  is  mainly  responsible 
for  this  effect.  One  uf  the  alkaloids,  aspidosamin,  produces  emesis;  the  othcrf  ont/ 
nausea^  with  its  usual  accompaniments. 

Cow,  1914,  finds  that  larger  doses  paralyze  the  nerve  cells  of  the  autonomic  system. 
brain  and  spinal  cord.  Still  larger  doses  paralyze  Uie  vagus,  sympathetic  and  motor 
endings,  similarly  to  nicotin  and  oirare.  Death  occurs  by  paralysis  of  the  re^iratory 
center  when  the  motor  nerves  still  respond  to  stimulation. 

Hesse  claimed  to  have  isolated  six  alkaloids;  but  oi  these  only  two  are  well  cbatactcf- 
izcd,  namely  aspidospcrmin  and  qucbrachin,  the  latter  identical  with  yohimbin.  The 
others  were  prooably  impure  mixtures  and  cleavage  products  (Ewans,  I9i4)' 

Aspidosperma  has  been  used  as  a  respiratory  stimulant  in  all  forms  of  d>'spneaand 
asthma;  but  its  usefulness  is  doubtful.  Its  irritant  action  on  the  lungs,  and  the  great 
circulatorv  depression  should  be  borne  in  mind.  The  dose  of  the  fluidextracl  i$  i  ^ 
^  c.c;  of  the  amorphous  aspidospermin  (a  crude  mixture),  0.06  to  o.i  Gm.;  of  thecrystil- 
line  (true)  aspidospermin  chlond,  5  to  30  mg.,  at  first  every  hour  or  two,  then  lea  fr^ 
quently  (S.  Solis  Cohen). 
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PREPARATIONS — ASPIDOSPERMA 

Aipidosperma,  U.S. P.  {Qurbracko). — The  dried  bark  of  Aspidospcrnu  Quebracbo- 
bhiDco.     Dose,  4  Gm.,  60  gr.,  U.S.?. 

Fldcxi.  Aspidosp..  U.S.P.— Owe.  4  c.c.  i  dram,  U.S.P. 


IPECACUANHA  AND  EMETIN 

General  Statement — Ipecac,  the  root  of  a  Brazilian  plant,  contains 
several  alkaloids,  of  which  two,  Emetin  and  Cephaelin,  produce  local 
irritation  and  nausea  and  emesis,  by  central  and  local  action^  without 
danger  of  side  effects.  The  drug  is  therefore  very  useful  therapeutically- 
Large  doses  produce  spediic  effects  in  amebic  dysentery.  The  systemic 
actions  (central  and  cardiac  depression;  stimulation  and  depression  of 
smooth  muscle)  do  not  occur  when  the  drug  is  administered  by  mouth, 
since  there  is  but  little  absorbed. 

Nauseant  and  Emetic  Actions. — These  are  produced  much  more 
slowly  than  with  apomorphin.  In  man,  vomiting  occurs  only  after  0D^• 
half  to  one  hour.  The  drug  is  therefore  more  useful  as  a  nauseant  «- 
pectorant  than  as  an  emetic.  ^4^  expectorant,  the  Syrup  is  used  (i  cc.)< 
An  infusion,  used  as  a  gargle,  has  been  recommended  to  avoid  irritAiiofl 
of  the  stomach.  F(tr  emesis,  the  powdered  ipecac  may  be  used,  i  to  2  Gro. 
in  warm  water,  repeated  in  half  an  hour  if  necessary;  or  the  S>Tup  (table- 
spoon for  adults,  teaspoon  for  infants,  especially  in  spasmodic croup^ 
It  has  some  advantage  over  the  mineral  emetics  in  that  it  caiises  less  gas- 
tric irritation  and  less  general  depression. 

Location  of  Emetic  Action.— Ii  has  generally  been  fttated  that  this  is  purely  local, 
mainly  l>ccausc  emesis  occurs  more  promptly  on  gastric  than  on  hypodermic  4d»ii"*j 
tration;  the  efficiency  of  hj-podcrmic  administmliun  beiiiK  explained  by  cxcrelio"  * 
the  alkaloids  into  the  stomach  (Valcnti,  igii)  and  intestines  fd'Omella,  iSyi). 

However.  Eggleston  and  Hatcher.  igi5,  found  that  the  emetic  dose  is  nearly"* 
same  by  cither  channel;  moreover,  they  observed  the  occurrence  of  vomiting  movcmt"** 
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I  eviscerated  animals.  It  is  clear  therefore  that  the  vomiting  is  of  central  origin; 
ut  fcMEcause  of  the  prompter  action  of  the  gastric  injection,  which  was  conlirmed  by 
leae  ob&cr\'ers,  it  follows  that  tlie  local  action  facllitate!>  the  emetic  response.  Emclin 
od  ccphaclin  act  alike,  except  that  cephaclin  is  twice  as  active. 

Irritant  Action. — Ipecac  irritates  all  mucous  surfaces,  sometimes  to  an  exaggerated 
cgne.  It  may  therefore  produce  conjuncti\ntis,  bmnchitiB,  stein  eruptions,  asthma, 
iarrhea,  rectal  irritation,  etc.  Some  persons  are  extremely  sensitive  to  these  effects, 
n  the  abraded  skin,  i  per  cent,  solution  of  cmetin  raises  a  wheal  fSollmann  and  Pilchcr. 
J16).  Hypersensitive  patients  also  react  with  urticaria  to  systemic  administration 
^avigaac  and  Alivasatos,  i^ig). 

The  siihcuianrous  tissue  is  but  little  subject  to  irritation  by  ipecac  (Zepf,  1903), 
erhaps  because  the  drug  is  too  rapidly  ausorbed.     Kenal  irritation  occurs  rarely. 

Use  in  Dysftepiias. — The  gastric  h^vpercmia,  produced  by  small  doses,  is  sometimes 
tiUzed  in  dyspepsias  (a  drop  or  two  of  the  s>Tup  in  a  teaspoon  of  water,  every  ftflecn 
linutes).    The  benefits  arc  doubtful. 

Use  in  Amebic  Dysentery. — Ipecac,  emetin  or  cephadin,  when  admin- 
stored  in  adequate  doses  usually  cause  the  prompt  disappearance  of  all 
he  clinical  symptoms,  generally  with  absolute  and  often  permanent  dis- 
.ppearance  of  the  entamcba  histolytica  from  the  stools.  The  raoslcom- 
»leteand  permanent  effects  are  obtained  in  early  acute  cases  (Ross,  1916). 
n  chronic  cases,  relapses  and  carriers,  the  amebas  occur  as  resistant, 
■ncysted  forms,  apainsl  which  hypodermic  injections  appear  to  be  rather 
neffective;  oral  administration  is  then  distinctly  more  successful,  but 
nay  also  fail. 

The  response  to  the  ipecac  alkaloids  has  been  attributed  to  a  specific 
imebicidal  action.  This  appears  to  be  incorrect;  the  dysentery  amebae 
derating  direct  contact  with  high  concentrations  of  emetin.  The 
nechanism  of  the  clinical  action  is  therefore  obscure. 

Musgravc  191 2,  and  some  others,  have  referred  the  clinical  results  to  the  intestinal 
rtitation;  and  believe  ipecac  effective  in  all  forms  of  d>'senterj',  whatever  the  etiology*. 
rhis  view  has  not  obtamcd  acceptance. 

Harris.  1890,  claimed  that  ipecac  more  or  less  freed  from  its  alkaloids  (**de-emeli- 
>Ucd")  is  equally  effective  and  less  disagreeable.  This  is  now  generally  denied. 
Redder  found  it  quite  inert. 

Formerly,  the  opinions  of  the  value  of  ipecuc  treatment  were  divided;  but  the  later 
Jinical  investigators  are  practically  in  agreement.  The  older  failures  are  probably 
i*tributable  largely  to  faulty  administration  and  inadequate  dosage. 

Expfrimfntal  AnifhU  Dysentery. — Ipecac  treatment  proved  quite  ineffective  against 
J^jymptoms  or  course  of  amebic  dy'sentery  transmitted  to  kittens  (Dale  and  Dobell. 

^Kfnebu:$4al  Action. — Entamebor  histolydcse  in  the  stools  of  dysentery  patients  arc 
fwte  unaffected  by  contact  with  emetin  in  dilutions  of  1 :  3000  for  one  or  2  hours;  and 
*ven  1:250  often  fails  to  kill  in  this  time  (Allan,  1920I.  Dale  and  Dobell.  IQ17,  also 
l^nd  that  the  emetin  alkaloids  affected  the  ameba  less  than  quinin,  although  quinin 
g»  little  effect  on  the  di5ea.se.  The  older  claims  of  high  efficiency  (Veddcr,  1911; 
■"^hcrry,  191 1 ;  Rogers,  1912)  were  doubtless  errors  due  to  the  undeveloped  tcchnic- 
RfJaUd  Alkaloids. — Pyman  and  Wenyon,  1917,  and  Walters,  Baker  and  Koch,  1917, 
l^fcve  investigated  the  efficiency  of  emetin  and  its  derivatives  on  cultures, especially  of 
J'JJeha  Umax.  Emetin  and  cephalJn  were  about  equal.  Psychotrin  was  much  inferior, 
^oic  emetin  derivatives  witn  higher  alky!  esters  were  more  efficient  than  emetin. 
ThcactionisquitesloWjSo  that  some  organisms,  especially  of  thcenc>'sted  forms,  are 
"kely  to  survive  when  most  have  been  killed  Endamcba  buccalis  often  survives  on 
ith  I  per  cent,  cmetin  hydrochlorid. 

rin  and  Xarcotin. —  Emetin  is  probably  an  isochinolin  dcrix-ative  (Windaus), 
ore  related  to  papaverin  and  narcotin.     Pick  and  Waaicky,  1915,  find  these 
)  alkaloids  also  kill  protozoa. 
hc(tftial  Action. — Emetin  is  fairly  efficient  in  vitro,  but  acts  very  slowly  and  is  there- 
useless  in  tivo  (KoLmer  and  Smith,  1916). 

iMministraiion  in  Dysentery. — Wliatever  may  Ik?  the  explanation  of 
ipecac  effect,  its  action  must  be  exerted  in  the  intestines.     These  are 
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difficult  lo  reach  by  oral  administration  of  soluble  preparations^  for  the  — 
large  doses  that  are  necessary  would  produce  vomiting.  ■ 

Several  methods  may  be  adopted  lo  circumvent  this  difficulty:  Salol-™ 
coated  pills;  difficultly  soluble  preparations;  and  hypodermic  adminia- 
tration. 


Opium  Method. — This  is  now  obsolete.     A  preliminary  full  dose  of  opium  was  fol- 
lowed by  I  Gm.  of  ipecac  evcr>'  4  hours;  or  by  0.5  Gm.  every  half  hour  for  0  ilows. 

Saiot'Pitls. — These  conslilutc  probably  the  most  effective  and  safest  method.  A 
careful  technic  must  be  followed;  such  as  the  metliod  of  S.  K..  Simon  (1906,  1918): 

The  patient  is  directed  to  bed  during  the  treatment  (which  takes  about  two  wceb), 
and  is  kept  on  a  li];^ht.  mainly  liquid  diet.  After  an  initial  Castor  oil  purge,  he  rrceix^s 
a  single  aose  of  ipecac,  as  salol-coated  pills,  in  the  evening,  three  hours  after  the  luL 
meat  The  first  nose  is  of  .^  or  4  Gm.  This  is  reduced  by  0.3  Gm.  daily,  until  0.65  Cra. 
is  reached.  This  last  dose  is  then  continued  for  two  weeks,  and  is  supplemented 
colon  irri^tions  with  salt  or  borax  solution.  If  ulceration  has  tjeen  extensive,  the  coloa 
is  Later  washed  with  a  dilute  silver  nitrate  solution.  Tonic  measures  arc  alw« 
necessar>'. 

hi  normal  individuals^  j  Gm.  of  ipecac,  given  by  this  mL'thcKl,  produces  grncnillj 
diarrhea,  lasting  some  days;  often  considerable  abdominal  pain  and  slight  tenesmus 
(Musgrave,  1912);  no  depression  and  rarely  vomiting.  A  patient  took  ioogr.  in  tbrcr 
days  without  apparent  discomfort  (Dock  and  Lyons,  1010). 

Dircci  ItUcstinai  Adtninisiraiion. — Ipecac  has  also  been  administered  by  the  duodcoiJ 
catheter  (Beck,  1913),  by  rectum,  and  through  the  stump  of  an  operated  appcndii^ 

Rectal  AdmintslnUioH. — Lawson,  191S,  claims  successful  results  from  an  enema  of  4- 
to  8  gms.  of  ipecac,  suspended  in  a  pint  and  a  half  of  water. 

IMffiaiUty  Soluble  Preparations. — Two  types  of  these  have  been  introduced:  Einctin- 
fuUer's  earth  adsorbate;  and  emetin-btsmutn  iodid. 

Emetin-Adsorhate. — The  alkaloids  of  ipecac  arc  adsorbed  by  the  fuller's  ttrtl"- 
The  product  ("Alkresta  ipecac")  is  insoluble  in  water  and  dilute  acids  and  thcrctoff 
avoios  the  direct  gastric  irritation.  It  was  originally  claimed  that  it  would  be  diswivvl 
bv  the  alkalinity  of  the  intestines.  This  is  incorrect  (Sollmann,  1910).  It  is  on* 
cfaimed  that  some  of  the  emetin  is  dissolved  in  the  intestines  in  some  other  manner,  per- 
haps by  the  soaps  (Clowes  and  Walters,  1920);  but  there  arc  no  data  as  to  the  qu»DUiy 
dis.solvcd  and  the  entire  absence  of  SN'stemic  effecls,  clinically  as  well  as  cxpcriinenl^Dy 
(Eggleston  and  Hatcher,  191  5)  shows  that  it  cannot  be  large. 

Entrlin- Bismuth  loHid. — This  was  sugRested  by  Du  Mcz.  1915.     It  contains  about 

>o  per  cent,  of  emetin,  and  is  but  slightly  soluble  in  water  or  dilute  acid;  but  the  emeU" 

;is  dissolved  by  dilute  alkali  (Sollmann.  1919).    It  therefore  causes  relativxly  little  gtstiii' 

'disturbance,  and  is  often  efficient  in  chronic  cases  and  in  carriers.     (Report  Comniitw 

Phann.  and  Chem   T..A.M.A.^i9iR,  Dec.  14,  page  2013;  Critical  Bibliography) 

The  gastric  solubility  may  be  further  reduced  bv  niaking  it  into  pills  with  mutton 
tallow  (T.  J.  G.  Mayer,  1920). 

H3rpodennic  Treatment  with  Emetiji. — This  was  introduced  by 
Rogers,  191 2,  and  has  been  found  more  promptly  effective  and  less  dis- 
agreeable than  oral  administration  (review  by  Vedder,  1914). 

Efficiency. — Even  the  6rst  injection  causes  the  disam>earance  of  blood  and  mooft 
from  the  stools,  decrease  of  diarrhea,  and  relief  of  pain.  The  symptoms  ottcn  disappOt 
completely  within  a  week,  but  other  cases  are  more  resistant.  Practically  all  pfttiWp 
unless  moribund,  are  clinically  cured.  This  holds  also  for  the  hepatitis.  Some  «**" 
the  amebie  in  the  stools,  probably  because  the  emetin  does  not  reach  the  lumen  cA  ^ 
■intestines;  but  they  may  suffer  no  sjTnptoms  or  recurrence.  These  carriers  may  ^ 
treated  by  local  irritation  with  quinin  or  silver  nitrate. 

Dosage. — Vedder  advises  20  mg.,  \^  gr.,  of  the  Emetin  Hydrochloric 
hypodermically,  three  times  daily  for  about  ten  days.  It  would  be  su** 
pended  with  the  cure  of  the  clinical  symptoms,  and  resumed  on  recurrtiKC- 
The  dose  may  be  increased,  if  necessary,  to  2  or  3  gr.  per  day.  Care  mu^ 
be  used  that  the  solution  is  not  introduced  into  the  eye,  as  it  is  very  '^' 
tant  (Blue,  1915). 
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ffects. — The  ordinary  dose  does  not  produce  any  gastro-intestinal  or  general 
e,  and  practically  no  local  reaction  if  the  solution  is  neutral.  The  larger 
t  some  nausea,  vomiting,  depression  and  pain — more  with  intramuscular  than 
ic.  Even  0.25  Gm.  at  one  dose  produced  only  persistent  nausea  (Allan). 
would  not  be  used,  beatuse  of  Its  greater  emetic  action. 

Diarrhea. — Bloody  diarrhea  in  consequence  of  therapeutic  h>'podermic 
ection  is  probably  more  common  than  was  formerly  supposed;  being  easily 
for  recrudescence  of  the  dysenter>'.  Kilgore  and  Liu.  1917,  describe  several 
lildren  who  received  excessive  doses  under  the  mistaken  notion  that  tlicy 
nore  tolerant  than  adults. 

rs. — .\  number  of  toxic  and  a  few  fatal  cases  have  been  reported  clinically 
I  Collard,  1914;  R.  L.  Levy  and  Rowntrcc,  1916;  Dalimier,  1017;  H.  H. 
id  Murphy,  1017)- 

sually  exhibit  intestinal,  paralytic  and  edcmic  symptoms.  The  heart  may 
^d.  The  dangers  arc  greater  in  diseased  subjects  (Pellini  and  Wallace,  1Q16). 
iccidcnts  do  not  appear  to  be  connected  with  variability  in  the  commercial 
as  (Lake,  10  iS)  but  appear  to  be  explained  by  cumulative  action.  Walters 
19x7,  found  in  animals  that  doses  only  }-\i}  of  the  minimal  single  fatal  dose, 
animals  when  repeated  daily  for  three  weeks. 

tn  after  Hypodermic  Injeition. — Emetin  appears  in  the  urine  within  20  to  40 
ut  the  excretion  outlasts  the  treatment  bv  5  to  9  weeks.  It  must  therefore 
!  deposits  in  the  body  (Mattel,  1920);  perhaps  at  the  side  of  injection. 
nous  injection  has  also  been  tried,  but  should  be  condemned.  Vedder 
tions  against  it.  Baehrmann  and  Ileincmann,  iqij,  had  no  bad  results  with 
mg.;  whilst  300  to  400  mg,  gave  severe  effects  in  a  few  minutes;  vascular 
marked  dyspnea,  unconsciousness,  vomiting  and  diarrhea,  ver>'  slow  pulse. 
ds  the  fatal  intravenous  dose  for  rabbits  (25  mg.  per  kilogram.  The  fatal 
c  dose  is  much  higher  ("20  mg.  for  mbbits). 

Uty  of  Commercial  Emetin  Hydrochlorid. — The  occurrence  of  two  fatal 
cs  led  R.  L.  Levy  and  Rowntree.  igi6,  to  investigate  the  toxic  eflfects.  They 
(  differences  in  the  toxicity  of  commercial  samples.  They  describe  the  toxic 
i  in  animals,  and  the  cltntcal  toxic  cases. 

in  in  Pyorrhea  Alveolaris. — The  supposed  causation  o(  Rigg*s 
>y  endamebx  prompted  the  trial  of  emetin.     Many  observ'ers 
good  results;  but  neither  these,  nor  the  etiolog>',  are  beyond 
iPrice  and  Bensing,  1915). 

ind  Barrett,  and  others,  found  endameba  buccalis  tonstantly  present  in  the 
d  introduced  the  local  use  of  ipecac.  Bass  and  Jones,  1914  and  1915,  were 
enthusiastic.  They  report  the  ameba*  destroyed  by  hyi^udermic  injections 
0.03  daily  for  three  to  six  days;  or  3  or  .}  Alcrcsta  ipecac  tablets  (each  of  0.65 
trcd  ipecac)  two  or  three  times  daily  bv  mouth,  for  the  same  period.  This 
KkIucc  nausea,  but  often  some  abdominal  discomfort  or  diarrhea.  The  lesions 
ong  time  to  heal,  and  may  become  reinfected,  when  the  treatment  must  be 
As  prophylactic,  they  recommend  a  daily  mouth  wash  of  i  or  j  drops  of 
t  ipecac  in  a  half-glass  of  water.     Evans  and  Middleton,  1915,  also  report 

Other  Parasitic  Conditions. — Emetin  has  been  unsuccessful  in  syphilis, 
panosomes  and  bacillary  dysentery.  Marked  improvement  was  reported  for 
chmitter,  1915. 

Bnl  Tumors. — It  has  been  reported  that  these  may  disappear  after  local 
E  emetin.  However,  this  is  due  merely  to  the  caustic  action  (Lcwisohn,  igi8). 
blosis. — Raehum,  1914,  suggests  its  use  (1.5  mg.  hypodcrmically)  to  lessen 
•congestion,  expectoration  and  congestive  hemorrhage.  The  rationale  is  not 
t  requires  confirmation. 

yptysis. — Emetin  has  been  tried  in  tubercular  hemoptysis,  the 
teing  often  favorable,  but  not  very  critical.  The  mechanism  is 
Lined. 


|li  1913.  claimed  immediate  arrest  after  the  hypodermic  injection  of  0.04  Gm. 
ipleasant  symptoms.     The  injection  may  be  repeated  in  intervals  of  twelve 
hours.     Valassopoulos,  1913,  used  0.02  Gm.  (also  in  rectal  carcinoma). 
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Nicola,  19:4,  emplojing  the  same  dosage  as  Flandin  in  hcmopt^'sis,  obtained  \'ariible_ 
results.  Apparent  success  (arrest  in  forty-eight  hours)  was  obtained  mainly  in  th<^| 
early  stages,  with  scanty  hemorrhage  or  high  blood  pressure.  Bleeding  from  venou^H 
congestion  or  with  low  blood  pressure  was  not  influenced. 

Superficial  Capillary  Hemorrhage. —  Intravenous  emctin  checks  this  only  as  tt  lowfrt 
blood-pressure.     Local  auplication  increases  bleeding  (HanzUk,  1918). 

Systemic  EHects. — These  occur  only  after  very  large  hypodermic  or  intrave 
doses.      They  consist  in  paralytic  symptoms,  among  the  earliest  in  mammals  being 
motor  paralysis  with  fall  of  blood  pressure.    This  is  further  aided  by  weakeniHi  of 
heart  muscle  due  to  its  direct  muscle-action  (it  produces  diastolic  arrest  of  the  isoUted 
frog  heart;  Moulinier,  1Q14).     Dciith  occurs  mainly  by  central  paralysis. 

Syslftnit^  atui  Pulmonary  Ci>r«/d/iow.— Plumicr  and  Clermont,  igiq,  found  no  cflect 
with  hypodermic  administration.  Non-toxic  intravenous  injections  lowered  the  c»roud 
pressure,  but  increased  the  pressure  in  the  puLmonar>'  artery  and  vein,  and  also  tbe 
pulse  rate.  Larger  doses  dilated  the  pulmonary  vessels,  but  generally  less  than  tbc 
&>'Btemic  vessels.     The  heart  was  also  depressed. 

If  the  action  has  lasted  any  time,  the  autopsy  will  show  a  marked  fiastro-^ntrrUii 
with  ccch>Tnoscs  and  even  ulcers.  There  arc  also  hemorrhages  into  the  lymph  gliiri'Js, 
Bplcen,  kidneys,  etc.  (Kilgoru  and  Liu,  IQ17).  However,  even  f.ital  doses  produce  only 
slight  dcgenenition  of  the  renal  parenchyma  (De  la  Pay  and  Montenegro,  IQ18). 

Smooth  Muscle. — Maurcl,  1Q14,  describes  for  the  intestines,  sionjach  and  Wood 
vessels  a  primary  increase  of  tonus,  large  doses  paralyzing. 

Pick  and  Wasicky.  IQ16.  point  out  that  emetin  is  related  to  papaverio.  in  actwB  11 
well  as  in  chemical  constitution.  Tt  paral>'zes  the  smooth  muscle  of  the  digestive  tract, 
bronchi,  uterus,  heart  and  vessels  (but  small  doses  stimulate  peristalsis).  The  depres- 
sant action  is  exerted  directly  on  the  muscle  substance,  emetin  being  mutually  antagonih 
tic  with  barium. 

Uric  Acid  Excretion. — This  is  increased  by  ipecac,  as  by  other  gastro-intc»tiaal  vA- 
tants  (Abl,  1913). 

COMPARATIVE  ACTION  OF  EMETIN  AND  CEPHAELIN 

Emetin  is  methyl-cephaelin  (Carr  and  Ryman,  191.J.  They  also 
describe  the  chemic  properties). 

The  actions  of  emetin  and  cephaelin  agree  qualitatively;  but  emetin 
is  the  stronger  amcbicide,  whilst  cephaelin  is  more  irritant,  more  emetic 
(about  twice,  EgglesLon  and  Hatcher,  1915,  MelUcer,  Eckler  and  Koch, 
1917)  and  about  twice  as  toxic  (Podwyssotzki,  1879;  Wild,  1895;  Paul 
and  Cownley,  1901;  Lowin,  1902).  Emetin  was  said  to  bemoredeprts^ 
ing  to  the  heart,  and  cephaelin  is  somewhat  hemolytic. 

Other  Cephaelin  Esters. — Walters  and  Koch,  1Q17,  tested  a  series  of  dcriviUvi 
They  found  only  quantitative  differences. 

Psychothn. — The  third  alluiloid  of  ipecac  is  also  chemically  related  to  cepharftaf' 
(That  is,  it  contains  a  atoms  less  of  hydrogen).     It  has  a  very  low  toxicity  (Walteni 
Koch).    The  amount  in  the  drug  is  small  and  unimportant.    Lloyd  has  announced' 
colloidal  alkaloid  ("Kryptonin")  in  ipcc;ic. 

IPECACUANHIC   ACID 

A  further  constituent,  ipecacuanhic  acid  wa^,  until  recently,  coaadered  ft 
of  the  action  of  ipecac  in  dysentery.    It  has  been  shown,  howe\'cr.  that  this  tanus 
inacdve.    The  ipecacuanhic  acid  possesses  oU  the  chemic  characters  of  cufleniannic  a< 
(see  Index),  from  which  it  differs  ony  by  one  atom  of  oxygen.     The  pharmacolc 
actions  of  these  two  tannins  also  a^rce  perfectly  (and  differ  from  ordinarj'  tannin)  ^| 
they  ore  neither  antiseptic  nor  astringent  (Kimura,  1903). 


IPECACUANHIN 
Ipecacuanhin  is  a  crystalline  glucosidal  constituent  (Finnemore  and  Braithnll'^ 

19X3). 


IPECAC 
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PREPARATIONS — IPECAC 

*Ipecacwinhi  (Ipecac),  U.S.P.;  lpe«H.  Rod.,  B.P.— The  dried  root  of  Cephaelis 
xacuaaba  (Psychotria  Ipecacuanha,  B.P.),  Rio  Ipecac.  The  U.S. P.  also  recognizes 
TthagfinA  Ipecac,  from  Cephaelis  acuminata.  Ipecac  must  yield  not  les  than  1.75 
'  cent,  of  alkaloids,  U.S. P.;  2  per  cent.,  B. P.  Walters  and  Koch,  igt?,  lind  thalboth 
ieties  contain  about  twice  as  much  cmetin  as  cephaclin.  The  drug  was  introduced 
t  Europe  about  the  end  of  the  seventeenth  century.  Dose,  as  Emetic,  i  Gm.,  15  gr., 
i.P.;  I  to  J  Gm..  15  to  30  gr.,  B.P.,  of  the  powder,  stirred  into  warm  water.  As 
3ectoraat,  etc.,  0.03  to  o.ia  Gm.,  ^  to  j  gr.,  B.P, 

♦FWesf.  IpKoc.,  U.S.P.;  Ext.  Ipecac.  Liq.,  B.P.;  about  2  per  cent  of  alkaloids;  the 
LP.  also  contains  1  per  cent,  of  HCl.  Dose,  as  E.vpectorant,  0.05  ex.,  i  minima 
LP.;  0.03  to  0.1  a  C.C.,  H  to  2  minims,  B.P. 

*Puit,  Ipec^.  et  Opii,  U.S. P.;  Pulv.  Ipecac.  Co.y  B.P.;  Dovers'  Powder.— (See 
«.) 

*Syr,  Ipecac,  U.S.P. — 7  per  cent.,  acidulated  with  Acid.  Acet.  Dose,  as  Expecto- 
t,  I  ex.,  15  minims;  as  Emetic.  15  ex.,  4  drams,  U.S.P. 

I^KCac  Syrup  of  the  International  Protocol  is  only  tf  the  strength  of  the  U.S.P. 
frock.  Ipecac.,  B.P. — 0.015  Gm.,  ^i  gr. 

Vin.  Ipecac.,  B.P. — 5  per  cent.  Dose,  0.06  to  0.8  c.c,  10  to  30  minims;  as  Emetic, 
o  30  ex.,  4  to  6  drams,  B.P. 

*Em€titur  IlydrochlorUum  {Emet.  Hydrochl.),  U.S.P..  CaoHuNjO^.aHCl.— Con- 
s  variable  amounts  of  water  of  crystallization.  White  or  yellowish  crystalline 
dcr.  Freely  sol.  in  water  or  ale.  Dost  ao  mg.,  H  gr»  U.S.P.,  hyodermic;  by 
ith,  as  Expectorant,  5  to  10  mg.,  M  XQ  %  gr.;  as  Emetic,  10  to  ao  mg.,  ^  to  yi 

Care  must  be  used  to  keep  il  from  contact  with  the  eyes,  as  it  is  highly  irritant. 
^mciin  Bismuth  lodid,  N.N.K. — Odorless,  orange-yellow  powder;  somewhat  bitter 
e  but  slightly  soluble  io  water  or  dilute  acid;  emctin  is  hberated  by  dilute  alkali. 
t,  0.2  Gm.  (.3  grains),  daily  for  four  days,  administered  in  capsules,  with  meals. 
Ctphtielina^  N.N.R.,  CntlgoOiN. — Dose,  5  to  mg.,  H  2  to  j-fc  gr.,  in  pills  or  as  powder 
h  sugar. 

CkAfiarro  Amargosa   (Simarubaceo:),  a  Mexican   plant    (Castela  Nickolsonti)   has 
Q  ititd  in  amebic  dysentery,  with  successful  results,  and  without  bad  effects.     The 
Mcinfuson  is  used.     It  kills  endamebas  (Nixon,  1014,  iQib). 
It  effected  cures  in  cases  that  had  been  refractory  to  emetin  (Shepheard  and  Lillie, 
«). 

SeBard  and  Mclver,  191S,  isolated  a  product  toxic  to  small  animals,  which  is  ap- 
toUy  glucosidal.     They  also  give  an  abstraci  of  the  early  Uterature. 
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THERAPEUTIC  USE  OF  NAUSEANT  EXPECTORANTS 


t-ll  doses  of  emetics  produce  only  some  increase  of  the  bronchial 
d  salivary  secretion  and  sweat,  which  is  useful  in  the  early,  congestive 
dry*')  stage  of  colds  and  in  ''dry"  coughs.  The  dose  should  be  suffi- 
tnUy  small  to  minimize  general  depression  and  noticeable  gastric  dis- 
rbmce,  although  this  sometimes  can  not  be  avoided.  The  nauseants 
3uld  be  given  every  two  to  four  hours. 

For  the  '* abortion"  of  colds,  ipecac  is  often  employed  in  the  form 

"Dover's  Powder,*'  0.5  Gm.  at  night.  In  the  congestive  stage,  the 
mp  of  ipecac  may  be  used.  Tariar  Emetic  may  be  substituted,  but  is 
>rc  depressant,  and  its  continued  use  may  give  rise  to  poisoning.  Its 
pcctorant  dose  is  5  mg.  (3 12  gr.);  or  i  c.c,  15  minims  of  the  Vinum 
»timonii  (=4  mg.,  M's  grO.  This  is  also  one  of  the  constituents  of 
e  Mbtura  Glyc>Trhiza;  Composita. 

Viscid,  adhi^rent  mucus  may  be  thinned  by  Ammonium  Chlorid  or 
irbonaU  (0,3  Gm.);  or  Potassium  Iodide  (0.2  Gm.);  or  by  the  irritant 
Ponin  of  Syrupus  Scnegx  (2  c.c).    The  Compomul  Syrup   of  Squill 

c.c)  savors  of  "shot-gun"  prescribing. 
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The  reactions  of  the  salivary  center  have  been  studied  by  V.  E.  HendcrMn,  igio. 
He  Snds  that  this  is  readily  depressed  by  antsthftics  and  by  morpkin,  even  in  smiU 
doses;  lodids  and  other  salts  do  nut  cause  ucute  stimulation,  but  may  act  rcilciiv 
Emetin  stimulates  both  directly  anri  reflcxly,  also  ammonium  sails,  but  with  these  itir 
reflex  stimulation  is  the  more  important.  ArUimuny  acts  only  reflexly.  Apomorpkin 
only  centrally. 

Bronchial  Secretion. — J.  L.  Miller,  i«jr4,  could  not  demonstrate  any  effect  wiih 
therapeutic  doses  of  emetin,  ammonium  chlorid  Or  carbonate.  Large  doses  prcducrd 
an  increase,  even  when  administered  by  duodenum. 

Site  of  Action  of  Miscellaneous  Emetics.^This  has  been  investteated  by  Egglesinii 
and  Hatcher,  1915.  A  drug  may  be  considered  to  act  directly  on  the  center  iicincsn 
occurs  with  smaller  doses  and  more  rapidly  when  the  drug  is  given  by  vein  tlun  by 
mouth;  and  if  the  phenomena  of  nausea  and  the  motions  of  cmcsis  occur  after  the  whole 
alimentary  tract  has  been  removed.  According  to  these  criteria,  they  found  thslllir 
emetic  action  of  most  alkaloids  is  central;  namely,  apomurphin,  morphin,  nicotic, 
lobelin,  aconitin,  veratrin,  ni1t>carpin,  quinin  and  ergot;  as  also  picrototin,  digiblii. 
and  sodium  salicylate.  W;tb  ipecac,  the  local  action  probably  contributes  to  Ik 
result. 


LOCALLY  ACTING  EMETICS 

The  afferent  paths  which  may  reflcxly  stimulate  the  vomiting  centers 
are  very  numerous;  but  for  practical  therapeutic  purposes  only  lho5«  Q^ 
the  pharynx  and  gastric  mucosa  are  available.  Not  ever}^  form  of  gastric 
irritation  results  in  vomiting — the  kind,  rather  than  the  degree,  of  irriu- 
tion  being  important.  This,  and  the  necessity  of  avoiding  severe  loal 
and  systemic  efFecls,  limits  the  number  of  irritants  which  may  be  ustdis 
therapeutic  emetics.  However,  there  is  still  a  wide  choice,  adapted  to 
the  various  indications. 

CUPRI  SULPHAS  AHD  ZIMCI  SULPHAS 
These  act  practically  alike,  provoking  the  vomiting  reflex  before  there 
is  time  for  any  other  local  irritant  action.  They  are  not  absorbed  (unlta 
the  stomach  is  corroded),  and  therefore  do  not  lead  to  any  systemic 
effects.  Vomiting  occurs  with  certainty  in  a  very  few  minutes.  The 
nausea  is  therefore  short,  and  the  after-depression  is  small,  constilutinf 
an  ad\'anlage  over  apomoq>liin.  They  are  especially  useful  to  empt)'  ihe 
stomach  of  indigestible  food  or  poisons  (provided  that  these  art  not 
corrosive).  Copper  sulphate  is  of  especial  \'ulue  in  phosphorus  poisonH 
if  any  of  the  poison  is  still  in  the  stomach,  since  the  metallic  copper » 
precipitated  and  forms  an  impermeable  coating  over  the  unabsorb^ 
phosphorus  particles. 

The  emetic  dose  of  copper  sulphate  is  about  0.25  Gm.  in  i  percent 
solution;  that  of  zinc  sulphate  is  about  i  to  a  Gm.  They  may  be  repetiB^ 
in  fifteen  minutes  if  necessary, 

MUSTARD 

A  teaspoonfu!  of  powdered  mustard  in  a  cup  01  warm — not  hot— 
water,  repeated  every  fifteen  minutes  is  a  rather  uncertain  emetic,  buti- 
useful  emergency  remedy  in  poisoning,  when  the  patient  is  already  di^, 
posed  to  vomit.  Soli  water,  or  even  plain  warm  water,  or  tickling  of  tit^ 
fauces,  may  be  similarly  useful. 

ANTIMONY 
In  the  form  o{  Antimony  and  Potassium  Tartrate  (Tartar  Emetic),  antimo&jr 
slmilftf  lo  Copper,  h^'  a  purely  local  tScct,  but  its  uic  should  be  avoided,  since  itHI 
depressing.    It  is  fairly  easily  absorbed,  so  that  o.  2  Gm.  has  repeatedly  proven  ft 
The  ordinary  emetic  dose  is  jo  mg. ;  and  if  this  not  elective  In  boU  an  hour,  it  wooMl 
well  to  give  tannin  as  an  antidote. 
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EMDSIS  AS  AN  UNDESIRABLE  SIDE  ACTION 

occurs    with    Digitalis,    Squill,    Apocynum,    the    Salicylates,  Senega  and  a 
Imber  of  other  drugs.    The  action  may  be  local  or  central,  often  both. 

1  THERAPEUTIC  USE  OF  EMETICS 

jictics  are  employed  especially  for  the  following  purposes: 

Acute  Poisoning. — The  need  for  evacuation  of  the  stomach,  and 

lative  advantages  of  gastric  lavage,  has  been  discussed  under  the 

al  Treatment  of  Poisoning  (see  Index).     It  must  be  remembered 

^Ucs  arc  ineffective  in  profound  narcosis  (by  chloral  or  chloroform, 

ick,  1874;  by  morphin,  bromid,  etc.). 

Acute  Indigestion. — Here  also  lavage  would  deserve  the  preference. 

omor|>hjn  is  often  very  effective  in  exposing  malingering. 

mnove  solid  bodies  from  esophagus,  pharynx,  or  upper  air-pasaagea.  How- 
^rding  10  de  la  Paz  and  Garcia,  iqi6,  cmcsis  docs  not  dislodge  solid  bodies 
|e  trachea  or  bronchi,  but  may  drive  them  deeper.  Plugs  of  mucus,  however, 
idisplaced  by  increased  secretion  of  mucus.  Emesis  may  cut  short  an  attack  of 
(Hoover  and  Taylor,  191 5).  It  may  also  arrest  paroxysms  of  tachycardia. 
ikuse  compression  of  the  liver,  for  the  removal  of  bile  and  small  gall-stones  from 
^bladder  and  ducts:  The  usefulness  of  this  measure  is  doubtful;  since  the 
es  are  also  compressed,  the  added  vis  a  tergo  can  not  be  very  effectual,  and  on 
er  hand  it  might  rupture  a  distended  gall-bladder. 

Otraindications  to  Emetics. — These  are  mainly  due  to  increase  of 

re  and  to  debility,  and  are  as  follows: 

■Severe  heart-defects^  or  anettrism  of  the  aoria,  since  the  sudden  and 

t  increase  of  intrathoracic  and  inlraabdominaj  pressure  may  result 

jrupture  of  these  organs. 

Atheroma.     The  sudden  changes  in  blood  pressure  are  apt  to  burst 

el  and  produce  apoplexy. 

[Similarly,  they  may  lead  to  hemorrhages  in  phthisis. 

Abortion  may  result,  in  advanced  pregnancy. 

Tendency  to  hernia. 

In  all  debilUaied  conditions  there  is  danger  of  collapse. 

Caustic  poisoning. 


THE  PHARMACOLOGY  OF  HEAT  REGULATION' 

neral  Statement. — In  warm-blooded  animals,  any  departure  from 
iwmal  temperature  disturbs  a  variety  of  functions  more  or  less 
indly.  These  disturbances  tend  automatically  to  restore  the  nor- 
emperature.  Heat  production  and  heat  dissipation  both  have  a 
In  this  regulation,  and  may  be  brought  into  play  either  directly, 
pugh  reflexes.  The  automatic  compensation  or  regulation  is  very 
I;  under  ordinary  conditions  and  with  normal  animals.  It  may 
p  inadequate  if  any  of  the  factors  entering  into  it  are  powerfully 
^  whether  this  alteration  be  central  or  periphcra!.  The  tempera- 
lay  thus  rise  or  fall.     The  changes  usually  involve  several  factors^ 

secondarily.  These  vary  with  conditions,  which  are  often  difficult 
Many  of  our  data  are  therefore  incomplete,  confusing  and 

►ntradictory. 

icnsive  biblioHniphie*  can  be  found  in  the  review  of  O.  Lo«wi,  Ersoh.  Physiol..  1904- 
Callura.  Harvey  Lect.,  1008;  and  Krehl,  Pathol- Physiol. 
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It  is  attractively  convenient  to  assume  a  special  heat    regulatir 
mechanism — a  physiologic,  if  not  anatomic  "heat  center."    This  wo; 
be  located  particularly  in  the  corpora  quadrigemina,  but  diffused  more 
less  throughout  the  whole  midbrain.     The  center  could  be  conceived 
a  sort  of  thermo-regulator  which  is  ordinarily  "pitched"  for  the  normal' 
temperature,  but  which  may  be  adjusted,  by  stimulation,  to  mainuiio  a 
higher  temperature;   then  brought  back  by  depressants  to  its   nonnaJJ 
pitch,  or  perhaps  even  adjusted  lower.     However,  there  is  no   binding^ 
evidence  for  such  a  specialized  *' center,"  and  its  acceptance  is  not  neces- 
sary for  ihc  cxjilanation  of  the  phenomena.     Indeed,  il  may  rather  inlff- 
fere  with  a  clear  understanding  of  the  facts.     On  the  contrary,  the  mech- 
anism of  heat  regulation  may  be  conceived  as  analogous  to  blood-pressure  d 
regulation:  Any  departures  from  the  normal  will  alter  the  physiolo^calB 
conditions,  and  therefore  the  fanctionation  of  a  number  of  organs  and 
centers;  and  these  alterations  generally  tend  to  restore  the  normal  level 
of  the  temperature. 


J 


Many  of  these  fncls  belong  rather  to  the  domain  of  physiology  and   puth 
but  it  may  not  be  amiss  to  summarize  those  whicii  arc  neces&ary  for  presenting 
pharmacologic  phenomena. 

Heat  Production. — Heat  is  evolved  in  the  destructive  metabolism  of  the  dswoi 
particularly  the  muscles  and  glands,  and  this  furnishes  Lbe  *' chemical  factor"  in  lie*> 
regulation.  The  production  of  heat  is  thus  a  part  of  ordinary  metabolism.  It  may  be 
increased  by  greater  activity  of  the  organs;  as  by  digestion,  by  muscular  work,  oreiffl 
by  increased  muscular  "tone."  It  may  also  be  increased  by  overfeeding  and  by  injury 
and  other  destructive  changes,  as,  for  instance,  the  increased  tissue  destruction  of  in- 
fectious fevers. 

Conversely,  the  production  of  heat  may  be  diminished  by  reducing  metabolism i  b)* 
quieting  the  muscular  movements  with  morphin;  by  lowering  their  tone  with  ether;*'' 
paralyzing  them  with  curare;  by  starvation  or  by  depriving  an  animal  of  its  glyoogci; 
by  reducing  nitrogen-metabolism  with  quinin;  by  reducing  the  circulation  by  vasoBH>W' 
or  cardiac  depression  (rollapsel,  etc. 

Importance  of  the  Chemic  Regulation. — This  may  be  judged  by  the  hd  ^^ 
animals  become  practically  poikothermal  when  they  are  paralyzed  by  cururc  (I'lluejrff- 
1B78)  or  by  high  section  of  the  cord;  that  glycogen  free  animaU  are  not  rendered  icbri* 
by  "  heat  puncture,  "  etc. 

The  "Specific*'  heat  production  (as  distinguished  from  that  incidental  to  orlinafy 
physiological  activity)  is  doubtless  under  the  control  of  the  central  nervous  sysittn; 
the  muscular  tone,  for  instance  depends  on  the  spinal  cord.  The  special  rdatioo  ol  th* 
rr)rpora  quaHrigemina  to  heat  production  is  seen  in  "  heat  puncture.  " 

Heat  Dissipation. — Heat  is  lost  mainly  by  the  respiration  and  skin — partly  by  be>t' 
ing  the  air,  and  partly  through  the  aqueous  vapor  of  the  lungs  and  perspiration.  Th< 
rrliitive  importance  of  these  channels  of  heat  loss  diflers  in  diflcrcnt  animals  and  id  th* 
same  individuals,  accordin(j  to  circumstances.  In  man.  the  skin  is  the  chief  means » 
regulating  the  heat  loss;  this  would  be  increased  by  cutatuous  vasodilalion  and  by  i*^ 
pht>rrui.  These  are  therefore  the  "physical  factors"  of  heat  regulation.  On  accouni 
of  tht-'ir  quick  response,  and  lesser  interference  with  the  body  at  large,  they  natur^ 
constitute  the  main  means  of  regulation  under  ordinarj'  conditions.  Vasodilation  « 
the  cutaneous  vessels  may  be  brought  about  directly  by  the  local  appUcation  of 
and  cold;  but  this  also  acts  reflexly — so  that  the  entire  skin  responds  to  strictly  k)Ci 
variations  of  temperature.  The  rcgulntion  of  sweat  is  predominantly  central;  bu!  tfe- 
^uanttty  of  available  fluid  in  the  body  is  also  an  important  item  I  Barlwur  and  Uow>i" 
lyjo}. 

Regulation  of  the  Heat  Loss  Through  the  Skin.— Tibij  generally  inifolves  a  sped 
arti&n,  central  or  prripfienjl,  on  Ihc  tone  of  the  culaneou  s  vessels,  often  combined  wil_fcj 
opposite  change  in  the  tone  of  the  systemic  vessels.     Such  changes  arc  a  con: 
feature  of  the  various  fevers,  and  may  take  either  direction.     The  pyretic  a, 
conceivably   act   either  directly  on  the  controlling  center;  or  indirectly,  by  c 
compensation  against  altered  heat  production,  etc.     The  cutaneou«>  circulation 
be  influenced  by  a  specific  renlral  action  of  certain  drugs,  especially  in  ihc  sense 
dilation.    This  is  seen  most  t>'pically  with  antipyrin  and  the  related  anlipyrttUs. 
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The  Hypothetical  Thermoregulating  Centers.— The  heat  regulation  is  disturbed  by 
perative  interference  with  rertain  parts  of  the  central  nervous  system.  High  section 
I  the  spinal  cord  destroys  heat  rcguliition  completely.  Ahlalinn  of  the  cerebral  hcmi- 
phercs  has  little  cflect.  Traumatic  or  electric  irritation  of  various  parts  of  the  mid- 
<rain  (particularly  the  corpus  striatum,  optic  thalamus  and  the  ponlo-bulbar  junction) 
►roduces  a  rise  of  temperature  (Hale  White.  1S90). 

Dircd  Application  to  Heat  Centers. — Heat  regulation  is  markedly  affected  by  the 
iirect  application  of  heat,  cold  or  drugs  to  the  region  of  the  caudate  nucleus.  The 
temperature  is  thus  raised  by  colH,  cnrrnsivc  poisons,  caffein  or  *'tclra;"  il  is  lowered 
by  heat,  chloral,  antipyrin  or  quinin  applied  to  this  region  (Barbour  and  Wing,  191.1; 
Cloelta  and  Waser,  1914;  Hashimoto.  1915.  Prince  and  Hahn,  xqiS).  Indeed,  the 
dnip  are  more  eflFcctive  in  this  way  than  intravenously. 

Local  heat  to  the  corpus  striatum  of  rabbits  diminishes  the  oxidative  metabolism 
tnd  the  respiratory  volume;  local  cooling  of  this  refrion  produces  the  opposite  eflects, 
tl&o  shivering  and  fall  of  body  temperature.  The  oxidative  changes  are  contributory 
causes,  rather  than  effects  of  the  change  of  body  temperature  (Barbour  and  Prince. 
191 4. 1. 

HeiU  Centers  of  AdAWl.—lsenschmidt  and  Schnitzler,  19:4,  find  the  tuber  cinereum 
the  most  important.  The  efferent  fibers  lie  in  the  caudal  portion  of  the  midbrain, 
irkkly  scattered  over  the  ventral  and  median  parts  of  the  cross-section. 

The  tuber  cinereum  is  not  the  only  center  concerned  in  temperature  regulation;  but 
this  fails  if  this  portion  is  destroyed,  whilst  the  preservation  of  a  pari  of  the  fibers  suffices 
for  the  function. 

The  fever  produced  by  cooling  of  the  corpora  striata  is  accompanied  by  vasoconstric- 
tion in  the  hind  limb,  chiefly  of  the  skin  vessels.  This  would  diminish  heat  loss  and 
tti» contribute  to  the  fever.  Heating  of  the  center  produces  the  opposite  effect  (Prince 
MdHahn.  1918). 

Direct  Heating  and  Cooling  of  Center  on  Response  to  Drugs. — This  has  been  studied 
by  Hashimoto,  1015.  He  found  that  it  has  no  influence  on  the  febrile  reaction  to  tetra, 
cpincphrin  or  large  doses  of  cocain  (sympathetic  stimulants);  but  that  il  modifies  toxin, 
ull  and  anaphylactic  fever. 

The  antipyrcric  action  of  antipyrin  and  salicylate  is  markedly  increased  by  heat, 
tmoved  by  cold.  After  quinin,  heat  is  effective,  cold  not.  Morphin  removed  the 
response  to  both  heat  and  cold. 

Direct  or  Incidental  Regtdation.^Thc  fact  that  the  corpus  sfrialum 
or  luber  cinereum  is  mlimately  concerned  in  heat  regulation  has  been 
Uken  as  evidence  that  ihe  regulation  of  heat  is  centralized  in  these  divi- 
sitms  of  the  midbrain.  Strictly  speaking,  however,  it  proves  only  that 
these  lie  in  the  nervous  path  of  some  of  the  factors  concerned  in  heat 
regulation;  the  heat  changes  mightbe  an  incidental,  rather  than  a  specific 
part,  of  their  function. 

The  evidence  for  the  "temperature  centers"  is  not  absolutely  convincing^  and  their 
existence  has  been  questioned  by  many  investigators.  The  literature  is  reviewed  by 
L.  M.  Moore,  itjiH.  She  showed  that  Uic  puntturt-  and  similar  fevers  are  rather  the 
iwlts  of  general  operative  procedures;  and  tnat  rabbits  maintain  a  normal  temperature 
after  the  caudate  nuclei  have  been  destroyed. 

E.  Sachs  and  Green  state  that  faradic  stimulation  of  the  caudate  nucleus  does  not 
pradace  any  temperature  changes,  in  animals  or  human. 

AppaRntlv  the  strongest  argument  for  a  center,  or  set  of  centers,  having  for  their 
■p«dnc  function  the  reKulalion  of  the  temperature,  lies  in  the  surprising  acfuracy  and 
MAptdbUily  of  this  regulation.  The  maintenance  of  a  constant  temi>cralure  *eems  to 
^  for  a  Ihermo-regulator  of  some  sort.  Even  more  impressive  is  the  remarkably 
efficient,  we  might  say  intelligent,  adaption  of  the  means  to  the  end.  Of  the  numerous 
po«iblewa>*s  of  compensating  any  departure  from  the  normal  heat  production  or  dissipa- 
tioOf  the  organism  seems  lu  choose  that  which  will  most  effectively  and  conveniently 
BOQompUsh  the  purpose,  under  tlic  given  set  of  conditions.  This  holds  not  only  for  the 
<&aintcnance  of  the  normal  temperature,  but  whenever  there  is  a  departure  from  normal, 
tbere  is  a  similar  efficiency;  when  the  temperature  is  to  rise  in  fever,  the  rise  is  accom- 
Miihed,  on  the  whole,  by  a  judicious  selection  of  the  must  effective  or  convenient  means; 
U  the  acme,  the  interplay  is  readjusted,  most  intelligently,  to  preserve  this  higher  tem- 
lenture;  and  when  it  comes  time  for  tbe  temperature  to  fall,  the  choice  of  means  i3 
^■ia  made  with  similar  wisdom. 
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Xn  brief, wc  appear  to  have  a  thermo- regulator,  adjustable  to  various  tcrapcratur 
to  i7°  in  health;  to  40°  in  fever;  to  37^  again  by  antipyretics;  and  this  regulator  works 
with  a  discriminating  judgment  and  choice  of  means  which  seems  to  demand  a  sufwrior 
order  of  intelligence  and  "free  will."  These  psychologic  attributes  being  scarcely 
conceivable  in  a  physiological  function,  the  very  perfection  of  the  mechanism  tends.  La. 
become  a  rctutation  of  a  specific  heat-regulating  center, 

A  nclogy  of  Blood- pressure  Regulalioti. — One  must  turn  to  a  simpler  explanation;  11 
bercapretty  fair  analogy  presents  itself  in  the  maintenance  of  the  normal  blood  prcasi 
This  also  involves  a  number  of  factors — the  work  of  the  heart  and  the  tone  of 
vcsscla — which  may  be  altered  in  a  number  of  ways.     When  one  of  these  facton  w 
altered,  coropensator>'  changes  occur  in  the  other  factors,  so  that  the  resultant  blood 
pressure  is  generally  fairly  level,  just  as  is  the  temperature;  and  like  the  tempenilu; 
\ts  height  or  "pitch"  can  be  *'attuned"  to  various  levels.     The  essential  features 
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blood-pressure  regulation  therefore  appear  quite  analogous  to  those  of  heat  regulnlio; 
but  no  one  speaks  of  a  specific  "  blood- pressure  center."     The  difference  lies  in  this 
in  the  case  of  the  blooo -pressure  regulation,  we  have  a  fair  knowledge  of  the  facto; 
involved,  whereas  with  the  heat  regulation,  our  knowledge  is  much  less.    One  diSer* 
encc  may  be  urged  between  the  two  functions,  namely,  that  the  temperature  runs  much 
more  constant  than  docs  the  blood  pressure.     It  is  dangerous,  how^cver,  to  institu 
quantitative  comparisons  between  two  things  whose  nature  is  so  dissimilar.    Butevi 
if  this  difference  be  important,  it  need  only  mean  that  the  compensating  fxinctioiu 
affected  more  powerfully  by  changes  in  temperature  than  thcv  are  by  changes  in  b' 
pressure,  whicn  is  likely  enough.     The  essential  thing  in  either  case  is  this:  that 
regulation  is  not  effected  by  a  specific  presiding  center;  but  that  cAanjjcj  in  >iny  »^ 
factor  altrr  the  physiologif  sttUe  of  all  tlte  other  factors ,  central  and  peripheral^  and  thus  brt 
about  changes  in  their  funclion^  which  generally  result  in  compensation;  and  thcje  ikani 
continue  until  the  original  phviiotogic  state  of  all  the  factors  is  restored;  thai  it  uniUti 
whole  condition  has  rrturned  to  the  normal. 

It  is  scarcely  necessarj'  to  add  that  the  share,  and  therefore  the  practical  iraportaoff, 
of  the  different  factors  is  unequal.  In  this  sense,  we  may  speak  of  the  corpora  5irial» 
as  one  of  the  important  ''heat  centers,"  meaning  thereby  only  that  they  have  'i  vrn' 
important  relation  to  heat  production;  but  the  same  sense,  the  central  stations  for  ih' 
cutaneous  vesscb,  and  for  muscular  tone,  or  for  convulsions,  are  also  important  "hai 
centers." 

It  is  one  advantage  of  this  conception,  that  it  emphasizes  the  impartial  study  oltM 
actual  phenomena  of  heat  regulation.  These  are  complex  enough,  but  one  may  kopt 
to  trace,  eventually,  the  primary  cause,  the  starting  point,  of  a  given  change,  aod  UK 
chief  secondary  changes  to  which  this  ^ves  rise.  These  will  x'arx'  under  difiCTe*"' 
conditions,  each  of  which  will  need  to  be  mvestigated  by  itself.  This  accounts  forlkf 
many  imperfections  of  our  knowlcdjic  and  for  the  many  apparent  contradictioitf  h 
will  Iherefore  be  wisest  to  restrict  ourselves  to  those  data  which  arc  prettv  dcnnilc')' 
established. 

Methods  of  Studying  the  Mechanism  of  Heal  Reguiation.—CakmnKU^' 
measurements  give  the  most  comprehensive  information  of  the  rclatinfl 
of  heat  loss  and  heal  production.  The  calorimeter  pives  directly  ih^ 
quantity  of  heat  lost;  and  from  this,  and  the  changes  in  internal  teinpen- 
ture  of  the  animal,  the  heat  prodiKtion  can  be  readily  calculated.  The 
share  of  the  nitrogen  and  carbon  nuiabolism  in  the  heat  production  ntiiy 
be  deduced  from  the  nitrogen  and  carbon  dioxid  excretion,  and  from  li>f 
consumption  of  oxygen.  The  changes  of  the  cutaneous  vessels  and  thf*^ 
share  in  the  heat  loss  may  be  deduced  from  direct  inspection  of  the  skin. 
from  comparison  of  the  dermal  and  internal  temperature,  and  from 
plethysmographic  observation.  The  means  for  localizing  the  effc^'* 
centrally  or  peripherally  will  be  discussed  as  occasion  arises. 

REACTIONS  WHICH  RAISE  THE  TEMPERATURE  (PYRETICS) 

Any  increase  of  hcai  production  or  diminution  of  heat  loss  wquW 
tend  to  raise  the  temperature;  but  ordinarily,  the  tendency  is  offset  by 
compensatory  reactions.  A  significant  rise  of  temperature,  rt.,  fev^ 
will  occur  only  if  the  change  exceeds  the  capacity  of  compensation^ 


BEAT  REGTIATIOK 


S55 
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y  be  cmvised  by  &  fau^e  aumbcr 
oniv  %  fev  of  these 


faoor.  This  bnak  id  compensatioo 
of  agcncks,  actjng  throogfa  different 
need  to  be  cJODsidered  here. 

Heat  PUDCtnre. — Tbe  essential  ckmoit  of  "panctnre  fe%Tr'^  seems  to 
ix  iacreascd  beat  productioa,  by  increased  carboa  metabotbzn,  cspedally 
)f  hqxtic  glycogen.  The  compensatory  heat  loss  b  not  adequate;  but 
IttnoC  fcaown  whether  this  disturbance  is  direct  or  indirect. 

1  OO;  Ukhe^  amd  AroaaolM  and  Sftc^  i$84  ^  *^$*  Mubr 
Dvoed  tkftt  B  Mab  nto  the  ooipon  striata  of  rabbits  caases  a  rise  of 
Uitii^  IB  a  IcT  boon,  icadoag  a  coaaidoabk  bej^ic  aad  kstiiis  for 


l^chaic  ia  Arofiaoba  aad  Sadtt).    Tiae  dfect  caa  th»  be  repeated  tn  a  fresk  nuctart 
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«t  (ds  if  tbe  dnmartioo  is  esctensiTe.    1 1  can  abo  lie  rvofced  by  eiectxic 
hit  legioB,  9o  tint  it  ooesists  etideatly  in  Ike  siimtdali$m  tfmfmmOi 

Sd4$i9m  #/  Be*s  Pr^dt^itm  amd  Disrip^iam. — Calorimetric  mniiMiftC  i  sbMr  that 
beriKiftdaetoiacjcasedbeatpnMliKtionCRichet,  ift^s),  with paiqUonipcaair Bin  by 
mciKd  heat  loas.  During  the  ascent,  the  heat  (onnatioii  and  looa  art  bott  iacnaaed, 
lut  the  looa  bs  behind.  When  the  high  level  is  reached,  the  beat 
Qoewhat,  and  the  dbsapatoa  increases,  so  that  the  teapcfature  lunaoonstaat. 
bedeiceot,  both  decrease,  but  especially  the  beat  (onnation  (Scholtae,  iSgo). 

iftckamism  of  Ike  Increased  Hect  Prodmctu^n. — This  is  due  to  increased  ouboa 
Miabolisas  (increased  COt  excretion).  The  nitrogen  excretion  may  abo  be  increased* 
•Ut  this  is  not  essential,  and  is  probably  secondare-  to  tbe  h>-perpvTrm. 

The  rise  occurs  in  curalizcd  animals  iHirsch  and  Muetler,  iooj('>  so  that  the  nnttcabr 
DeUboUsm  ts  not  essential,  though  it  may  play  a  part.  Glycttgvn-free  sniltwh  do  not 
how  a  rwe  '^RoUy,  1903).  The  liver  temperature  is  high.  These  fact*  indicate  that 
Kit  puncture  acts  mainly  by  Increasing  ihe  hepatic  metabolism.  Walbaum.  101.^. 
lowevcr,  beliexxs  that  the  main  factor  b»  central  stiraulalioD  of  the  culancim^  vessel*, 

MeguLuioM. — The  uniform  course  of  the  temperature  shows  that  the  disturbed 
>UKtions  have  struck  a  balance — in  other  words,  that  there  is  some  *' ref^latton." 
^eo  the  temperature  is  lowered  artiticiolty,  by  e^ctemal  cold  or  by  antipyretics,  it 
OOG  recovers  its  former  high  level  (Schultze). 

Th«  Ponto-bolbar  "Center." — Tschedschichin,  1866.  observed  that  the  terapcra- 
we  rises  when  a  section  is  made  at  the  junction  of  the  pons  and  medullu;  the  same 
'^t  foDowa  electric  stimulation  of  this  region  (Hcidcnnain,  1S70)  and  irritation  of 
'^its  other  parts  of  the  midbrain. 

The  Hyperpyrexia  of  Infection. — The  essential  element  of  infective 
icver  appears  to  be  a  disturbance  of  the  central  lone  of  the  cutaneous 
i'wscb,  making  the  heat  loss  absolutely  or  relatively  inadequate.  The 
^t  production,  and  particularly  the  niirogen  metabolism,  are  generally 
increased;  but  this  is  not  essential,  and  does  not  e.xceed  the  limits  which 
^  easily  compensated  m  normal  aniipals. 

Boit  ProdHftion. — In  the  ascent,  this  is  generally  increa-sed;  but  it  may  be  normal  or 
•yea  diminished.  The  same  holds  true  for  the  plateau.  In  the  descent,  it  is  generally 
^munisbcd,  particularly  if  the  fall  occurs  by  Ij-sis. 

Increased  heat  production  is  therefore  a  characteristic,  though  not  a  constant  feature 
*f  the  rise;  but  this  does  not  prove  that  it  is  the  essential  cause  of  the  rise.  The  greatest 
Jjcrease  is  witnessed  in  the  initial  chill,  and  is  largely  due  to  the  shivering  mtivcmcnls. 
Itociu**  disappears  as  the  temperature  rises;  but  now  the  increased  activity  of  the 
^rt  and  respiration  furnish  further  causes  for  increased  beat  production.  I'hc  higher 
*nipcraturc  of  the  body  must  also  accelerate  oxidation.  The  toxins  of  the  infections 
■Jidoubledly  cause  more  or  less  cell  destruction,  and  this  material  must  be  o-xidizcd. 
1  large  share — possibly  all — of  the  increased  heal  production  i?  thus  purely  incidental; 
Ad  whilst  it  doubtless  facilitates  the  rise  of  temperature,  it  can  not  be  considered  as  the 
vtntial  clement. 

The  .litf  of  Ihr  hrot  produrtion  is  the  same  as  in  normal  animals;  for  the  temperature 
ic  internal  organs  show  the  sjimc  relation  as  in  health — the  liver,  for  instance,  Ix-ing  the 
Fnwn  this  it  can  be  affirmed  that  the  glands  and  muscles  both  participate 
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in  the  increase^  but  not  necessarily  in  the  normal  ratio — presumably  this  would  diS 
according  to  circumstances. 

Oxidation. —The  energy  for  tbc  increased  heal  production  is  furnished  by  oxidat 
changes;  and  with  adequate  food,  the  main  source  consists  of  non-nitrogenous^  mate 
The  Klycogen  in  particular  tends  to  disappear.     However,  the  nitrogen  meiaboli 
shows  a  charactenstic  relative  increase  from  a  number  of  causes. 

Total  Nitrogen  Exrretiitn, — Increased  nitrogen  metabolism  is  a  nearly  constant  fi 
turc  of  infective  fevers.  The  increase,  however,  does  not  run  parallel  to  the  fever; 
may  start  before  or  after  the  rise;  and  it  generally  reaches  its  maximum  after  the  fc 
has  started  to  decline.  It  must  therefore  be  an  incidental,  rather  than  an  e^senl 
feature  of  the  process. 

Explanation  oj  the  Fenrile  Increase  of  yitrogcn  Afctabolism. — The  increased  nitrof 
excretion  denotes  increased  tissue  destruction.  Simple  overheating  also  increases  I 
nitrogen  excretion,  but  relatively  much  less  than  in  fever.  A  part  may  be  accounted 
by  the  partial  inanition,  which  is  so  commonly  enforced  in  fever:  Indeed,  the  nitrogen 
loss  can  be  entirely  prevented  by  an  ample  diet;  but  to  do  this  requires  more  food  than 
in  health.  It  may  therefore  be  accepted  that  the  nitrogen  excretion  in  fever  is  alwav-i 
greater  than  that  for  the  same  diet  in  health.  This  leaves  as  the  only  explanation,  direct, 
toxic  effects  of  the  infective  agents,  leading  to  cell  destruction. 

InUrmrdiaie  Nitrogen  Metabolism. — Very  little  is  known  us  to  whether  this 
the  same  course  us  in  tlie  normal.     Presumably  it  is  somewhat  different;  for  the  u 
excretion  is  relatively  low  (though  the  absolute  value  may  be  high);  whilst  ammoma^ 
uric  acid,  purin  bases  and  creatinin  are  relatively  high.    The  urine  often  contains  creatia^ 
albumen,  acetone  bodies,  oxyacids,  etc. 

Protein-quotient  of  Serum. — The  albumin-gtobuun  ratio  of  the  serum  is  not  alle 
by  the  rate  of  nitrogen-metabolism;  for  it  undergoes  no  change  after  thyroid  odmini 
tration,  which  accelerates  metabolism;  not  after  quinin  or  sodium  cacodylate,  whJ 
retard  it;  nor  after  antipyrcsis  through  antipyrin  and  coal  tar  antIp>TeUcs  ( 
and  McQuarrio,  igiy). 

The  Course  of  Ueuit  Dissipation. — The  heat  loss  is  always  deBcient  in  infective  fi 
absolutely  or  at  least  relatively;  and  this  de6ciency  or  failure  of  the  heat  loss  to  cqid- 
pcnsute  the  heat  production,  must  be  considered  the  essential  factor  in  the  higb  U0- 
perature.  In  man,  these  changes  run  narallel  with  the  cutaneous  circulation — sptle. 
dry,  cold  skin  meaning  a  diminishea  heat  loss;  and  the  con^-erse  (Kraus,  i^ 
MaragKano,  i88S). 

In  the  ascent,  the  heat  loss  is  conspicuou.sly  decreased,  leading  to  the  characlcrtrti^ 
"chill"  (the  vasoconstriction  cooling  the  skin,  whilst  the  internal  temperature  ishijli'' 
During  the  continuance  of  the  fever,  the  loss  is  generally  increased,  absolutely, »  ** 
partly  to  balance  the  increased  heat  production — but  the  increase  of  heat  dissipation 
IS  small  as  compared  with  what  would  occur  if  a  normal  animal  were  producing  t^ 
same  amount  of  heat.  One  may  therefore  say  that  the  dissipation  remains  reUtrrcly 
decreased.  In  the  descent  of  temperature,  the  heat  loss  is  increased  relatively*  U  wdl 
as  absolutely.    This  is  the  main  element  of  the  "fall  by  crisis." 

Altered  Rfaction  of  the  Cutaneous  Vessels. — The  altered  behavior  of  the  cuIjiMOB* 
vessels,  which  seems  to  be  the  essential  element  of  fever,  finds  expression  in  othfr 
directions.  They  are  more  easily  affected  by  chemical  and  mecnanical  irritaboB 
(Bacumler,  1873);  they  constrict  more  strongly  in  response  to  reflexes  ( Heidenbiio); 
the;y-  are  apt  to  undergo  alternate  contraction  and  dilation,  with  little  apparent  caus«; 
a  slight  degree  of  cooling  produces  chilliness,  etc.  These  phenomena  all  indicate  that 
the  innervation  of  these  vessels  is  disturbed. 

A  nhydremia. — Fever  is  often  paralleled  by  diminished  water  content  of  the  Wood.  *^ 
indicated  by  increased  solids  and  hemoglobin.  This  would  interfere  with  Derspiratiofl 
and  thus  with  heat  dissipation.  Conversely,  the  injection  of  dextrose  tends  to  DCinD* 
pyretic  bv  producing  hydremia  (Barbour  and  Howard,  1920).  This  may  be  ihtbts** 
of  the  old  use  of  alkalies  as  "refrigerants. 

Heal  Regulation  in  Fever, — ^The  fact  that  heat  regtilation  is  disturbed^ 
because  one  or  more  of  its  factors  are  disturbed — does  not  mean  that  v^ 
regulation  is  abolished.  The  disturbed  functions  will  eventually  find  * 
new  level,  so  that  fevers  generally  nin  a  more  or  less  regular  course-^ 
which  implies  an  adjustment.  Any  adventitious  change  will  alter  tlus 
adjustment,  generally  In  the  same  direction  as  in  normal  animals. 

Fevers  therefore  show  the  normal  daily  variations,  the  rise  during  the  day,  and  ikf 
fall  during  the  night;  although  these  variations  may  be  smaller  or  larger  than  nomul* 
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Ani6cial  cooling  and  benting  and  the  administration  of  antipyretics  provoke  the  same 
compensatory  reactions  as  in  health,  though  these  arc  less  effective.  The  febrile  tem- 
perature can  therefore  be  more  easily  lowered  or  raised,  the  changes  are  more  extensive 
and  more  lasting;  but  when  left  to  itself,  the  temperature  will  tend  to  assume  it&  original 
febrile  le\'ci.  It  might  therefore  be  said  that  the  temperature  of  fever  is  adjusted  to  a 
higher  level  (Licbenncister);  which  means  nothing  more,  however,  than  this:  that  when 
the  altered  functions  become  constant,  the  resulting  temperature  must  also  become 
constant. 

Localizing  of  the  FehriU  Process. — Considering  fever  as  being  essentially  due  to  dis- 
turbed innervation  of  the  cutaneous  vessels,  the  site  of  action  would  presumably  be 
the  centers  controlling  the  tone  of  these  vcswls.  In  accordance  with  this  it  is  found  that 
fever  does  not  occur  when  these  centers  are  cut  off  by  high  section  of  the  cord,  or  if 
they  are  paralyzed  by  deep  narcosis,  or  even  if  they  arc  dcprcscd  by  the  antipyretics. 

Heat  Centers  in  Anaphylaxis. — In  sensitized  animals,  the  injection  of  the  specific 
swum  into  the  heat-puncture  region  produces  fever.  This  does  not  occur  in  normal  or 
ivununixcd  animals.  The  centers  therefore  arc  specifically  sensitized  in  anaphylaxis 
(Hishimoto,  IQ15). 

Comparison  of  Heai  Puncture  and  Infective  Fevers. — These  two  forms  of  fc^'er  have 
considerable  resemblance.  Both  may  show  increased  heat  production  with  inadequate 
heat  loss;  but  in  puncture,  the  production  seems  to  preponderate,  in  infections,  the  dis- 
turbance of  heat  loss.     Both  forms  are  central;  both  react  similarly  to  antipyretic  drugs. 

Indirect  Hyperpyretics. — Quite  a  large  number  of  substances  are  apt 
to  set  up  fever,  particularly  on  subcutaneous  injection  in  rabbits;  and  in 
infants,  in  which  the  temperature  is  more  labile.  To  this  class  belong 
plain  saline  solution  or  plain  water,  albimiose,  egg-wliite  and  other  pro- 
teins, irritants,  etc.  Many  of  these  produce  albumosuria  (Krehl)  and 
they  probably  act  by  causing  tissue  decomposition,  with  the  formatioa 
of  products  (albimioRcs,  etc.)  which  act  similarly  to  infections. 

Tetra-hydro-Beta-Naphthylamin. — This  substance  produces  a  very 
considerable  rise  of  temperature,  with  increased  heat  production  and  di- 
niinished  heat  loss.  It  is  not  known  which  is  the  essential  element.  The 
h>'pcrthermia  differs  from  infective  fever  and  heat  puncture  in  that  it  is 
Dot  reduced  by  the  ordinary  antipyretics,  but  only  by  profound  narcosis. 

Compesilum,  Dosage  and  E^iency. — The   substance  has  the  structural  formula 

H       H, 

h/\/\h. 


"vyC, 


IV subcutaneous  injection  of  0.04  to  0.05  Gm.  raises  the  temperature  fo  rabbits  several 
•fcRrecs,  the  rise  starting  in  an  hour  and  persisting  over  four  hours;  hut  it  fails  com- 
pl^cly  in  some  animals.  Dogs  react  similarly.  In  man,  non-toxic  doses  do  not  produce 
rise. 

The  pyretic  efficiency  of  various  derivatives  has  been  studied  by  Waser,  19x9.  The 
'■ooomethylated  base  is  more  active  than  the  ordinar>'  "tetra." 

The  phenomena  have  been  extensively  studied  by  R.  Stern,  1889  and  i8go;  Hale 
^te,  i8g2,  Sachuroff.  iqoq;  A.BlacJc;  1911;  Keri,  igii.and  others,  but  without  clearing 
^  the  mechanism  of  its  action.  Cloetta  and  Waser,  1913,  have  investigated  its  deriva- 
tives to  compare  the  structure  and  actions. 

Qiher  Actions. — Aside  from  the  rise  of  temperature,  it  produces  dyspnea  and  reat- 
■*ne8B,  sometimes  convulsions.  It  revives  rabbits  from  light  chloral  sleep  <.\irila. 
*9U}-  It  wakens  even  decerebrated  animals  from  chloral  sleep — whilst  cocain  and 
^aa  have  this  effect  only  on  normal  animals  (Morita,  1915].  It  also  has  impor- 
|*Qt  sympathomimetic  actions  (Jonescu,  1909):  Stimulation  of  the  cervical  sympathetic 
Wydriasis,  exophthalmos);  a  general  vasoconstriction  invnUnng  both  cutaneous  and 
•Wemic  vessels  (rise  of  blood  pressure),  mainly  of  peripheral  origin.  It  has  a  moderate 
peripheral  dilator  effect  on  bronchioles  (Jackson,  1014).  Elliott,  1Q14,  describes  the 
npid  production  of  gastric  ulcers  in  rahbiL**  from  h>'podermic  injection. 

Hyperglycemia  occurs  only  with  doses  that  render  the  animal  restless  (Corral.  igi8). 

Afei^hanism  0/  Pyrcsis. — Calorimetric  observations  show  increased  heat  production 
sod  diminished  heat  loss.    The  latter  is  perhaps  explained  by  the  vasoconstriction;  and 
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the  increased  heat  production  may  possibly  be  ascribed  entirely  to  the  increased  mi 
movements.  In  accordance  wito  this,  the  carbon  dioxid  excretion  is  greatly  increased, 
whilst  the  nitrogen  excretion  is  but  little  affected.  The  heat  production  is  apparently 
the  main  clement  in  the  rise,  for  curarixed  or  deeply  morphinized  or  etherized  animafs 
do  not  respond  to  the  drug  (Mutsch  and  Pembrey,  191  r).  The  action  must  be  above 
the  medulla,  for  no  fever  occurs  if  the  carotids  have  been  blocked  by  paraffin  (Ottaad 
Scott.  1008). 

To  this  extent  therefore  the  effects  resemble  those  of  heat  puncture,  but  whibt  thtj 
puncture  fever  is  readily  lowered  by  antipyretics,  none  of  these,  i.e.,  quinin,  antipyriniB 
etc.  or  small  dose*  of  morphin,  have  any  marked  cflfect  on  the  letra-fever  (Fcri,  1911!. 

Cocain  Hyperthermia. — The  effects  of  cocain,  so  far  as  they  have  been 
analyzed,  appear  to  agree  with  those  of  Tetra-hydro-naphthylamin.      ■ 

The  rise  of  temperature  is  due  essentially  to  increased  heat  production,  mainly  from    ' 
increased  movements,  for  these  go  parallel  (Richet  and  Langlois);  and  the  rise  cwibc 
prevented  b^'  curare  or  chloral,  but  not  by  the  ordinary  antipyretics  (Mosso).    Thelieat 
dissipation  is  slightly  increased 

The  cocain  fever  docs  not  occur  after  excision  of  the  caudate  nuclei,  suggesting  tbil 
its  action  is  at  least  in  part  upon  the  same  nervoOs  centers  which  are  concemnl  is 
"heat  puncture." 

Atropia  Hyperthermia. — This  may  fairly  be  attributed  to  the  muscular  exdteneot, 
and  to  the  bupprcssion  of  sweat. 

Caffein  Hyperthennia. — I^rge  doses  of  caffein  produce  a  slight  degree  of  frver 
(Binz.  1878;  Pilcher.  igii).  This  could  be  explained  by  the  increased  muscular  toot 
and  by  the  dilation  of  the  intestinal  and  consequent  constriction  of  the  super&ciil 
vessels. 

Muscular  Exercise. — AU  muscular  movement  increases  the  production  of  heat  lo 
health,  this  h  nearly  compcni^ated  by  increa«ed  heat  loss  (sweating,  etc.),  so  that  tlx 
temperature  is  but  little  increased 

Convulsants. — M  convulsant  poisons  Csantonin,  picrotoidn,  str>'chnin)  prodoce 
characteristic  changes  in  heat  regulation.  Small  doses  cause  increased  heat  los«  md  1 
slightly  smaller  heat  production.  Larger  doses  cause  increased  metabolism,  thrount 
muscular  action,  and  hence  increased  beat  production,  which  is  accompanied  by  » 
further  increase  of  heat  loss.  Paralj'tic  doses  aiminish  the  heat  production  vcr>-  grniily- 
The  Utmberature  is  accordingly  variable:  Small  doses  tend  to  lower  it;  modcratewa- 
vulfiive  doses  would  increase  it;  paralytic  doses  lower  it  greatly.  The  heal  loss  i*  pw- 
ticularly  conspicuous  in  small  and  young  ammals,  whilst  larger  animjils  tend  to  show* 
rise  of  temperature;  with  moderate  doses  (Harnack,  iqoi).  In  traumatic  l«uiiu*] 
thermic  fever,  etc.,  the  temperature  may  rise  greatly,  usually  when  there  is  a  genew 
disturbance  of  heat  regulation. 

Excessive  External  Heat. — This  dtmini.<;hes  the  heat  dissipation,  and  thereby  to»s 
to  raise  the  temperature.  This  calls  forth  the  compensatory  reactions — swMtinfr 
cutaneous  hyperemia,  quickened  respiration,  ftc,  mainly  through  the  direct  actions 
thchciited  blood  on  the  centers  {(!.g.,  Moorehousc.  ion).  This  wii-in  when  theintem*! 
temperature  dcp;irts  but  a  fraction  of  a  degree  from  the  normal;  about  as  reidily  f 
fevprs  as  in  health.  The  compensation  is  more  or  less  effecti\x  for  a  time.  WbM* 
breaks,  there  results  the  phenomena  of  "thermic  fever." 

REACTIONS  WHICH  LOWER  THE  TEMPERATURE  fANTIPYRETICSl 

The  temperature  may  be  lowered  by  anything  that  lessens  "heat  pf^ 
duction  or  increases  heat  loss.  Here  again,  as  the  temperature  tends  to 
fall  below  normal,  compensatory  reaction  are  set  up,  which  ordinarily 
sufhce  to  keep  the  temperature  at  the  normal  level.  Indeed,  il  is  highly 
difficult  to  depress  the  temperature  materially  below  the  normal,  except lO^ 
means  which  effect  profound  and  extenf^ive  changes,  such  as  deep  narcofl^ 
general  vasomotor  paralysis,  or  other  collapse  conditions. 

On  the  other  hand,  it  is  relatively  easy  to  lower  an  abnormally  hig^' 
temperature;  for  this  coincides  with  the  natural  tendency  to  return  to  ilKj 
normal  phpsiological  state — a  tendency  which  must  be  always  present 
even  in  fever,  although  it  is  not  effective  unless  supported  by  extrao 
means. 
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Accordingly,  the  practical  antipyretics  become  such  only  when  the 
.emperalurc  is  excessive.  They  have  very  little  influence  on  normal 
:emperature,  partly  because  their  effects  would  result  in  more  powerful 
:ompensalions  and  partly  also  because  the  primary  effects  themselves 
ire  less  powerful  when  they  have  to  overcome  a  normal  state,  than  when 
they  are  assisting  an  abnormal  state  to  the  normal. 

Response  of  Slight  Hyperpyrexia. — The  increased  response  to  anti- 
pyretics is  not  confined  to  high  temperatures,  but  occurs  also  in  infections 
when  the  temperature  averages  but  little  above  normal,  such  as  chronic 
tuberculosis,  osteomyelitis  and  emphysema  (Barbour,  1919). 

Action  of  Therapeutic  Antipyretics. — The  therapeutically  available 
antipyretics  act  in  several  distinct  ways:  The  application  of  cold  (baths, 
etc.)  results  in  the  direct  abstraction  of  heat;  antipyrin^  acetanilid,  phenace- 
iin,  etc.,  increase  heal  dissipation  by  dilating  the  cutaneous  vessels;  their 
action  is  central  and  consists  presumably  in  a  specific  depression  of  the 
o:nlral  tone  of  these  vessels.  Quinin  diminishes  heat  production  by  a 
direct  (peripheral)  depression  of  nitrogenous  metabolism.  Aconite  and 
veratrum  probably  lessen  heat  production  by  slowing  the  circulation. 

Rdation  to  Hrat  CerUtrs. — All  the  antipyretics  depress  temperature  very  effectively 
when  applied  directly  to  the  caudate  nuclei  (see  page  449).  Wnen  the  central  control  is 
excluded,  quinin  is  stilt  antipyretic,  while  antipyrin  and  salicyl  tend  to  raise  the 
temperature  (Iscnschmidt,  19:^;  Barbour  and  Denning,  igij). 

Hyper glvfcftnia  atui  Hydtcmia. — Several  antipyretic  drugs,/.;,  salicylates,  quinin, 
Mitipyrin  produce  hyperglycemia  in  dogs,  both  normal  and  febrile.  In  febrile,  not  in 
twrmal,  dogs  this  is  accompanied  by  hydren:iia  and  fall  of  temperature.  The  hydremia 
ncmid  facilitate  heat  dissipation  through  evaporation,  througn  respiration,  and  in  man 
by  the  perspiration  (Barbour  and  Herrmann,  1920). 

External  Cold. — Regulation  against  external  temperature  is  effected,  in  the  first 
pUcc.  by  refiex  constriction  of  all  the  cutaneous  vessels.  This  in  itself  produces  the 
sensation  of  chilliness.  If  this  physical  regulation  is  not  effective,  the  chemical  regula- 
tion sets  in.  the  heat  production  being  increased  by  involuntary  shivering.  Indeed,  the 
c&rbon  dioxid  and  heat  production  are  increased  before  it  comes  to  visible  movements, 
by  a  mere  increase  of  "tone." 

Vigorous  indiNnduala,  when  the  external  cold  is  withdrawn  in  lime,  usually  present 
•  "reaction,"  with  cutaneous  h\'peremia,  etc. 

Febrile  patients  compensate  against  cold  by  the  same  mechanisms  as  the  normal; 
bot  ihe  compensation  is  not  as  effective,  so  that  abnormally  high  temperatures  are 
reduced  more  readily. 

Quinin. — Therapeutic  doses  have  little  or  no  effect  on  normal  tem- 
perature. The  same  doses  lower  febrile  temperature  (although  not  quite 
aj  effectively  as  the  antipyrin  group).  The  mechanism  of  action  consists 
primarily  in  diminisheri  heat  production,  through  limitation  of  the 
nitrogenous  metabohsm.  This  is  especially  marked  in  fever.  This 
action  of  quinin  is  peripheral,  f.t.,  directly  on  the  heat-producing  foci. 

The  diminished  heat  production  tends  to  set  up  secondary  changes, 
particularly  a  Hmitation  of  the  heat  loss.  These  are  adequate  to  preser\'e 
the  normal  temperature;  but  in  fever  they  respond  ver>'  imperfectly,  thus 
•ccounting  for  the  fall  of  temperature  (Literature,  S.  Weber,  1904). 

In  malaria,  and  possibly  in  some  other  infections,  the  superior  efficiency 
of  quinin  is  due  to  its  specific  destructive  effect  on  the  infectious  agent. 

Large  doMS  of  quinin  (not  necessarily  toxic)  lower  even  the  normal  temperature, 
lometimes  with  a  preliminary  rise.  Toxic  doses  lower  the  temperature  propctrtional  to 
\he  collapse  which  they  induce. 

The  rdaiion  of  hmt  production  and  heat  loss  leUh  normal  and  febnle  temperature  is 
fell  shown  in  the  following  quantitative  data  from  the  calorimetric  experiments  of 
«<>ttlieb,  [Sqi: 
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Heat  Production. — This  is  diminished  in  normal  animals  and  much  more  in  fi 
The  decrease  concerns  pructiciilly  exclusively  Iht;  nitrogen  meLaboU'*ni. 

Sitro^cn  Mtlabalism. — This  is  diminished  quite  materially  by  small  doses,  tvenl 
normal  animals;  with  large  doses  the  redaction  may  reach  39  per  cent.     The  reduction 
is  often  preceded  by  a  primary  rise.    The  decrease  is  markedly  greater  in  fever.    The 
ratio  of  urea  to  total  nitrogen  is  not  altered  by  moderate  doses  (Prior,  1884).     One  would 
bo  tempted  to  ascribe  this  diminution  of  nitrogen  to  the  diminished  utilization  of  food. 
Although  this  undoubtedly  plays  a  part,  the  diminished  excretion  is  out  of  all  propc 
tion,  so  that  the  nitrogen  content  of  the  body  increases.     Large  doses  of  ciucnonid 
have  a  similar  action. 

Oxidation, — This  marked  infiuence  upon  nitrogen  metabolism  is  in  conspicuous 
trast  to  its  want  of  influence  urwin  oxidalion.  The  quantity  of  oxygen  absorbed  ^ 
COj  given  off  is  practically  unaffected  by  medicinal  doses  (up  10  1.5  Gm.).  There  b 
shght  increase,  but  not  more  than  can  be  accounted  for  by  the  excitement,  chilliness, et 
The  abnormally  high  gaseous  metabolism  of  fever  is  reduced  to  normal  by  quinii);N 
this  is  probably  the  result  of  the  antipyretic  effect  (Strassburg,  1S74). 

SUro^en  Metabolism  as  a  Sourrc  of  Jinerjiy. — The  fact  that  quinin  lessens  h* 
production  without  lessening  oxidation  is  interesting.  We  arc  accustomed  to  la; 
upon  the  excretion  of  CO*  as  an  index  of  chemic  changes  resulting  in  the  libenl' 
of  energy  and  consequently  of  heat;  and  the  excretion  of  CO3  is  not  affectc;d  by  quini 
But  since  the  calorimeter  shows  «>nclusively  that  the  production  of  heat  is  dimini 
by  it,  es{>ecially  in  fever,  it  follows  that  oxidation  is  not  the  only  source  of  heat^  that 
mav  also  be  Ulcerated  by  other  changes  — by  the  splitting  or  hydration  of  mtrogei 
molecules,  iu  the  course  of  which  the  nitrogen  is  converted  into  urea;  and  that  ihi 
changes  arc  those  which  arc  hindered  by  quinin.  The  reduction  by  quinin  wotJ 
naturally  be  greater  when  this  nitrogenous  metabolism  is  excessively  high,  as  is  the 
in  fever. 

Hfai  Loss. — In  normal  animals,  this  is  variable,  generally  slightly  increased  I 
cutaneous  vasodilation.     In  fever,  the  heat  loss  generally  undergoes  very  little  chanl 

The  cssfntial  share  of  the  diminished  heat  production  is  also  demonstrated  in  mv 
other  ways;  The  quinin  fall  occurs  even  when  the  factor  of  heat  loss  is  practiod 
eliminated  by  high  external  temperature  (Lc^vitsky,  i86q);  it  occurs  when  vanatkK 
in  the  cutaneous  circulation  are  excluded  by  high  section  of  the  spinal  cord  (Naui4 
and  Quincke,  iS6g);  indeed,  it  is  here  even  more  marked,  because  it  can  not  be 
pensated  by  diminished  heal  loss. 

Thf  Actioti  of  Quinin  is  PeripfuraL — This  is  shown  by  the  obsen'alioD  of  Binz,  i^! 
that  quinin  prevents  the  postmortal  rise  of  temperature  which  ordinarily  occurs  wli 
the  spinal  cord  is  divided  and  heat  loss  is  prevented.  This  conclusion  is  aUo  in  hanool 
with  the  fact  that  quinin  is  a  general  protoplasmic  poison,  reducing  the  raetabolil 
(for  instance  the  hippuric  acid  synthe^s)  in  perfused  organs,  lessening  the  oxidatioii 
excised  mu.scle  (Senta,  iqo8).  and  retarding  the  action  of  ferments  generally — whick 
course  pljiy  an  important  rdlc  in  the  chemic  changes  by  which  heat  is  Uberatcd- 

Effed  OH  Compensatory  Mechanism. — The  fact  that  the  normal  temperature  is  D 
lowered  by  quinin  shows  that  it  does  not  impair  the  normal  compensation.  This 
effected  by  two  means:  increased  carbon  metabolism  and  diminished  heat  lou. 

Efficimcy  in  Ileal  Puncture. — It  is  often  affirmed  that  quinin  is  relatively  incffecti'! 
in  heat  puncture^  but  the  table  shows  that  it  is  fairly  effective.     Not  much  weight 
be  attjidied  to  slight  quantitative  differences. 

Acetanilid,  Phenacetin  and  Antipyrin. — These,  as  aiso  their  numenrt 
derivatives,  and  the  whole  series  of  "coal-tar  antip\Tetics,"  act  ess«l 
lialiy  alike,  so  far  as  is  known.  Their  gross  effect  on  temperature  is  simill 
to  that  of  quinin:  Therapeutic  doses  have  little  or  no  effect  on  nornM 
temperature;  in  fever,  the  same  doses  reduce  the  temperature  toward 
to  normal.    The  mechanism  of  their  action,  however,  is  quite  diffe 
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ram  that  of  quinin.  Their  primary  effect  consists  in  dilating  the  cuta- 
leous  vessels  and  thus  increasing  heat  loss;  the  action  being  central,  pre- 
umably  a  specific  depression  of  the  centers  which  control  the  tone  of  the 
uianeous  vessels.  Tliis  entails  secondarv'  changes  in  heat  production, 
Ic,  which  suffice  to  prevent  the  temperature  from  falling  below  the 
onnal  level,  but  which  are  not  sufficient  to  prevent  the  fall  io  normal. 

Ufie  doses  cause  considerable  fall,  even  of  the  normal  temperature,  with  evidences 
collapse. 

Therdation  of  keal  production  and  heal  loss  may  again  be  illusirated  by  the  calori- 
nric  data  of  Gottlieb,  i8qi.  A  comparison  of  this  table  with  that  for  quinin  (ace 
ovel  shows  at  once  the  striking  differences  which  were  cmphasucd  in  the  preceding 
iph. 
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BtaS  Loss.— Thi&  is  considerably  increased  in  normal  animals,  and  the  increase  is 
rwai  times  greater  in  fever  (see  the  preceding  tabled 

Beal  ProduitioH — The  calorimctric  data  show  a  moderate  compensatory  increase, 
«  naarked  at  normal  temperature  than  in  fever.  The  mctabohsm  data  arc  con- 
Ldictor>'  (Review,  S.  Weber.  1004).  Excessive  doses  (0.75  Gm.  in  rabbits)  diminish 
It  production,  presumably  by  incipient  collapse. 

yUrogen  Metabolism. — With  therapeutic  doses,  and  normal  temperature,  the  results 
!  variable,  generally  negative  or  some  fall.  Large  doses  often  increase  the  nitrogen 
ETction,  especially  in  man.  In  fever,  therapeutic  doses  decrease  the  excessive  nitrogen 
stibolism. 

Carbon  Dioxid  Metabolism. — Therapeutic  doses  with  normal  temperature  produce  no 
use  or  some  decrease.  Larger  doses  (2  to  3  Gm.  of  antipyrin  for  man)  produce  a 
lalTbut  unmistakable  decrease  in  both  gaseous  exchange  and  nitrogen  excretion  (ind- 
nt  Doltapse?).  The  effect  on  carbon  dioxid  metabolism  is  also  inconstant  in  fever: 
Krapeutic  doses  may  somewhat  increase  or  diminish  the  COi  excretion,  or  leave  it 
Ictically  unchanged. 

Ajler  the  fall  of  temperature  has  set  in,  the  carbon  and  nitrogen  metabolism  are 
ttimonly  lowered.  This  may  be  ascribed  to  the  removal  of  the  hyperpyrexia,  for 
rtaboLism  is  naturally  less  active  at  the  lower  temperature. 

.Inlipyrin,  and  especially  Phenacctin  and  Acctanilid,  decrease  the  arterial  oxygen; 
fCOtia  less  changed  (Piccini,  1912). 

The  respiration  of  excised  muscle  is  not  affected  by  antipyrin  (in  contrast  to  quinin 
dsalicylate)  unless  very  high  concentrations  are  used  (Senta,  iqoS). 

Mechanism  of  the  Fall  of  Temperature. — The  constant  feature  in  the  action  of  the 
tipyrin  group  is  the  increased  heat  loss;  and  this  must  therefore  be  considered 
tH*afit*  clement  in  their  antipyretic  action.  The  inconstancy  of  the  variations  of 
c  htat  production  indicates  that  these  are  secondary  results. 

Mcrhinism  of  the  Increased  Heat  Loss. — This  might  occur  through  an  increased  pro- 
ction  nf  sweat,  or  by  exposing  a  larger  amount  of  blood  to  the  cooling  influence  of  the 
ntiandings  by  dilatation  of  the  cutaneous  vessels.  In  the  case  of  this  group  it  {3  accom- 
il*ed  by  the  latter  means. 

The  clilitation  may  be  deduced  from  the  hot  and  reddened  skin;  it  can  be  plainly 
'»wn  by  the  plethyamograph  (Maragliano,  1880}.  And  since  the  reduction  occurs  even 
cratropin,  which  suppresses  the  secretion  of  sweat,  the  latter  is  not  essential.  The 
<t>dil4tiU&n  is  canfimd  b)  the  cutaneous  vessels,  and  this  is  important,  since,  if  the  blood 
BeU  in  the  remainder  of  the  body  were  also  dilated,  the  drculation  through  the  skin 
uld  be  diminished  rather  than  increased.  This  limitation  of  the  vasodiktation  to  Ihc 
;ion  concerned  with  the  regulation  of  temperature  also  indicates  that  the  action  is 
itnl. 

Lacalizaiion  oj  Action, — Antipyrin  does  not  lower  the  temperature 
er  high  section  of  the  spinal  cord  (Sawadowski,  1888;,  even  if  the  tcm- 
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perature  is  artificially  raised  by  external  heat.    Tlus  constitutes  a  con- 
spicuous difference  from  Quinin,  which  latter  is  effective  under  these 
conditions.    The  result  shows  that  the  vasodilator  action  of  antipyria  _ 
is  located  above  the  spinal  cord.  ■ 

Antipyrin  also  does  not  increase  the  natural  rate  of  fall  which  occurs  H 
when  the  brain  is  divided  at  the  posterior  margin  of  the  corpora  striata. 
This  might  mean  thai  its  normal  action  is  above  this  region;  but  we 
know  too  little  about  the  results  of  this  operation  to  make  conclusion*. 
safe. 

Antipyrin  does  not  interfere  with  the  normal  compensation  against 
increase  of  external  temperature;  in  fact,  it  renders  the  comp>ensalion 
rather  more  efficient.  This  goes  to  show  that  its  action  docs  not  consist 
in  a  depression  or  narcosis  of  heat  regulation  as  such.  (Toxic  dosw, 
however,  render  the  compensation  less  perfect — a  natrual  result  of  exten- 
sive toxic  action.) 

Natttre  of  Action. — A  priori  there  are  several  possibilities; 

1.  A  direct  action  (presumably  depressant)  on  the  center  presiding  over  the  tone  or 
the  cutaneous  vessels.  This  would  be  more  marked  in  fever,  because  it  would  coioddc 
with  a  spontaneous  tendency. 

3.  Depression  of  the  hypothetical  specific  heat  regulating  centers.  This  would  be 
more  marked  in  fever,  because  the  "e.xcited"  centers  are  more  subject  to  fatigue  sod 
hence  to  depression. 

J.  Restoration  of  the  abnormally  high  "pitch"  of  the  specific  regulating  centers l» 
their  normal  pitch  (Richter). 

The  first  explanation  accounts  for  all  the  facts  so  far  established;  the  others  wrould 
fall  with  the  superfluous  conception  of  specific  heat-regulating  centers. 

Salicyl. — The  antipyretic  action  is  of  the  acetanilid  type,  ».«..  by  in- 
creased heat  loss. 

In  normal  man,  at  complete  muflcular  rest,  i  Cm.  of  acetyl-salirylic  acid,  jwodoct* 
generally  some  increase  of  COi,  i.e.,  increase  of  heat  production;  the  heat  dissipation i* 
practically  unchanged;  the  temperature  does  not  fall. 

The  response  is  quite  different  in  febrile  falienls^  even  when  the  temperature  i> 
merely  unstable.  In  these  the  temperature  tails;  the  heat  dissijution  is  greatly  iH' 
creased  (by  .^S  per  cent.);  the  heat  production  is  slightly  decreased  (CO»  *»  —3.5  \^ 
cent.:  Barbour,  1919). 

The  nitrogen  excretion  is  primarily  increased  (Weber);  although  there  is  often  tltW 
decrease.     The  oxidation  of  excised  muscle  is  retarded  by  small  concentrations. 

Morphin,  Opium  and  Codein. — Small  doses,  according  to  Gottliebs 
1890.  acU  analogous  to  acetanilid,  i.e.,  by  increased  heat  loss  (cutaneotu 
hyperemia).  There  is,  however,  at  least  one  important  difference;  the 
fall  is  as  great  from  normal  as  from  febrile  temperature. 

Narcotic  Doses. — These  cause  a  much  more  marked  lowering  of  the  tempentui* 
(sometimes  this  may  be  preceded  by  a  slight  rise).  The  fall  may  be  as  large  W  -'C- 
with  laree  doses,  the  extent  depending,  however,  more  upon  idio.syncrasy  than  upoo  li* 
dose.  The  cooling  is  particularly  great  if  the  animal  isl  kept  tn  cold  surrouodinf^ 
The  cause  of  the  fall  is  a  diminished  heat  production,  which  may  be  reduced  by  80  p" 
cent,  in  extreme  caAcs,  reaching  its  minimum  in  the  third  hour.  The  heat  Iomi  iidimi"" 
Wished  (up  to  20  per  cent.),  partly  through  the  efTort  of  the  heat  centccs  to  compcnsif 
for  the  aiminishcd  production,  partly  through  the  depressed  circulation. 

Apomorphin.— This  disturbs  heat  regulation,  inhibiting  the  polypnea  and  slu\'eiiJit 
reactions  to  arti6cial  fever  (Magne.  iqu). 

Alcohol. — This  also  increases  heat  dissipation  by  dilating  the  cutaneoo* 
vessels.  This  warms  the  skin,  and  hence  produces  the  sensation  of  hcnt. 
but  the  internal  temperature  tends  to  fall.  Even  small  doses  thcrctorc 
lower  the  resistance  to  cold.     With  larger  doses,  the  compensator^'  heal 
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also  impaired,  and  tne  temperature  falls  rapidly.    This  is 
;  conspicuously  in: 

or  Chloroform  Anesthesia. — In  these,  some  fall  occurs  even  when 
It  is  protected  against  loss  of  heat,  showing  that  diminished  heal 
n  is  an  important  factor  (Scheinesson).  This  is  reflected  in  the 
:arbon  dioxid  production,  and  is  due  to  the  muscular  paralysis 
ased  muscular  tone.  In  the  final  stages,  the  dissipation  is  also 
d  by  the  failure  of  the  circulation,  but  this  is  not  sufficient  to  off- 
wered  production.  If  the  animal  is  not  artificially  heated,  and  if 
is  of  long  duration,  the  temperature  may  reach  a  verj-  low  level. 

isia  and  Operative  Procedures  on  Rabbits'  Temperature. — LAV.  Moore,  igiS, 
the  normal  temperature  of  rabbits  ranges  between  38.3  and  4i.4^C.,  averag- 

ie  animal  to  a  hoard  caused  a  fall  of  i  to  2°C.  in  i  or  3  hours,  after  which  the 
c  remained  stationar>-,  with  a  subsequent  rist-  of  0.5*  above  normal. 
■During  the  administration  tliere  was  an  average  fall  of  i.4°C.  with  a  subsc- 
}l  I*  above  normal. 

Oxid  caused  similar,  but  smaller  changes. 

ms  (trephining)  gave  on  average  fall  ofi.o^C.,  with  subsequent  rise  of  more 
>vc  normal. 
Comfrnsion. — This  produces  hyperthermia  identical  with  puncture-fever. 
iiRvably  by  stimulating  the  vasomotor  center  (in  common  with  other  centers), 
shing  heat  dissipation  by  contraction  of  the  surface  vessels.  Fatal  compres- 
ces  the  vasomotor  center,  and  the  temperature  then  falls  (Moore,  1919). 

atory  Collapse. — Any  reduction  of  the  circulation— whether 
r  vasomotor — lowers  heat  production,  and  also  tends  to  lower 
ipation,  since  less  blood  circulates  through  the  skin.  The  ad- 
rades  of  this  action  correspond  to  what  has  just  been  described 
tietic  coma.  The  slighter  grades  are  produced  therapeutically 
le,  Veratrum.  Colchicum.  Digitalis,  etc.,  but  practically  they  aj-e 
effective  unless  the  dosage  exceeds  the  safe  limit. 
oUapsc  phenomena  are  particularly  important,  because  febrile 
-especially  when  weakened  by  a  prolonged  infection,  with  their 
circulation  and  poor  heat  production — are  ver>'  subject  to  them, 
apse  may  result  spontaneously,  or  by  the  withdrawal  of  the 
,  effects  of  the  high  temperature,  or  by  antipyretics  in  doses 
ruld  not  be  dangerous  in  normal  individuals. 

jiure  Fall  and  Blood  Presmre  Fall. — These  run  Independently,  in  various 
illapfte.  In  the  slowly  progressive  collapse  of  dysentery  toxin,  the  central 
protecting  against  overcooIinR  is  disturbed  when  that  against  overheating 
:l  (Diehl,  iQJoJ. 

THE  TREATMENT  OF  FEVER 
Ditment  of  fever  has  always  been  tinctured  by  the  views  which  have  success- 
iled  concerning  its  nature.  When  fever  was  considered  mainly  as  a  subjcc- 
ion,  attention  was  directed  principally  to  the  sensations  of  heat  and  thirst, 
irosc  the  class  of  refri^rranls,  including  the  dilute  mineral  acids.  They  are 
now,  especially  carbonated  drinks,  in  conjunction  with  other  treatment, 
other  hand,  alkalies  and  organic  acids  have  been  used  to  counteract  the  tcn- 
idosis. 

lical  observation  came  more  into  fashion,  the  quickened  pulse  of  fever  6xed 
m  of  the  clinicians,  and  it  was  attempted  to  combat  all  the  coiKlitions  of  fever 
the  pulse.  The  so-called  class  of  cardiac  depressants  came  into  vogue.  They 
stances  acting  in  various  ways: 

and  veratrum,  producing  vagus  stimulation  and  general  fall  of  blood  pres- 
ialis,  producing  a  slowed  heart,  but  increased  blood  llow.  Nauseattts,  as 
tic,  actlne  secondarily  through  the  nausea.  Pata^sium  saUSf  v/hicb  have  a 
n  on  the  heart. 
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>Mien  the  thermometer  was  introduced  into  medictae,  and  it  was  reoognized 
an  elevation  of  temperature  was  the  best  index  to  febrile  conditions,  aniipyrdic 
ures  came  into  prominence. 

In  rcKurd  to  the  application  of  anlip>TCtic  measures  in  fever,  it  is  essential  to 
in  mind  that  they  have  no  direct  ejjccts  onjcvct,  except  upon  the  temperature. 

Exceptions  to  this  general  statement  are  the  actions  of  quinin  in  malaria,  of 
lates  in  acute  articular  rheumatism^  and  the  analgesic  action  of  the  coal  tar  product&- 

For  the  rest,  they  strike  neither  at  the  cause  of  the  fever  nor  at  any  symptoms  olht\ 
than  those  resulting  from  the  hyperpyrexia.     They  make  the  type  of  the  disease  ndl 
less  severe  nor  shorter. 

In  malaria,  e.g.,  antipyretics  may  prevent  the  development  of  a  paroxysm  of  fevi 
but  they  do  not  attack  tnc  cause  of  the  disease  as  does  quinin;  for  their  effect  is  not  L^ 
jng,  nor  does  their  continued  administration  lead  to  a  reduction  in  the  size  of  the  5pl< 

They  are  a  symptomatic  and  not  a  specific  mode  of  treatment.  And  sympt 
treatment  must  always  be  carried  on  with  great  care,  lest  more  harm  than  good  sJin* 
result.  But  where  it  is  not  possible  to  attack  the  cause,  it  is  often  advisable  to  removr 
objectionable  sjmptoms.  The  question  then  is,  May  a  reduction  ofjever  temperaiarr hf 
uieful?  It  must  be  borne  in  mind  that  h>perp\Tcxia  is  often  a  protective  mecbantsm. 
This  is  shown  by  the  onset  of  collapse  in  certain  cases,  if  the  stimulus  of  the  high  tenpm- 
ture  is  removed.  Als<»,  bactenologic  research  has  shown  that  with  most  lacteriatlw 
optimum  temperature  for  development  is  confined  within  very  narrow  limits,  which  ire 
exceeded  by  the  temperature  of  fever.  The  Undf.ncy  of  fever  may  perhaps  beiwdlf 
be  useful  in  all  case^,  but  as  a  matter  of  fact  it  usually  lead:}  to  more  damage  than  good. 
The  cells  of  the  mammalian  organism  arc  not  adjusted  to  work  under  the  conditioiuof » 
high  a  temperature.  Tt  is  detrimental  to  them  as  well  as  to  the  bacteria,  and  ionctioo 
more  so.     Its  effects  consist  in  lassitude  and  enervation,  in  general  discomfort,  mtinf- 
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ness,  irritability,  and  delirium.  The  rcsp. ration  and  heart  are  quickened.  Themeti- 
bolism,  and  especially  the  elimination  of  nitrogen,  is  greatly  increased.  This  leads'" 
emaciation,  diminLshed  alkalinity  of  blood,  degeneration  of  important  orgsuis,  etc.  Al 
these,  joined  perhaps  to  a  deleterious  action  of  the  increased  metabolic  waste-prodnct^ 
produce  a  condition  highly  detrimental  to  the  patient.  These  conditions,  in  *  " 
they  have  nut  already  passed  into  permanent  anatomic  changes,  are  promptly; 
removed  by  restoring  the  normal  temperature.  Measures  for  this  purptose  are 
indicated  whenever  these  symptoms  arising  from  h>'perp>Texia  become  very 
nounced,  and  unless  there  are  special  contraindications.  They  should  not  be 
instance,  if  there  is  ground  for  suspecting  a  masked  collapse.  Nor  are  they  of  layi 
in  high  continued  fevers. 

Antipyretic  measures  of  this  kind  are  mainly  cold  baths  and  the  cold-tar  ma\ 
and  theAc  have  their  respective  drawhack.s  and  advantages.     The  chief  advantlfe 
cold  baths  lies  in  the  fact  that  there  is  no  danger  of  a  direct  collapse  action;  but  dhcrtl 
no  need  for  this  danger  with  antipyretics  if  tlieir  dose  be  pro[>crly  adjusted.     The  * 
save  the  patient  the  exertion,  discomfort,  and  .shock  of  a  cold  bath.     As,  in  the  c 
baths,  the  temperature-regulating  mechanism  is  not  adjusted  to  normal,  the  pst 
experiences  all  the  ordinar>'  effects  of  an  attempt  to  reduce  the  temperature  bclo« 
mal:  chills,  cyanosis,  etc.;  and  the  metabolism  is  increased  rather  than  diminished, 
action  of  the  chemic  antipyretics  is  also  mote  pronounced  and  lasting  (Fig.  24),  and 
analgesic  action  is  of  marked  value  in  inllucncing  the  subjective  condition  of  the  P' 
In  rrgard  to  this  fujrcotii  action,  antipvTin  and  acctanilid  are  about  on  a  Icx-el;  I' 
surpassed  by  phcnacetin.    This  action  is  especially  useful  when  the  fever  is 
with  delirium. 
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The  objections  to  cold  buths  are  very  greatly  lessened  if  Utid  baths  are  used.  These 
ucootso  much  antipyretic  as  stimulant,  ifDproving  tiie  blood  pressure,  digestion,  and 
deep.  They  increase  the  nitrogen  excretion.  It  has  been  shown  that  cold  baths  cause 
acDBiiderablc  rise  of  blood  pressure  in  acute  fever,  whereas,  camphor,  caffcin,  strophan- 
tlnu,  ether,  or  alcohol  is  generally  incfiectual  in  thU  condition.  As  to  the  chemical 
antipyretics,  the  theor>-  has  been  advanced  that  they  interfere  with  the  natural  pro- 
tective bodies  of  the  serum.  It  ha?  been  shown,  however,  that  this  is  not  the  case,  at 
last  as  far  as  the  agglutinin  of  typhoid  serum  is  concerned.  In  conclusion,  it  is  pro- 
l>tble  that  Ihr  best  general  trc^Umtnt  of  fever  consists  in  a  combination  of  antipyretics  and 
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General  Statement. — Quinin,  the  principal  alkaloid  of  cincho'ia  bark, 
is  a  general  protoplasmic  poison.  It  is  therefore  toxic  to  all  cells,  and 
even  to  unorganized  ferments;  but  it  has  a  specially  high  toxicity  for 
ameboid  cells,  and  is  relatively  non-toxic  for  higher  organisms.  It  exerts 
a  very  selective  action  on  the  malarial  parasites,  and  is  therefore  a  spe- 
cific against  malarial  diseases,  provided  sufficiently  large  doses  are  ad- 
ministered. It  is  also  a  fairly  effective  antipyretic  in  other  fevers, 
reducing  heat  production  by  diminishing  nitrogen  metabolism.  It  is  use- 
ful as  an  analgesic  in  colds;  and  in  the  form  of  quinin-urea  hydrochlorid 
as  a  local  anesthetic.  Through  its  bitter  qualities,  it  acts  as  a  stomachic 
tonic.  It  stimulates  the  uterus.  Full  doses  produce  **cinchonism," 
characterized  especially  by  auditory  and  visual  disturbances,  which  may 
assume  grave  proportions  with  excessive  doses;  but  very  large  quantities 
Have  been  consumed  without  serious  i>oisoning. 

Cmchona  and  Its  Constituents. — The  bark  of  the  cinchona  tree  (Pe- 
nivian  or  Jesuits'  bark)  contains  a  number  of  alkaloids  (cinchonin,  cin- 
^bonidin,  etc)  resembling  quinin,  but  endowed  with  less  of  the  desired 
^tivity,  and  with  more  of  the  undesircd  side  effects  (convulsant,  etc., 
Albcrtoni,  i88a).  It  also  contains  considerable  tannin,  which  interferes 
*ilh  ihe  systemic  actions.  (Cinchonin  is  much  more  depressant  to  the 
*iWrt,  and  more  toxic  than  cinchonidin.) 

.  The  trees  yielding  cinchona  are  indigenous  to  the  mountainous  district  of  the  Andes 
*  South  America,  at  a^height  of  3,400  to  12,000  meters.  Trees  growing  helow  this 
ifvel  contain  hut  little  alkaloid.  The  natives  were  probably  acquainted  with  the 
^ttficinal  value  of  this  "trctr  of  health,"  and  the  bark  was  brought  lo  Europe  by  the 
**riy  otplorrrs.  It  received  its  name,  cinchona,  from  the  Countess  Chinchon.  who  was 
*i*of  tnc  first  Europeans  to  receive  it^  benefits  (1638). 

Al  present  practically  all  the  barks  of  commerce  arc  from  cultivated  trees,  the  orig- 
"'•l  forests  having  been  largely  depleted.  This  cinchona  cultivation  is  carried  on  in  a 
'lumljcr  of  subtropical  mountainous  countries  possessing  a  rather  moist  climate  — espe- 
QiUy  in  India  and  Java. 

The  U.  S.  Phormacopceia  does  not  discriminate  between  the  different  spedes.  Be- 
t*wn  thirty  and  thirty-six  of  these  are  recognized;  but  many  are  probably  mere  varia- 
*|Mtt  and  hybrids,  and  a  recent  author  has  attempted  to  reduce  the  species  to  four. 
Tfce  most  important  arc:  C.  Calisaya  (yellow  bark);  succirubra  (red  bark);  officinalis; 
hadfoUa;  micrantha;  scrobiculata. 

The  alkaloidal  content  of  the  different  harks  varifS  greatly.  It  has  been  ron- 
"WeraWy  increased  by  cultivation,  some  samples  >'ielding  to  i3pcr  cent,  of  quinin.  The 
^lUloid-s  are  contained  in  all  parts  of  the  plant,  in  the  parenchymal  cells.  The  root  bark 
•stains  the  most,  then  comes  the  ordinary  bark. 

The  constituents  are:  Certain  adds  (quinic.  quinovic,  etc.);  Tannin,  as  dnchotannic 
icirf  ^3  to  4  per  cent.),  which  gives  a  green  color  with  iron;  cinchona  red.  a  derivative  of 
■^  preceding  (both  are  glucusidsl;  gum,  wax,  resin,  etc. 

A  large  number  of  alk.aloids  have  been  isolated;  some  of  these  undoubtedly  arise  in 
Recourse  of  the  manipulations. 
05 
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Most  of  the  alkaloids  are  optically  active,  and  occur  also  as  isomers,  as  indicated  b 
the  following  table. 

CivHsiNjO:  Cinchomn,  dnchonidin.  homodnchonin,  cincfaomdn  (dnchotonn) 

Ci*HnN)Oi:  Cuprein  (from  cuprea  bark) 

Cii,Ha<XiO:  Cinchonamin. 

CijH-iNjOi:  Quinamin,  conquinamin 

C«yH:<NiOi:  Quinin,  quinidin  (  =conquinin);  quinicio  (a-quinotoxin) 

CioHjftNjOa:  Hydroquinin;  hydroqiiinidin  ( * hydroconquinmj 

WIkd  the  cry&talUzablc  alkaloids  have  been  separated  from  cinchoaa  exUicU, 
evaporation  of  the  mother  liquor  yields  a  brown  extract,  Chtnoidin  (Quinoidin),  which 
contains  amorphous  alkaloids,  mainly  Dl-cinchonicin  Di-quinidin. 

Structure  of  Cinchona  Alkaloids:  This  is  noi  fully  understood,  as  they  bavr 
been  synthesized;  nor  indeed  has  any  substance  with  analogous  actions  been  prcpor 
Bynthetically.    The  structure  of  quinin  is  quite  complex.    It  may  be  expressed  sd 

CHjO.  C»H^N.  CHOH.COIhN 

(a)       (6)         (c)  id) 

It  indudes  a  quinoUn  ring  (b)  to  which  arc  attached  in  the  para-positlon  a  raethot}! 
(a)  and  (rf)  a  pyridin  derivative  O'loipon"),  through  a  CHOH  linkage  (t).  Rcplflccmrn! 
of  the  methyl  by  other  alkyxl  ^oups  docs  not  destroy  the  action,  but  may  even  T 'tin 
it  (Frilnkel,  Arzncimittelsynthcsc).  Omission  of  the  group,  however,  greatly  weaken^ 
the  antimalarial  efficiency,  but  increases  the  convulsive  action.     This  is  cinfkonin 

H.CJI*N.CHOH.CvHmN 

a      b  c  d 

Replacement  of  the  CHjOH  by  OH  gives  cuprein, 

Quinicia  and  Cinchonicin. — When  quinin  or  cinchonin  are  heated  with  add^  I^ 
linking  CHOH,  in  (r),  is  hydrolyzcd  to  CO.  the  H  being  transferred  to  the  adjacent  C 
and  N  of  the  loipon,  forming  an  imid  group,  and  breaking  the  benzol  ring.  Tbr« 
compounds  were  discovered  by  Pasteur  in  1853  and  named  by  him  quinidn  i»tl 
dncnonicin. 

Miller  and  Rohde,  1895,  proposed  to  change  these  names  to  quinotoxia  and  cincbo- 
toxin.  The  chaogc  has  been  largely  adopted,  but  seems  confusing  and  unjustified- 
The  toxidty  is  not  very  high;  and  practically  the  same  name,  qmt%aloxin,  had  prci.'ioiisi)' 
been  applied  by  O&tcrmayer,  1S84,  to  a  quite  different  substance,  diquiooliB 
dimethylsulphate.     This  produces  curare  actions  (Hoppc-Scyler,  1880;  Durdub,  iSSgi- 

The  Quinotoxin  Myth. — Chemists,  impressed  by  exaggerated  estimates 
of  the  toxicity  of  quinicin,  have  suggested  that  the  toxic  actions  of  qtiini" 
are  due  to  the  formation  of  quinicin  by  the  gastric  acidity;  and  thai  this 
formation  in  mixtures  of  quinin  with  organic  acids  woiild  conslitutea 
very  dangerous  incompatibility.  These  fears  are  quite  unfounHeti: 
quinicin  or  quinotoxin  is  not  much  more  toxic  than  quinuin  itself;  and  only 
insignificant  traces  of  it  can  be  formed  at  ordinary  temperatures. 

Pormaiion  of  Quinicin  and  Cinchonicin  by  .Irufi.— Pasteur  prepared  qainidn  trjr 
beating  quinin  with  dilute  sulphuric  acid  at  uo^C.     At  100**,  however.  Biddlc,  W^- 

S 

found  that  dilute  mineral  acids  (to     )  convert  only  2  to  3  per  cent,  of  the  dnckooiai 


whilst  weak  organic  add  (acetic  etc., 


N 


)  transform  95  per  cent.     The  oonvefsw" 
10,000  '^ 

is  independent  of  the  dilution  or  dissociation.  Similar  results  were  obtained  ioAepca^ 
ently  by  Rabe,  1910. 

At  30  to  sS°C.,  however,  the  conversion  proceeds  very  slowly,  even  with  orgip*^ 
adds;  so  that  at  most  0.2  to  i  per  cent,  are  converted  in  4R  hours.  The  concentralioi* 
of  dnchotoxin  probably  does  not  increase  with  longer  heating;  for  there  is  a  pftialkl 
transformation  of  cinchonicin  into  an  instjiubtc  rusin  (Biddlc.  Ad  Kaufmann). 

Some  conversion  into  cinrhomcin  occurs  also  in  sunlight,  and  more  slowly  in  diffusw 
tight;  but  this  also  is  oonvcrte<l  into  resin.  The  formation  of  cinchonicin  or  quiniti'' 
may  be  judged  by  the  dark  discoloration  (Biddlc). 

Quinin  behaves  in  all  these  respects  essentially  like  cinchonin.  It  will  be  seen  thtf 
under  no  conditions  of  the  body  could  significant  quantities  of  quinicin  bcprodttoed 
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action  of  acid,  as  supposed  by  Kaufmnnn  and  byBiddlc.  Thc«r  overlooked  in- 
lenUlly  thul  quiain  is  aJso  toxic  when  administered  in  other  ways.  Nor  need  any 
d  effects  be  feared  from  prescribinR  acid  quinin  mixtures.  Discolored  and  precipi- 
led  solutions  should  naturally  not  be  used  therapeutically,  since  they  would  lack  tne 
lired  actions  of  quinin. 

Adiom  of  Quinicin  {Qttinotfix(n) . — Hildcbrand  claimed  that  this  is  not  convnilsive; 
Lt  it  has  a  dtgitoxin  effect  on  the  frofi-hcart,  and  that  it  raises  the  blood-pressure 
{:fatly.  Biberfeld  found  the  toxicity  for  mammals  quite  low  (lethal  dose,  15  me, 
:  Kg.  by  vein;  300  mg.  hynodermically,  corresponding  to  about  jounce  in  man), 
this  large  dose  it  producea  convulsions.  Il  did  not  have  a  di(ritoxin  effect  on  the 
M>&ed  frog  heart,  but  dcpres^sed  il  like  quinin.  It  also  depressed  i>U»er  smooth  mus- 
;  produced  local  anesthesia  similar  to  quinin,  but  was  not  antiy>yretic. 
Adians  of  Cinchonicin  (Cinchotoxin). — The  toxicity  of  this  is  also  low.  Hitdehrandt 
ind  the  h>'podermic  lethal  dose  as  150  rag.  per  K^.  for  mice  (equivalent  to  10  Gm.  for 
nan.  The  same  dose  of  dnchonin  was  not  toxic.  Hunt  obtained  about  the  same 
mber  for  cinchotoxin  (310  mg.)  as  for  quinin  (.570  mg.).  Rabbits  seem  considerably 
trc  susceptible  (Biberfeld,  M.F.D.  hypodermic,  10  mg.  per  Kg.;  Fraenkel,  F.D.  h>po- 
rmic.  30  mg.  per  Kg.;  Hildcbrandt,  cat,  F.D.  hypodermic,  20  rag.  pr  Kg.).  Death  is 
xeded  by  violent  convulsions. 

Hildcbrandt  described  a  slight  rise  of  blood  pressure.  Biberfeld  found  depression 
th)e  circulation.  Fraenkel  on  the  exposed  heart,  observed  first  very  strong  contrac- 
^kthen  diastolic  arrest. 

^oxic  Action  of  Quinin  on  Protoplasm. — This  may  be  seen  on  lower 
^nisms  and  isolated  cells  of  all  kinds.  Quinin  acts  most  strongly  on  cells 
•)ssessrd  of  ameboid  and  similar  movtme^U:  on  infusoria,  while  blood  ceils» 
lialed  epithelium,  spermatozoa,  insectivorous  plants,  muscle,  etc. 

Action  on  Leucocytes. — A  solution  of  0.5  to  i  in  1000  is  sufficient  to  inhibit  the  move- 
lentsof  UucocyUs  on  the  warracd  slide,  and  a  soraewhat  larger  dose  causes  their  disin- 
^gntion.  Phagocytosis  is  hindered  by  o.ooi  per  cent.  (Hamburger  and  Hekma, 
908),  but  stimulated  by  vcr>'  low  concentrations    (Man^varing  and  Ruh,  1007), 

The  depressant  action  is  also  observed  in  inUut  frogs.  When  the  raesenter>'  of  this 
jttaai  is  exposed,  leucocytes  in  active  motion  are  seen  inside  and  outside  of  the  vessel, 
f  qoinin  Is  now  applied,  the  movement  of  the  cells  outside  of  the  blood  will  be  arrested, 
i^hUst  those  in  the  blood  stream  still  emigrate.  The  result  is  an  accumulation  of  cells 
bout  the  vessel  wall.  If  the  quinin  is  injected  into  the  vessel,  the  reverse  takes  place, 
i'he  movement  of  the  cells  in  the  blood  is  arrested,  preventing  emigration,  whilst  those 
'utade  do  not  come  into  contact  with  the  poison,  continue  to  move  away,  and  leave  a 
few  zone  about  the  vessel  ( Hinz,  1R67;  iLeda,  igiM  This  action  docs  not  occur  in 
Dtnunals,  since  the  necessary  dose  would  kill  the  animal. 

}n  man  ami  mammals,  it  causes  at  first  an  increase  of  the  lymphocytes,  these  being 
koBed  into  the  circulation  by  the  muscular  contraction  of  the  spleen  and  lymph  glands. 
Fki  is  followed  after  an  hour  by  a  decrease,  and  this  is  again  succeeded  by  rather 
Bfcrked  leucocytosis.  Continuous  administration  leads  to  leucopcnia  followed  by 
c«ooc>'tosis  (G.  B.  Roth,  191 2).  The  opsonic  index  is  slightly  increased  in  man  by 
Josejof  15  gt.  (T.  B.  WUson,  1907). 

Antiseptic  Action. — Bacteria  and  yeasts  are  also  killed  by  quinin,  but 
Inquire  a  higher  concentration  {2  to  8: 1000)  than  do  theprotozoa.  The 
efficiency  is  not  materially  hindered  by  serum  or  pus  (K.  Taylor,  X915). 

UcDonald,  iqiSi  considers  its  germicidal  efficiency  about  half  that  of  phenol; 
*liikt  as  an  antiseptic  it  approaches  mercuric  chlorid.  He  recommends  1:2000  for 
■■•dder  irrigation,  especially  as  prophylactic  in  c>'stoscopy.  This  concentration  docs 
*»t  cause  noticeable  irritation. 

CoturnSraiions  used  for  Antiseptic  Iri^atiom. — The  follo%ving  are  usually  employed: 
Pyitilis,  COS  to  0.5  per  cent.;  conjunctivitis,  dysentery,  0.5  per  cent.;  gonorrnca,  to 
IE  per  cent.;  hay  fever,  spray,  i  to  2  per  cent,  (hydrochlorid). 

Wo7trui  Infrrtion  by  Gus-bafillus. — K.  Taylor,  1915,  recommends  dressing  with  0.1 
>fr  cent,  of  tfie  acid  hydrochlorid. 

Quinin  on  Skeletal  Muscle. — Immersion  in  quinin  solutions  causes  persistent  coa- 
raction  of  the  muscle,  proportional  to  the  concentration  of  the  solution.  If  such  a 
nsde  is  stimulated,  the  form  of  twitch  is  about  normal,  at  least  with  moderate  con- 
ipfimtions,  and  the  peak  of  the  contractions  is  higher  than  in  an  unpoisoncd  control 
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muscle.  However,  since  the  twitch  starts  from  the  le^'el  of  contracture,  the  amplitude 
of  the  tnntch  is  generally  less  than  for  a  normal  muscle  (Sollmann).  Quinin  solutHtoti 
diminish  the  toad  which  the  muscle  can  lift  and  the  total  work,  and  hasten  fatifcub^ 
These  phenomena  are  also  observed  in  curarized  muscle,  so  that  the  actions  must 
directly  on  the  muscle  substance.  High  concentrations  coagulate  and  destroy  lta,| 
muscle  structure  (Sccher^  1Q15;  Santesson,  1892). 

Circtilatioa. — Quinin  and  the  other  cinchona  alkaloids  depress  the 
excitability  of  the  cardiac  muscle.  This  action  is  being  tried  against' 
cardiac-hyperexcitability.  With  normal  individuals,  moderate  d( 
have  little  effect  on  the  circulation.  Toxic  doses  lower  the  blood  pi 
by  cardiac  depression  and  vasodilation  through  peripheral  action. 

Ftos,  Hrart. — This  is  depressed  by  quinin  (Santesson):  The  heart  is  slowed  br 
x:  50,000  solution  and  weakened  in  its  contraction;  its  e^ectivenc&s  is  conseqacBtlr 
diminished.  The  slowing  occurs  after  atropin,  and  is  therefore  muscular.  A  1:5,00ft 
solution  kills  the  heart  in  a  few  minutes. 

liolaUd  TurlU  Heart. — .All  the  cinchona  alkaloids  diminish  the  amplitude  tod  frf- 
quency,  ending  in  diastolic  arrest.  The  1c vo  bases  (quinin  and  cinchonidin)  are  mom 
toxic  than  their  dextnMsomers  (Frcriericq  and  Terroine). 

De  Arric,  igiz;  alao  found  the  turtle  heart  slowed  by  all  doses,  and  the  excunioitt 
diminished  by  the  higher  concentralronsj  but  he  describes  them  as  increased  by  lo« 
concentrations. 

Mammalian  Circulation. — In  mammals  and  man  small  doses  cause  first  afuJokwrf 
pulse  with  rise  of  blood  pressure  (Literature,  de  Arric.  igia;  Biberfcld»  1916). 

The  cause  of  the  former  is  still  under  dispute,  but  is  perhaps  central.  The  nserf 
pressure  depends  mainly  upon  a  vasoconitrictrirticn,  but  the  cause  of  this  isalwitS 
undetermined.  It  may  possibly  be  due  to  a  direct  stimulation  of  the  unstriped  moMics 
of  the  blood  vessels. 

Larger  doses  (in  man,  from  1  Cm.  upward)  cause  a  fall  of  blood  pressure  and  sIoto* 
and  weakening  of  the  heart  from  the  outset, 

The  faU  is  due  in  part  to  vasodilation.  The  slowing  and  weakening  of  the  httrttn 
analogous  to  those  obserx'ed  in  the  frog.  It  is  seen  in  the  excised  organ  (Langeodorf 
method).  In  this  it  often  causes  irregularity,  but  may  regulate  the  heart  if  it  is  ilrodr 
irregular. 

Tht  rardio-inftiM4ory  center  is  stimuhitcd  when  quinin  is  perfused  throu|!ill< 
medulla  of  turtles  (Bush,  1930). 

Perfused  mammalian  vessels  are  dilated  by  quinin,  whilst  those  of  the  frog  an  od** 
stricted.     .'\pocodein  and  yohimbin  act  similarly  (Gunn,  1909). 

Quinin  also  removes  the  constrictor  eflect  of  veratrin  (Kondo,  19x9). 

The  brain-vessels  arc  dilated  in  rabbits  and  fish  (Berezin,  rgi6). 

Quinin  attd  Quinidin  against  Cardiac  irregularities. — Starkenstcin,  1907,  (ouadtltft 
the  intravenous  injection  of  quinin  caused  the  disappearance  of  pulsus  altemans,  pffr 
duccd  by  glyoxylic  acid.  He  attributed  this  to  diminished  cxcitAhility.  Frc)  Mw 
V.  Bergmann,  iqiq,  re[>t>rted  good  clinical  results  from  the  use  of  quinidin  in  aunoil*^ 
fibrillation.  F.  B,  Hoffmann,  iq2o,  investigated  the  effect  of  quinidin  on  the  aorid* 
of  perfused  bean  He  found  considerable  increase  of  the  resistance  to  electric  erf"' 
Bvstoles  and  fibrillation.  It  also  lowered  the  force  of  the  contractions,  without  mo" 
change  in  rate.     I.^rRcr  doses  abolish  the  contractions  and  render  the  muscle  ineidtiWf 

Pezzi  and  Clerc,  1020.  report  favorable  clinical  efTecLs  from  quinin  againsteiti*- 
sysloleii.  paro.xysmal  tachycardia,  and  auricular  librillatiun.  They  administer  aS  ^ 
by  mouth,  3  or  3  times  per  day. 

Uterus. — Quinin  stimulates  the  contractions  and  increases  the  toot 
Sali&factor>'  results  have  been  reported  from  its  use  in  all  stages  of  UbC 
^d  for  therapeutic  abortions. 

Excised  y/mij.— This  Ls  strongly  stimulated  (Kurdinowsld;  Rehrer,  1906)  by  o*" 
mirations  as  low  as  i:  100,000  (Lieb,  1914). 

Cinchonin  and  cinchonidin  acts  similarly;  quinidin  produces  only  rdaxalioQ-    ^ 

lese  effects  are  the  stronger,  the  more  active  the  uterine  movements  (Sanda.  igiowj 

1913).     The  relative  efficiency  of  the  cinchona  alkaloids  has  been  determined  by  H»  I 

,116.     Biberfcld,  roi6,  obtaincti  only  relaxation  of  uterus  (also  of  thr  intestines*  ■* 

quinin  conceoirutionsof  1:5,000  to  1:10,000;  but  this  must  bavebeena  tcchucale'tBb 
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fse  as  EcbolU. — Maurer  recommended  doses  of  0.5  to  i  Gm.,  repeated  in  an  hour 
if  necessary.  He  claimed  marked  effect5,  usually  witnin  40  minutes.  Since  then,  it 
ha.s  brcn  employed  mainly  intravenously,  during  labor  and  postpartum.  Seggelke,  192 1. 
found  it  satisfactor>'  for  therapeutic  abortion.  He  employed  "combined  injections, 
i.<r.,  10  c-C  01  5  per  cent,  quinin  hydrochlorid  by  vein,  plus  the  same  doscintrmuscularly. 
TKis  did  not  start  contractions  when  the  uterus  is  quiet,  and  therefore  does  not  induce 
st>ortion  in  normal  pregnancy;  but  if  contractions  have  started,  these  were  reinforced 
promptly  and  effectively  by  the  quinin;  thus  often  avoiding  instrumentation.  Cin- 
chonism  was  fairly  severe.  Local  necrosis  occurred  with  h>'podcrmic,  but  not  with 
iacramuscular  injection. 

£gg-productioD. — Quinin.  when  fed  to  doves,  reduces  the  size  of  the  yolk  and  albu- 
men of  iht  e^KS.  This  continues  for  some  time  after  the  administration  i.s  stopped,  and  Is 
then  foUowed  by  a  compensatory  increase  (Riddle  and  Anderson,  1Q18;  Behre  ctal., 

Contraction  of  the  spleen  and  intestinesmayalsooccur.  Excised  trackeai  muscU 
is  relaxed  (Trt-ndclenburR). 

The  peripheral  nerves  arc  not  markedly  affected,  except  the  poison  be  applied 
directly,  when  it  will  irritate,  depress  and  finally  kill  ihcm  just  as  other  protoplasm. 

Local  Actions. — Quinin  produces  some  local  irritation  and  anesthesia. 

When  given  hypodennically  it  occasions  severe  pain,  and  may  lead 
to  abscess  formation.  When  given  by  the  stomach,  large  doses  cause 
gasiralgia,  nausea,  vomiting,  and  diarrhea.  It  also  retards  the  absorption 
of  salts,  and  probably  of  food.  Its  excretion  through  the  kidneys  may 
give  rise,  with  large  doses,  to  albuminuria  and  hemoglobinuria.  The 
hemoglobinuria  of  severe  malaria  (black-water  fever)  may  be  partly  due 
to  increased  sensitiveness  to  quinin. 

Ukers, — ^The  sulphate  has  been  used  as  antiseptic,  styptic  and  stimu- 
lant dusting  powder  on  ulcers. 

E.  H.  Terrell,  191 7.  urges  the  injection  of  5  to  10  per  cent.,  quinin-urea  hydrochlorid 
for  the  treatment  of  hemorrhoids. 

Quinin  as  Anesthetic. — Quinin  and  its  derivatives,  when  brought  in 
contact  with  sensory  ner\*cs,  produce  local  anesthesia.  This  is  used 
clinically  in  the  form  of  the  more  soluble  and  less  irritant  double  salts, 
especially  urea  hydrochlorid.  The  anesthesia  is  more  lasting  than  with 
other  local  anesthetics;  it  may  persist  for  several  days  (Hert^ler  et  alj 
>9oq).  However,  the  concentrations  above  j--^  per  cent,  sometimes  pro- 
duce considerable  irritation,  edema  and  fibrous  indurations  and  above 
1  percent,  there  may  be  sloughing.  Its  employment  has  therefore  greatly 
diminished  (E.  Mayer  el  aL,  1920);  although  some  clinicians  consider 
these  fears  as  exaggerated  (E.  J.  Brown,  1920). 

Quinin-urea  hydrochlorid  is  injected  hypodennically,  generally  as  *-i  per  cent., 
**n»etimes  i  to  3  per  cent.  Solutions  of  10  to  30  per  cent,  mav  be  used  on  mucous 
Membranes.  Quinin  bisulphate,  3  per  cent,  has  also  been  usecf  in  tonsil  and  throat 
opcrttions. 

Data  on  the  relative  aiustheiif  ejiriency  arc  given  by  SoUmann,  1917  and  1918.  The 
Mctthetic  effect  of  cinchona  alkaloids  for  the  corfua  was  investigated,  by  Morgenroth 
^  Ginsberg.  1912. 

Doable  Quinin  Salts. — -The  increased  solubility  of  quinin  hydrochlorid  (5  parts)  by 
•oiipyrin  {2  parts)  was  announced  by  Triulzi,  iftqz,  and  Santcsson,  1807.  Gaglio, 
''9'Vand  Giemsa,  1008,  advise  the  urethaneconipoundas  being  less  acid  and  Ic&s  readily 
J*coraposed  by  boiling,  than  is  the  urea  salt  (Filippi.  igia).  It  is  made  with  i  Gm. 
"■tjainin  hydrochlorid,  0.5  Gm.  urcthane.  and  3  c.c.  of  water. 

f«nnents. — Interference  mnth  ferment  action  may  be  seen  in  many  directions. 
The  most  important  are:  the  oxydases  of  blood  and  of  protoplasm  autolysis  (Lagneur, 
1006);  slowed  aciditication  of  shed  blood;  lessening  of  the  amount  of  hippuricadd  formed 
wien  benxoic  acid  is  circulated  through  the  excised  kidney.  The  variou.s  digestive 
fennents  are  hindered,  but  not  to  the  same  degree.  It  also  lessens  the  glycogenetic 
function  of  the  livcrj  i.e.,  the  po&tmurleiu  transfurmatioa  of  the  glycogen  into  sugar 
(Hoffmann,  1S77). 
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Hemoglobin. — This  shows  a  characteristic  change  with  strong  quinm  solutiofll 
(Marx,  1906);  no  methcmoglabin  is  formed  (Lewin,  1909).  | 

Effect  on  Digestion. — Small  doses  of  quinin  (0.05  Gm.,  i  gr.),  takol 
before  meals,  act  as  a  stomachic  and  tonic;  but  they  are  probably  infcriofj 
to  other  bitters.     Larger  doses  diminish  gastric  secretion  (Klocman,  iqkU 
and  interfere  with  the  ferments  and  with  absorption;  even  small  doscsi 
when  long  continued  lessen  the  utilization  of  food.     Toxic  doses  stirouJitel 
the  vomiting  center  (Eggleston  and  Hatcher,  1915).     Tinct.  Cinchona? 
Comp.  (5  c.c,  13)  adds  the  stomachic  effect  of  aromatics  and  alcohol,  a/id 
the  astringent  action  of  tannin.     It  may  be  useful  in  chronic  gastric 
catarrh. 

Metabolism  and  Temperature.— The  effects  were  discussed  on  pegtr 
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Use  in  Fever. — The  antipyretic  action  of  quinin  may  be  utilized  inaoy 
fever.  It  has  several  theoretical  advantages  over  the  anilin  antipyretics: 
It  conserves  energy  by  lessening  metabolism,  instead  of  dissipating  i!  by 
increased  heat  loss;  there  is  less  risk  of  collapse;  and  its  effects  arc  more 
prolonged.  On  the  other  hand,  the  annoying  cinchonism  and  occasional 
idios^Ticrasies,  eruptions,  etc.,  limit  its  usefulness.  It  is  employed  mainly 
where  the  depressant  action  of  the  anilin  derivatives  is  especially  coo- 
traindicated,  as  in  influenza;  or  where  only  small  doses  are  required,  as  in 
colds.  The  full  antipyretic  dosage  is  from  0.3  to  i  Gm.,  5  to  15  gr.  Like 
other  antipyretics,  it  is  most  eflScient  when  the  temperature  has  a  narural 
tendency  to  fall.  It  takes  about  two  hours  to  act,  and  should  therdort 
be  given  about  that  time  before  an  expected  fall  of  temperature. 

It  has  been  suRRested  that  its  efficiency  in  fever  is  Hue  to  an  antiseptic  action  in  die 
blood.  This  is  not  probable  since  bacteria  are  rather  resistant  to  it,  and  would  lofffly 
be  affected  by  it  in  the  concentration  in  which  it  could  exist  in  the  blor>d. 

Use  in  Asiatic  Cholera. —  *^inin  has  l)cen  especially  recommended  in  this  Aiiatt, 
in  which  conditions  would  be  favorable  for  a  direct  bactericidal  action  (FuUerton,  1*0* 
Vssber,  190(1).  The  dry  sulphate,  0.6  Gm.,  10  gr.,  is  adniinistered  every  hour  Uffftoi 
to  eight  doses  until  bile  reappears  in  the  feces.     Further  con6rTnarion  is  requin^- 

Use  in  Pneumonia. — This  also  is  claimed  to  be  especially  benefited  by  quinia;  hut 
the  natural  cuur>e  uf  thU  disease  makes  judgement  very  difficult. 

S.  S.  Cohen,  igir  and  191.1,  recommends  massive  doses,  i  to  t.6  Gm.,  15  to  J5Pt 
of  quinin-urea-chlorid,  dissolved  in  2  parts  of  hot  water,  and  injected  into  the  moK»I 
foUowed  bj'  further  injections  of  i  Gm.  doses  every  third  hour  until  the  lempenOW 
remains  below  loT. — rarely  beyond  seventy-two  hours.     He  claims  that  this  doe»««t 

Kroducc  cinchonism,  gives  preat  symptomatic  relief  (respiration,  cousth,  puUcl,  *^ 
►wers  the  temperature  at  the  ordinary  time,  but  by  lysis  instead  of  crisis.  The  awto- 
mic  lung  changes  arc  not  affected,  indicating  that  the  action  is  probably  not  on  theWti' 
process,  but  rather  antipyretic  and  analResic. 

Bactericidal  Action. — Although  it  is  ver>*  improbable  that  quinin  kill*  the  pi»eun»-| 
cocci  in  the  patient,  the  possibility  that  it  restrains  or  weakens  them  is  not  eotirifl 
excluded;  for  these  bacteria  are  especially  susceptible  to  quinin  and  its  derivat^"^ 
(especially  optichnin).  O.  U.  Brown,  1017,  states  that  pncumococci  cultures  art' 
in  one-third  to  five  hours  by  o.i  percent,  of  quinin  (cspeaally  basic!,  ^vhilst  other ocf»* 
isms  (strepto-  and  staphylococa)  require  much  longer.  Cohen,  Kolmer  and  llei$t,  »9*Ti 
confirm  tlie  Uictcricidal  action  for  pneumococci  in  vitro.  It  is  much  weaker  than  th»t» 
opLochin,  but  is  not  hindered  as  much  by  serum.  .    ,  .    . 

It  is  also  noteworthy  that  the  concentration  of  quinin,  after  hypodermic  injertio* 
'becnm«>«  hiirher  in  the  pneumonic  lung  than  in  the  blood  (Cahn-Bronncr.  1010). 

f  Pneumococcux  carriers. — Kolmer  and  Stcinfeld,  iqiS,  recommeodpnrj 
tJAUlpbate  oz  optuchin  bydrochlorid,  1:10,000  of  saturated 


1  in  Colds,  Headaches  and  Neuralgias.^Like  other  aziii*] 
ia&  an  analgesic  ellect  in  these  conditions.     It  is  tttcd 

0.3  Gm  ,  T  tn  ^  gr. 
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Central  Actions. — The  effects  are  not  important,  except  with  toxic 
doses.  They  consist  in  a  rather  slow  general  paralysis,  probabl)^  preceded 
by  stimulation;  the  latter  is  somewhat  difficult  to  make  out  in  mammals. 

In  frogs  there  is  first  an  Increased  reflex  irrilabiUty.  This  is  followed  by  loss  c( 
spontaneous   movement,  then  paralysis  of  respiration,  and  lastly  of  the  cord. 

The  depressing  effects  upon  the  hemispheres  are  much  less  marked  in  mammals, 
but  a  dimintjhi^  apprfdation  of  pain  can  be  distinctly  made  out,  and  upon  it  rests  the 
employment  of  quinin  against  neuralgic  and  rheumatic  pains. 

Its  addition  to  raorphin  or  urethane  does  not  increase  their  narcotic 
effect. 

Sfeniat  e^fficiemy  testSy  in  man,  showed  marked  impairment  after  i  Gm.  of  quinin 
(Muensterberg,  1892). 

Small  dose?  increase  the  acuity  of  hearing  (Macht  et  al,  1919). 

Toxic  Actions  of  Quinin. — With  very  high  doses  of  quinin,  the  symp- 
toms of  cinchonism  (sec  below)  are  accompanied  by  difficulty  of  speech^ 
confusion  of  idtaSt  sonmoknce.  Then  loss  of  consciotiSficss,  alternating 
wilh^aViwm,  cotwa,  and  at  times  convulsions. 

It  has  been  doubted  whether  the  latter  arc  really  due  to  quinin  or  to  the  accidental 
presence  of  some  of  the  con\'ulsant  cinchona  alkaloids. 

General  paresis  may  app>car,  preceded  by  general  depression  and  muscular  weakness. 
The  final  sjTnptoms  are  those  of  collapse,  due  to  general  paralysis  of  the  central  nervous 
system,  and  in  part  also  of  the  heart.  The  respiratory  ccnirr  shows  a  short  primary 
stimulation  with  following  more  marked  paralysis.  The  latter  is  the  usual  cause  of 
^r<iik.  But  since  the  medullary  centers  are  not  markedly  affected  until  ver>'  late,  quite 
»*T?c  doses  are  often  sur\ived. 

The  fatal  dose  is  usually  given  as  8  Gm.,  but  30  Gm.,  have  been  recovered  from. 
It  B  doubtful  how  much  of  this  really  entered  the  circulation,  since  the  sulphate  is 
^^ry  insoluble,  so  that  a  large  amount  may  not  have  been  abs^jrbcd. 

Visceral  Degenerations. — Cornwall,  1920,  administered  quinin  to  rabbits,  h}-poder- 
•>vicilly  or  intravenously,  over  long  periods.  He  found  damage  to  the  epilhehum  of 
th«  suprarenals  and  kidneys,  and  increased  disintegration  of  red  corpuscles  in  the 
*Pl«n.     These  observations  require  confirmation. 

Purpura  hemorrhagica  is  a  not  infrequent  phenomena  of  intolerance  after  large 
«loM5  fSamaja,  igiS;  Van  der  Horst,  iqi8). 

^iHin  on  Hemolysis. — Quinin  is  not  directly  hemolytic,  but  Rusxnvak..  1920,  claim 
*-hatit  modifies  the  response  to  other  hemolytic  agents,  for  instance  acidity.  Confirma- 
tion is  required. 

Cinchonism. — Early  symptoms  of  larger  doses  of  quinin  arc  headache, 
nnging  in  the  ears,  and  disturbed  vision,  a  complex  of  symptoms  grou[>ed 
together  under  the  name  of  cinchonism.     These  are  probably  due  to  a 
Selective  action  on  the  vessels  of  the  eye  and  ear,  which  can  also  be  demon- 
strated experimentally  on  animals.     Toxic  doses  produce  photophobia, 
deafness,  and  blindness,  at  first  partial,  later  complete.     These  are  prob- 
ably partly    central.     Similar   phenomena   occur   with   salicylates   and 
fclaied  drugs.     Cinchonism  is  ver>'  subject  to  idiosyncrasy,  being  much 
niore  easily  produced  in  stjme  individuals.'    It  is  said  that  the  minor 
'y^ploras  may  be  somewhat  diminished  by  bromids. 

.  Aaitomic  Changes  in  Eye  and  Ear. — The  retina  is  said  to  be  anemic,  whilst  the 
Wernalcar  is  congested,  postmortem  (KJrchner).  Harnack,  igi  3,  also  ascribes  the  eye 
p*a«e  to  spasm  of  the  retinal  vessels  with  subsequent  optic  atrophy.  VVittmaak 
|j9oi)  claims  that  this  congestion  is  not  due  to  quinin.  but  to  death,  and  points  out  that 

.^Oges  of  blood  pressure  produce  deafness.     On  the  other  band,   lie  demonstrates 

[wngM  in  the  cells  of  the  spiral  ganglion,  by  the  Nissl  stain.  He  is  therefore  inclined 
iltribute  the  auditory  effect  to  a  specific  toxicity  of  quinin  to  these  cells.     A  corre- 

Vonding  origin  is  asEiif^ned  by  .\ltland.  igo4.  to  the  visual  changes,  the  retinal  cells  being 

snered.    Tlus  might  be  secondary  to  the  ischemia. 
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Skin  Eruptions  and  Endermic  Test  of  Idiosyncrasy. — Scarlatinal  or 

urticarial  rashes  are  not  very  rare  after  therapeutic  doses  of  quinii..  la 
such  suscei>tiblc  individuals,  local  reactions  are  also  produced  by  the 
application  of  quinin  solutions  (i:iooo  to  i:io)  to  the  scarified  skia 
Normal  individuals  do  not  react,  so  that  this  may  be  used  as  a  harmless 
test  of  quinin  idiosyncrasy  (Boerner.,  1197) 

Two  clinically  hypcrsusccpttblc  subjects,  studied  by  O^Mallcy  and  Richcy.  igiq» 
gave  positive  sk.in  tests  with  quinin,  but  not  with  cinchonin.  cinchunidin,  iooid,  51& 
cyHc  acid,  caEFcin,  atropin  or  eoinephrin;  nor  were  these  subjects  clinically  h>7itrsui- 
ceptiblc  to  other  cinchona  alkaloids.  The  quinin  idiosyncrasies  were  not  congenitil* 
and  ilid  not  exist  in  blood-relatives.  Kdlavitch,  igig,  also  describes  the  cndermk 
reaction . 

DesensiUsaticn. — This  was  proposed  by  Heran  and  St.  Girons  and  partly  ooiifinB«ii 
in  the  cases  of  O'Malley  and  Kichey,  with  parallel  changes  in  the  skin-reaction.  Furtiw 
confirmation  is  desirable.  They  start  with  the  oral  administration  of  5  mg.  of  quiwn 
bisutpbatc  plus  0.5  Gm.  of  sodiunn  bicarbonate;  afier  iV'j  hours,  they  give  0.5  Gm. of 
bicarbonate  with  o.  t  Gm.  of  quinin.  The  double  dosage  is  repealed  daily,  leaving  tl»r 
desensitizing  dose  at  5  mg.  and  increasing  the  second  dose  by  o.i  Gm.  c\*en.'  day, 

Actions  of  Minor  Cinchona  Alkaloids. — These  are  qualitatively  similar  toquinia, 
but  show  important  practical  differences  that  make  ihem  therapeutically  les&  desirabfc 

Ciftckonin  and  Citu-honiJin. — These  produce  clonic  and  tonic  convulsions,  ioaied 
belo>v  the  optic  thalami,  They  arc  more  depressant  to  the  heart  than  i&  quiiiia,u« 
more  emetic,  and  less  efficient  against  malaria  (Alberloni.  18R2), 

Cincltonamin —Thh  is  more  Injcic  than  quinin  iV.  I>.  75  mg.  per  Kg.  of dogsorats'. 
It  produces  salivation,  hallucinations,  and  cpilcptoid  cerebral  convulsions.  Ill** 
little  effect  on  blood  pressure  (Ellrain). 

Cuprcin. — This  is  said  to  be  about  half  as  toxic  as  quinin  (Kobert). 

Quinin  in  Malaria. — Adequate  doses  of  quinin  kill  the  plasmodjain 
the  blood,  and  this  ends  the  Infection,  and  all  the  phenoraena  of  the  di*- 
ease.  A  single  dose  usually  suffices  to  arrest  the  malaria;  but  a  few  d 
the  protozoa  are  usually  not  reached  and  survive,  tending  to  produce 
reinfection,  or  render  the  patient  a  dangerous  carrier.  Il  is  therefore 
necessary  to  continue  the  administration  for  some  time. 

Action  on  Plasmodia. — These  are  especially  susceptible  to  quinin:  On  a  jbde  » 
irro.ooo  wlution  immediately  arrests  the  movements  of  the  parasites,  and  saSv 
phenomena  occur  in  the  IxKiy.  About  three  hours  after  the  administration  ofqoiniB 
by  the  mouth,  the  endoglobular  forms  of  tertain  and  quartan  fever  become  immobflc,* 
granular,  lose  their  nucleoli  and  their  affinity  for  certain  stains.  Several  houn  1»W| 
they  may  be  seen  deformed  and  fragmented  (1^  Monaco  and  Panichi,  iSqq). 

The  other  cinchotux  aikaloids  have  a  similar,  but  much  weaker,  action  on  the  protoK*- 
Quinotonn  is  practically  ineffective  (Stephens  et  al,  rgi8). 

Bass  and  Johns,  iQi2,who  have  cultivated  the  plasmmlia,  find  that  they  are  t**^ 
destroyed  by  normal  serum.  They  suggest  that  quinin  acts  by  rendering  the  red  blood 
corpuscles  more  permeable  to  the  toxic  constituents  of  the  scrum;  but  there  is  oooth*' 
evidence  for  tWs  \'iew. 

Actions  of  Hcmatin. — W.  H.  Brown,  \qi2\  and  Brown  and  Locvcnhart,  1913,  fa^ 
that  the  injection  of  small  doses  of  hematin  into  rabbits  produces  paroxysms  unW 
to  those  of  numan  malaria:  A  "cold  stage"  of  cutaneous  vasoconstriction  with  Wfi>| 
surface  temperature  and  rise  of  blood  pressure;  succeeded  by  cutaneous  XTisodiUlinB 
with  hot  skin.  larger  doses  cause  splanchnic  dilation  (central)  and  central  TIfv 
stimulation  with  falling  blood  prssurc-  The  respiration  is  depressed,  ending  in  dati 
Buttcrfield  and  Benedict,  igi4,  failed  to  confirm  these  effects,  and  ciaim  that  Urge doM* 
kill  by  intravascular  precipitation  of  hematin. 

Dijffemit  Susceptibility. — Quinin  is  most  efTcctive  in  the  tertian.  IcS 
^e  quartan,  and  least  in  the  pernicious  malaria.     It  docs  not  »clj 
ly  on  the  parasite  in  all  the  stages  of  its  development.    The 
are  more  resistant  than  the  usual  asexual.    Its  strongest  actioB 
the  forms  which  are  just  breaking  into  5i>ores  and  upon  the  f^c^■l 
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rimming  organisms;  it  is  much  weaker  upon  the  older  segmenting  bodies, 
id  least  upon  the  young  cndoglobular  forms. 

JmmediaU  Resuils. — Since  the  resisiaut  endoglobular  forms  exist  in 
i€  blood  just  before  the  paroxysm,  and  their  sporulation  gives  rise  to 
le  characteristic  chill  and  fever,  and  since  quinin  does  nol  act  well  upon 
lera,  it  will  not  be  effectual  against  the  oncoming  paroxysm.  But  if  it 
I  given  at  this  time  it  will  be  present  in  the  blood  when  the  spores  are 
berated,  and  as  these  are  most  susceptible  to  its  action,  it  will  kill  them 
lid  thus  prevent  ihe  development  of  the  new  cycic  (providing  that  the 
lose  has  been  sufficiently  large).  It  should  therefore  be  given  several 
tours  before  the  expected  paroxysm  so  as  to  allow  time  for  its  absorption. 
Fhe  dose  should  then  be  quite  large:  i  to  2  Gm.  given  (fasting,  if  possible) 
two  to  three  hours  before  the  expected  attack  (which  will  in  all  probability 
occur),  or  0.3  Gm.  four  to  five  times  a  day  in  the  interval;  0.5  Gm.  per 
flay  should  be  continued  for  three  months  after  the  last  chill. 

To  be  promptly  cfTective,  the  quinin  must  be  administered  in  solution:  M 
Large  doses  of  quinin  sulphate  in  pills  or  powder  may  be  largely  wasted,  | 
if  they  are  not  dissolved  or  absorbed.     The  sulphate  requires  72a  parts 
if  water  for  solution;  the  hydrochlorid  is  more  soluble  (1:18);  but  the 
bisulphate  (1:8.5)  ^^  the  dihydrochiorid  arc  the  best.  ,H 

Ehrlich  suggested  using  methylen  blue  with  quinin.  ™ 

It  is  not  customary  to  prescribe  ilm  bisulphatc  directly,  but  to  bring  thi;  sulphate 
■Mlution  by  the  addition  of  a  sufficient  quantity  of  dilute  sulphuric  acid.  The 
wfSty  of  acid  should  bf  rather  in  excess.  If  it  is  only  just  sufficieni.  some  sulphate  will 
fc precipitated  on  the  tongue  by  the  alkalint:  saliva,  and  give  rise  to  a  very  persistent 
rflCT  easte.  There  will  be  very  little  of  this  if  an  excess  of  acid  is  used  and  the  mouth 
insed  aften\'ard. 

Urgent  cases  may  ciemand  inlramuscuiar  injections  of  quinin  di- 
lydrochlorid  (i  Gm.  in  10  c.c.)  or  of  quinin-urea  hydrochlorid  (2  Gm.  in 
i  to  10  c.c).  Intraglutcal  injections  must  not  be  made  t<x)  near  to  the 
tdatic  nerve,  or  they  may  cause  extremely  painful  and  paralytic  disturb- 
ffices  of  the  leg  (Sicard,  Rimbaud  and  Roger,  1917). 

Intravenous  injeclions  of  the  hydrochlorid  have  also  been  used.  Con- 
>entrations  of  1:150  are  dangerous  (MacGilchrist);  and  even  lower  con- 
centrations should  be  used  with  caution,  for  fear  of  direct  cardiac  effects. 

Immediate  death  has  been  reported  by  Thayer,  iQii,  and  James,  191 1 
cited  by  Eggleston,  1917).  Under  proper  precautions,  however,  very 
Iroag solution  (to  5  or  to  per  cent)  may  beinjected  (A.D.  McLean,  1917). 

,  Ute  in  Miiligfuint  Malaria. — Practically  all  cases  of  malignant  malaria  are  due  to  the 
tlivo-aulumnal  plasmodium  (P.  faldparium).  This  spends  only  a  fourth  of  its  life 
^dc  in  the  circulating  blood;  the  rcimaindcr  in  the  capillaries,  where  it  is  nol  easily 
nched  by  the  quinin.  The  parasites  enter  the  circulation  after  they  segment.  Since 
ka  process  is  continuous,  a  sufficient  concentrLition  of  quinin  must  be  maintained 
|tbebk>od  continuously. 

Tbe  absorption   from   the   intestinal    tract  is  too  slow  for  these  severe  cases,  and 
lermic  injection  may  not  t>e  any  l>cttcr,  since  the  local  irritation  often  dcU>'% 
>lion.     Intravenous  injection  is  therefore  preferable  in  serious  cases.    Quinin, 
administered  by  vein,  appears  in  the  urine  in  a  few  minutes;  often  a  half  of  the 
is  eliraiaatcd  in  twelve  hours,  and  practically  all  in  a  day. 

Rei4ipse$. — Unless  the  quinin  treatment  is  continued  for  wedcs,  re- 
ipses  are  likely  to  occur  from  time  to  time,  for  many  months  or  some- 
fees  several  years.  Some  of  these  are  due  to  reinfections;  often  from 
Irriers  in  the  family  (De  Buys,  1920};  but  there  is  reason  to  believe 
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that  they  may  also  be  due  to  the  survival  of  a  few  of  the  original  plj 
(Bass,  1919). 

Aftcr-Treaimeni. — Quinin,  0.65  Gm,,  10  grains,  daily,  should  be  con- 
tinued for  at  least  8  weeks  after  the  last  paroxysm. 

This  is  necessary  thoroughly  to  disinfect  the  patient,  so  as  to  prevent  rctspsc  is 
himself,  and  contagion  of  the  communitv,  especially  those  in  close  association  with  hir 
The  chief  source  of  malaria  transmission  consists  of  carriers  that  have  not  been  sub^K 
ciently  disinfected  after  a  malarial  attack  (Bass,  19J0). 

The  above  method  disinfects  90  per  cent,  of  the  patients;  complete  disinfection  ca'^K 
be  assured  by  giving  three  daily  10  grain  doses  for  tne  first  three  or  four  days,  then  lb^-« 
single  daily  10  grain  dose  for  8  weeks. 

With  adult*},  Bass  advises  the  ouinin  in  the  form  of  2  tablets  of  5  grains  of  the  su^~ 
phate  at  night.  For  children  unaer  eight,  the  proportionate  dose  may  be  givni  Lzi 
syrup  of  yerba  santa. 

Quinin  as  Antimalarial  Prophylactic. — Opinions  differ  as  to  its  ei5- 
ciency;  but  it  is  now  generally  believed  to  protect  if  adequate  doses  ai 
used;  at  least  0.5  Gm.  and  better  0.65  Gm.  per  day;  and  propwriior 
doses  for  children. 


prophylactic  Adminislration. — The  Italian  method  of  daily  administration  IS 
generally  preferred  to  the  Koch  method,  which  used  somewhat  larger  doses  with  lo 
inter\'als.    The  Koch  method  required  less  quinin,  but  is  less  efficient  and  more  unooto 
fortablc  (H.  R.  Carter,  1914). 

ftalian  XfeAhod. — Alariani  proposed  0.5  Gm.  daily,  in  divided  doses.  Bass  found 
tiiat  this  sumctimcs  failed,  and  propusc*d  0.65  Gm.  of  the  sulphate  (in  tablets)  t^Vf 
night.     The  tannatc  may  be  use<l  for  children. 

SifU  Efrcts. — The  dnchonism  from  0.5  Gm.  per  day  is  usually  not  serious,  and  iho** 
who  object  to  it  at  first  may  become  accustomed  in  a  week  or  so.  The  sulpltate  K<in** 
to  be  better  tolerated  than  the  more  soluble  forms.  No  injurious  effects  h»vc  bf<» 
repwrtcd  from  extensive  use  of  6  grains  daily  for  at*,  years  (Carter).  It  does  notU^''*' 
hematuria,  and  docs  not  render  the  plasmodia  resistant  to  active  quinin  treaUncnU 
should  this  become  necessary  (Carter). 

E^i&ncy. — -This  is  high,  although  it  does  not  equal  mosquito-control.  It  in- 
hibits, rather  than  kills,  the  organisms;  for  malaria  may  develop  a/ter  the  quioio  i* 
stopped,  although  the  patients  have  not  been  exposed  to  further  extmneou^  infeclioo 
(Carter)  This  explains  why  quinin  prophylaxis  does  not  eradicate  the  disease  from* 
region;  for  those  taking  prophylaxis  maj'  become  carriers.  Accordingly  Onuislein. 
1912,  after  subjecting  a  malarial  community  to  sx-^tematic  quinim^ation  by  the  Kocii- 
Ollwig  method,  found  the  incidence  of  malaria  practically  unchanged. 

Koch  Method. — This  consists  in  i  Gm.  of  quinin  on  each  of  a  successive  days,  wilt 
intervals  of  7  to  9  days;  or  0.5  Gm.  twice  a  week  (Carter"). 

Administration  of  Small  Doses. — Small  doses  of  quinin  sulphate  0^ 
hydrochlorid  may  be  easily  administered  in  the  forms  of  pills  or  capsulrs; 
or  in  solution,  the  taste  being  disguised  by  glycyrrhiza.  (No  acid  mWt 
be  prescribed  with  the  latter!)  The  free  alkaloid  is  almost  tasteless,  a"[l 
the  tannate  quite  so,  because  of  their  slight  solubility.  Their  absorpIK''* 
may  not  suffice  for  large,  but  Ls  probably  adequate  for  small  doses.  They. 
can  be  placed  dry  on  the  tongue  and  swallowed  with  a  draught  of  watcf- 

Antimaiarial  Efficiency  of  Cinchonc  Alkaloids. — MacGilchrist  states  this  tn  be ifl*^! 
order  of:  Hydroquinin>cinchonin,  quinin.  quinidin  >ethylhydroxycuprein>  of^' 
chonidin  >quinoidin;  the  first  being  the  most,  the  last  the  least  active.  The  saraeon^" 
holds  for  the  different  forms  of  the  parasites.     Confirmation  would  be  desirable. 

The  efficiency  of  the  cinchona  alkaloids  has  also  been  cum|>ared  by  Gicmsa  wa 
Werner,  igi^.  Waters.  1916,  again  recommended  qititundin  as  a  cheap  and  f»i"? 
efficient  quinin  substitute. 

Quinicin  is  practically  ineffective  (Stephens  et  al,  1918). 

Acton.  tQzo,  found  tcvorotao'  quinin  more  active  against  malignant  tertiary  psf^* 
sites;  and  dextro-quinin  more  cffidcnt  against  benign  tertiary  plasmodia. 
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»bic  Dysentery. — Quiain  is  used  for  recUU  irrigation.    Its  administration  by 
Ih  (a  Gra.  per  day)  is  sometimes  effective,  but  less  certain  than  cmetin  (Brooks, 

les. — V.  H.  Moon,  1OJ3,  reported  apparently  successful  results  with  quinin  on 
In  1915,  he  reports  them  only  very  snghtly  positive  and  practically  negligible. 

UDficquect  observers  report  negative  results  (Krumwicde  and  Mann,  1915;  Fielder, 

,  1916). 

QUININ  DERIVATIVKS 

The  esters  of  quinin  with  Mirious  acids  are  insoluble  and  therefore 
eless.  They  pass  the  stomach  unchanged,  but  are  slowly  saponified 
he  intestines;  in  this  way  exhibiting  a  very  gradual  and  presumably 
k  action.  They  are  more  easily  administered,  and  produce  less  side 
ons,  but  are  not  always  devoid  of  cinchonism  (Seifert,  Nebenwirk., 
5,  pp.  1 1 5-' 19)- 

!*hey  are  used  in  the  same  doses  as  quinin,  in  powder  or  suspended  in  liquids.  To 
type  belong: 

kristochin  (diquinin  carbonic  esterj;  euquinin  (qutnin  ethyl  carbonic  ester)  and 
piinin  (quinin  salicylic  ester)  ^  the  tatter  may  be  used  for  a  weak  salicylic  action;  and 
apkenin  (phenetidin  quinin  carbonic  ester)  for  exhibiting  simultaneously  the  action 
henacetin.  As  to  the  last  two  mentioned,  there  is  no  advantage  in  a  chemic  com- 
>tion  of  two  therapeutic  agents-,  on  the  contrary^  it  prevents  the  necessary  elasticity 
osige. 

t  ABSORPTION,  FATE  AND  EXCRETION 

hsorption. — Quinin   is   absorbed   mainly    from    the   small   intestine 
acGilchrist).     The  absorption  is  materially  hindered  by  gastrointes- 
il  irritation,  vomiting,  diarrhea,  etc.  (Porak,  1918). 
Fale. — The  greater  part  of  the  administered  quinin  is  destroyed  in  the 

The  destruction  involves  usually  60  to  70  per  cent,  and  sometimes  to 
percent,  of  the  quinin  (Merkel,  1Q02;  Biberfcld,  1016;  Schmitz,  1907; 
•ak,  1918;  Hartmann  and  Zila,  igi8).  Perfused  liver  also  destroys 
nin  (Grosser,  1908). 

Ptrsislrnre  in  Blood  and  Organs. — After  inlnivenous  injection,  the  concentration  in 
blood  sinks  rapidly  at  Grst,  then  more  slowly.     With  oral  administration,  the  blood 
ccntration  remains  practically  level  for  24  hours  (Hartmann  and  Zila,  1918).     It  is 
taioed  chiefly  in  the  corpuscles  (Baldoni,  191 7.  igi.^). 
rhc  brain,  liver  and  spleen  generally  contain  more  than  the  blood  (Haur  ct  al.  1918). 

Excretion. — Quinin  is  excreted  mainly  by  the  urine,  and  somewtuit  by 
feces,  even  after  parenteral  administration.    Traces  are  also  found 
)ther  secretions. 

ttlsalwa>>s  present  in  the  gastric  and  intestinal  contents  after  hypodermic  injection, 
ttoand  in  animals.  Its  appearance  in  the  bite  and  saliva  is  irregular  (Hartmann and 
ti9i3;  haur  ct  al.  igi8;  Lacage  and  Valdigruie,  iqiq;  Koldcwijn.  1910). 
mOurse  of  £ifff/ian.— The  urinary  excretion  begins  wilhin  half  an  hour,  and  is 
^ticilly  completed  in  ^4  hours  (Nishi,  1909;  Baldnni).  Traces  may  continue  for 
Lys  or  longer  (i^cage  and  Valdigruie,  igig).  The  feces  do  not  contain  it  after  24 
rs  (Lacage  and  VaMi-^rjie). 

Hie  maximum  in  the  urine  is  reached  in  4  to  10  hours,  independent  of  the  dose  or 
h«i  of  administration.  This  would  indicate  that  doses  should  be  repeated  cver>' 
'_4  hours.  The  excretion  is  delayed  in  severe  nephritis  and  diminished  in  cardiac 
;nsatlon  (Porak.  29x8). 


PREPARATIONS — QUININ    GROtTP 

ordinary  sails  of  quinin  are  while,  odorless,  and  intensely  bitter, 
axe  incompatible  with  alkalies  and  other  alkaloidal  prccipitants,  and 
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with  salicylates,  benzoates,  tartrates.  Solutions  coataining  free  organS 
acids  deteriorate  slowly.  Average  dose  of  all  quinin  salts:  tonic,  o.i  Gm_ 
iH  gr.;  malarial,  at  least  i  Gm.,  15  gr.  daily,  U.S.P.;  ordinary  dose,  B.F" 
0.06  to  0.6  Gm.,  I  to  10  gr.  The  solubilities  are  shown  in  the  foUowina 
table.. 


One  part  dis- 
solves in  water 


In  alcohol 


QUININA     (Quin.),     U.S.P.;     C,oH«N,0, -f 

3H,0 

*QUIN,   BISULPH,,  U.S.?.;   Qu.»   HiSG*  + 

7H,0 

QC/IN.  HYDROBROM.,  U.S.P.;  Qu.  HBr  + 

H,0 

*QUIN.    HYDROCHL.,    U.S.?.,    B.P.;    Qu.- 

HC14-3H,0 

QUIN.     DIHYDROCHL.,     U.S.P.;     QUIN. 

HYDROCHL,  ACID,  B.P.;  Qu-aHa 

QUIN.  SAL.,  U.S.P.;  Qu.CtHbOi+HjO 

*QUIN,  SULPH.,  U.S.P.,  B.P.;  Qu  OltSO*  + 

7HjO 


1,560 

9 

40 
x8 

0.6 

slightly 

72s 


o.S 

23-0 

0.9 

0.8 

X2.0 
14.0 

XO7 


R«acttoiio 
■dtttiotu 


Alk. 
Add 
Neutx. 
Neutr 

Add 

Alk. 

Neutr. 


^  "Qu"  stands  for  CioHi4NtOt. 

*Quinina  Tannas  (Quin.  Tan.),  U.S.P. — A  compound  of  quinin  and  of  tannicacid 
of  somewhat  varying  composition  and  containing  about  33  per  cent,  of  anhydrous 
quinin.  Pale  yellow,  amorphous  powder;  tasteless,  or  having  not  more  than  a  aigbtly 
bitter  and  astnngent  taste.  Slightly  sol.  in  water;  somewhat  more  sol.  in  ale.  DosejO-J 
Gm.,  3  gr.,  U.S.P.  _  . 

*Quinin<e  el  Urea  Hydrochloricum  (Quin.  et  Urea.  Hydrochl.), U.S.P. ;  Qu-HQCX)- 
(NHi5i-HCl  +  sHjO. — Colorless  prisms  or  white  granular  powder,  bitter  taste.  Very 
sol.  in  water  (1:0.9),  freely  sol.  m  ale.  (1:2.4).  Solutions  are  strongly  add.  Dost, 
1  Gm.,  15  gr.,  once  daily,  hypodermic,  U.S.P. 

{Ferr.  et  Qinn.  CU. — See  Index.) 

\EI.  Ferr.  Quin.  et  Sirych.  Pkosph.—See  Index.) 

Pil.  Quin.  Sulpk.,  B.P. — 82  i>er  cent.    Dose,  0.12  to  0.5  Gm.,  3  to  8  gr.,  B.P. 

Tr.  Quin.,  B.P. — 2  per  cent,  in  Tr.  of  Orange.    Dose,  2  to  4  c.c,  H  to  i  dram,  B-P- 

Tr.  Quin.  Ammon.,  B.P. — 2  per  cent.,  in  ammoniated  alcohol.  DosCy  3  to  4  ^^' 
34  to  I  dram,  B.P. 

Vin.  Quin.,  B.P. — 0.23  per  cent.     Dose,  16  to  30  c.c,  H  to  x  ounce,  B.P. 

Tinctura  Antiperiodoca,  N.F.  (Warburg's  Tincture. — This  is  used  in  Indit  for 
administering  quinin  against  malaria.  It  contains  2  per  cent,  of  quinin  sulphate,  0.3 
Gm.  per  tablespoon,  with  rhubarb,  aloes,  camphor,  ana  aromatic  drugs. 

Quinina  Ethylcarbonas,  N.N.R.;  Euquinin;  CaoHj|NiOO-CO-OCiHi.— Netfiy 
tasteless  and  insoluble.     Dose,  as  for  Quinin. 

Aristochin,  N.N.R.;  Diquinin  carbonic  ester;  (CioH«N»0)OCOO  (CjoHjjNiO)- 
Nearly  tasteless  and  insoluble.     Dose,  as  for  Quinin. 

Cinckonidina  Sulphas  (Cinchonid.  Sulph.),  U.S.P.;  (Ci»H«NiO)i.HiS04  +  jH^ 
White,  glistening,  silky  needles  or  prisms;  odorless  and  having  a  very  bitter  taste.  Sw- 
in  water  (x:6s)  or  ale.  (1:95}-     Dose,  0.15  Gm.,  2}4  gr-i  U.S.P. 

Cinchonina  Sulphas  (Cinchonin.  Sulph.),  U.S.P.;  (Ci»Ht3NtO)rHtS04  +  aHiOr- 
White,  lustrous,  prismatic  crystals;  odorless;  very  bitter  taste.  Sol.  in  water  [i'-^ 
or  ale.  (i :  12.5).     Dose,  0.15  Gm.,  2)4.  gr.,  U.S.P. 

Cinchona,  U.S.P.  (Yellow  Cinchona;  Calisaya  Bark;  Yellow  Peruvian  B»rk).-^ 
The  dried  bark  of  Cinchona  Ledgeriana,  Cinchona  Calisaya,  and  of  hybrids  of  these  mX» 
other  species  of  Cinchona,  yielding  not  less  than  6  per  cent,  of  the  total  alkaloids.  Do^^ 
I  Gm.  IS  gr.,  U.S.P.  , 

Cinchona  Rubra,  U.S.P.;  Cinch.  Ruhr.  Cort.,  B.P.;  Red  Cinchona.— The  dried  bsrt 
of  Cinchona  succinibra  or  of  its  hybrids,  yielding  not  less  than  6  per  cent,  of  the  totv 
alkaloids  of  Red  Cinchona;  5  to  6  per  cent.,  B.P.     Dose,  i  Gm.,  15  gr.,  U.S.P. 
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/«/.  Cinch.  Acid.,  B.P.— 5  per  cent,  of  Cinchona,  with  1.35  per  cent,  of  Add  Sulph. 
om.    Dose^  15  to  30  cc,  34  to  1  ounce,  B.P. 

Fld€xt.  Cinch.,  U  S.P.;  Exl.  CincM.  Liq.,  B.P. — 5  per  cent,  of  alkaloids.  Dose,  i 
u,  15  minims,  U.S. P;  0.3  to  i  c.c.,^  to  15  minims,  B.P. 

*TinctuTa  Cinchona  (Tr.  Cinch.j,  U.S.P.,   B.Pr—JO  per  cent,  of  Cinchona,  with 

alcohol.  ImompatilAc  with  water,  iron  and  alkaloidal  precipitants.  Dose,  4  ex., 
Iram^  U.S. P.;  a  to  4  c.c,  ^  to  i  dram,  B.P. 

•rr.  Cinch.  Co.,  U.S. P.,  B.P. — 10  per  cent,  of  Cinchona,  with  2.^  per  cent,  of 
rpentaria.  together  with  Bitter  Orange.  The  B.P.  is  colord  with  Cochineal;  strongly 
:obolic.     Dose,  4  c.c,  I  dram,  U.S. P.;  2  to  4  c.c,  y^  to  i  dram,  B.P. 

Alstonia,  B.P. —The  dried  bark  of  Alstonia  scholaris  and  constricta.  Contains 
:AJoid9  and  is  employed  in  India  against  malaria;  also  as  a  bitter  tonic,  anthelmintic 
d  against  diarrhea. 

/»/.  Alston.,  B.P. — 5  per  cent.     Dost,  15  to  30  c.c,  5^  to  1  ounce,  B.P. 
J>,  Alston,^  B.P. — 13. s  per  cent.    Dose^  2  to  4  c.c,  V^Xoi  dram,  B.P 

P  HYDROCUPREIN  DERIVATIVES 

Getutal  Siatcmeni. — The  alcoholic  derivatives  of  hydrocuprein  were 
und  by  Morgenrolh  to  possess  a  high  bactericidal  efficiency;  even  in  the 
resence  of  protein;  and  at  the  same  time  a  relatively  low  toxicity  to  the 
ssue  cells.  They  were  therefore  proposed  as  tissue-antiseptics,  both  for 
ical  and  systemic  application.  The  germicidal  power  varies  specifically 
>r  different  bacteria.  Ethylhydrocuprein  ("  optochin ")  is  especially 
Mac  to  pneumococci;  whilst  higher  homologues,  such  as  ''eukupin'*  and 
vuzin"  are  more  efficient  against  pus  or^nisms. 

The  practical  application  of  these  derivatives  is  in  an  experimental 
*ge.  Optochin,  whilst  eflFective  against  exfierimental  pneumonia  in 
lice,  is  not  very  successful  clinically;  and  on  the  other  hand,  is  liable  to 
roduce  blindness.  Eukupin  and  vuzin,  were  tried  quite  extensively  by 
tK  Germans  as  wound  antiseptics. 

Composition. — The  structure  of  hydrocuprein  may  be  represented  as: 

Linkage 
ft  C«Hi  -  CH  -  CH  -  CHj     CHOH  -  C      CH 

^he  most   im 
BaU  (or  the  E 


CHi 
I 
CH,  -  N    - 


Quinonuclidin  group 


CH 


CH  C     COH 

I      I!      I 
CHC     CH 
\/\^ 
N     CH 

Quinolin  group 


important   Morgenroth  substances  are  derived  by  substituting  alkyl 
(or  the  H  in  the  quinolin.     These  are: 


Optochin. — Kthyl  hydrocuprein:     CHjCH,  in  place  of  H 


I 


Eukupin. — Isoamyl  hydrocuprein:     CHa—  CHi  —  CH — ^ 


CH] 
CH, 


/ 


'tain. — Isooctyi  hydrocuprein:     (CHi)»  —  CHC 


CH, 
CH, 


S0US. — llie  bases  are  but  slightly  soluble  in  water.     Saltsareformed,  as  withquinin. 

the  addition  of  acid  groups  to  the  N  of  the  quinonudidin  group  (mono-add  or 
aitraJ"  salts);  or  to  this  and  the  N  of  the  quinoiin  group  (bi-acid  or  "arid'*  salts). 
p  Utter  are  easily  soluble  in  water;  forming  feebly  add  solutions  by  hydrolylic  deav- 


Phenol 
Mercuric  chlorid 

Concentration: 
1:800 

2500 

Quinin 
Optochin 
Eukupin 
Vuzin 

4000 
sooo 

60,000 
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Relative  Baciericidal  EJkiency. — The  hydrocuprein  derivatives  are  hi^y  anttsqitic 
in  vitro.  Strepto  and  staphylococci  cultures  are  killed  in  24  hours  by  the  following 
dilutions  (quoted  from  Bruhn,  1919) : 

Effiaency  Ratio 

I 
3 
5 
6 

40 

75 

The  efficiency  evidently  increases  with  the  size  of  the  alkyl  radical:  This,  however, 
does  not  a])ply  to  all  organisms,  for  toward  pneumococd,  optochin  is  more  effective 
than  eukupina  or  vuzin. 

Quinotoxin  Derivatives. — Derivatives  analogous  to  quinidn  (quinotozin)  may  be 
formed  from  the  series.  These  are  more  powerfully,  and  especially  more  promptly 
effective.  For  instance,  the  eukupin  derivative  is  2  to  4  times  more  active,  and  ^ 
times  more  rapid,  than  eukupin  itself.    With  vuzin,'  the  increase  is  not  quite  as  great. 

STHYL-HYDROZycnPREm  (OPTOCHIN) 

Action  of  Pneumonia. — ^This  drug  has  a  specific  toxicity  for  pneumo- 
cocci  (Morgenroth  and  Halberstaedter).  It  is  highly  successful  against 
experimental  pneumonia  in  mice;  but  much  less  successful  in  man.  Its 
application  is  further  limited  by  the  fact  that  efficient  doses  are  liable  to 
produce  blindness. 

Bactericidal  Action  on  Pneumococci. — In  vilrOf  the  dru^  inhibits  the  growth  of  pneS' 
mococd  with  a  concentration  of  1:800,000  in  serum;  it  kills  them  with  1:400,000 
(Wright,  19x2).  The  action  is  very  slow  with  low  concentrations*  and  increases  in  speed 
with  the  concentration. 

Serum  reduces  the  activity  to  J^  or  ^o  (Cohen,  Kolmer  and  Heist,  1917). 

Solutions  in  blood  are  even  less  active  than  those  in  serum;  but  the  entire  blood  ii 
more  active  than  the  serum  separated  from  it,  since  the  corpuscles  take  up  a  hi^ief 
percentage  of  the  drug  (Morgenroth,  1918). 

Spedficity. — All  strains  of  pneumococd,  as  also  streptoa>cci,  are  inhibited  in  ntf* 
by  concentrations  of  x:  100,000;  whereas  other  streptococci,  meningococci  and  gooo- 
cocci  require  1:10,000-5^000.  However,  transition  races  are  occasionally  found. 
Quinin  requires  much  higher  concentrations.  Optochin  also  increases  greatly  (poten- 
tiates) the  efficiency  of  anti-pneumococcus  serum  (Nachmann,  1915;  H.  F.  Moore,  iQis)* 

Phagocytis. — Optochin  (and  quinin)  accelerate  the  phagocytosis  of  pneumococc 
(Cohen  et  al.) 

Experimental  Pneumonia. — Morgenroth,  1911,  found  optochin  more  effective  U»b 
quinin  against  trypanosome  and  pneumococcus  infections  of^  mice.  With  tbejef 
optochin  is  effectively  prophylactic  in  90  per  cent.,  and  curative  in  50  per  cent,  of  the 
experimental  infections  (Morgenroth  and  Levy;  Engwer,  191 2).  The  serum  of  labbiti 
is  bactericidal  after  hypodermic  doses  of  o.i  Gm.  per  kilogram,  which  are  well  tolerated. 
Larger  doses  are  usually  toxic.     Oral  administration  is  not  as  effective  (Moore,  1915)- 

Human  Pneumonia  (Lobar), — The  clinical  efficiency  is  difficult  to 
judge,  but  it  is  at  best  much  less  successful  than  in  animals.  Some 
clinicians  report  improvement  when  it  is  used  in  the  first  two  or  three  days 
of  the  disease  (Lapinski,  1915,  A.  Fraenkei,  1915);  but  the  trend  of  liter- 
ature is  not  encouraging  (Moore  and  Chesney,  1917,  1918,  Leuck^  191*); 

Reasons  for  Failure  in  Human  Pneumonia. — Really  effective  doses  are  too  dai^' 
ous.  Although  it  is  possible  to  render  the  blood  serum  toxic  to  the  pneumococd  is  * 
few  hours,  by  fairly  safe  dosage  (see  under  administration);  the  germiddai  actioab» 
slow  (requiring  20  hours  in  vitro),  as  to  permit  new  generations  of  bacteria  to  come  in?* 
the  blood  from  the  lungs,  etc.  (R.  Cole),  InsufiScient  dosage  induces  "fasti»e9»"|j 
the  body  and  in  vitro.  It  is  also  very  doubtful  whether  the  drug  penetrates  throop' 
the  alveolar  exudate  (Moore  and  McChesney,  1918). 

Further  reviews  of  the  clinical  results  are  given  by  Cohen,  Kolmer  and  Heist,  i^^V* 
Moore  and  Chesney,  1917,  1918. 
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Blindness. — This  occurs  all  too  frequently  even  with  the  ordinary  therapeutic 
dwcs,  such  as  1.5  Gm.  per  day.  Fracnkcl,  X915,  obtained  some  degree  of  amblyopia 
in  10  per  cent,  of  his  series.  One  case  has  been  reported  after  0.5  Gm.  Whilst  this  is 
usually  temporary,  the  administration  of  the  drug  involves  serious  resixinsibilily. 

Course  of  tke  Amhlyofiia. — The  disturbance  of  vision  generally  stiirts  abruptly  and 
IS  usually  severe,  often  progressing  to  complete  amaurosis.  The  pupils  are  maximally 
dilated.  If  the  drug  is  stopped,  the  \'ision  usually  improves,  after  a  few  days,  but  some- 
times only  after  months;  and  even  in  the  more  favorable  cases  there  remains  more  or 
less  restriction  of  the  visual  field,  central  scotoma,  and  impaired  color  vision  (literature, 
A.Ad!er,  1916). 

FiUhology. — Optochin  produces  the  same  changes  as  quinin,  but  with  much  smaller 
dotes  and  greater  frequency.  The  eye  ground  is  ischemic,  sometimes  preceded  by 
veaout  stasis.  The  optic  disc  becomes  swollen  and  the  retina  edematous.  There 
may  be  effusion  into  the  lymph-shcath  of  the  optic  nerve,  resulting  in  compression  of 
Uic  vessels  and  nerve  fibers.  Improvement  of  vision  may  begin  whilst  the  ischemia 
rtill  persists;  on  the  other  hand,  the  condition  may  progress  to  retinal  and  optic  nerve 
changes  (literature,  Adler,  1016,  experimental,  HirschfeJdcr,  IQ15). 

(hhcr  Side  Actions. — The  susceptibility  to  these  varies  greatly  in  different  indi- 
viduals. Temporary  cinchonism  and  vomiting  arc  of  frequent  occurrence  (Seifert, 
Xebenwirk,  191 5). 

Administralian. — Moore  and  Chesney  find  oral  administration  most 
satisfactory,  and  use  the  hydrochlorid,  preferably  in  capsules.  The  daily 
dose  should  be  0.024  Gm.  per  Kg.  (1.5  Gm.  per  60  Kg.),  and  this  should 
be  divided  so  that  a  fraction  (t.«.,  0.15  Gm.)  is  taken  every  2\^  hours,  to 
maintain  a  constant  concentration  in  the  blood  (on  the  first  day  this 
routine  is  modified,  starting  with  an  initial  dose  of  0.45  Gm.,  and  following 
this  every  3  hours  by  0.15  Gm.),  There  is  a  slight  accumulation,  and 
the  drug  should  not  be  continued  beyond  3  or  4  days.  The  vision  should 
be  carefully  tested  throughout, 

Pneumoiorcus  Meningitis, — Rosenow,  iq?o,  used  lumbar  subdural  injection  of  20 
cc.  of  1:500  on  a  patient,  with  recovery.  He  claims  that  this  dosage  is  harmless,  and 
ttay  be  repeated  after  i  or  2  days|  but  this  statement  would  require  confirmation. 

Otiher  Infectioas. — Izar  and  Nicosia,  1914,  use  it  in  malaria  because  the  cinchonism 
11  shorter  than  with  quinin.  Lev>*,  1912,  also  claims  a  curative  effect  against  strepto- 
coccus mucosus. 

Uayfevcf. — Hacke,  loig,  reports  good  results  from  swabbing  with  i  per  cent,  opto- 
chin hydrochlorid.     Confirmation  is  required. 

Ophthalmic  Use. — Optochin  hydrochlorid  is  used  locally  as  antiseptic, 
irritant  and  anesthetic,  in  conjunctivitisj  and  on  ulcers,  especially  ulcus 
comeae  serpens.  A  fresh  1  per  cent,  solution  is  applied,  at  first  every 
2  hours  (Bedell,  1920).  The  first  instillation  is  painful  but  this  is  followed 
Kol  anesthesia^  lasting  J-tj  hour  or  longer  (Morgenroth  and  Ginsberg 
and  1Q13). 

Cftker  concentrations  are  ineffective;!  per  cent,  does  not  cause  permanent  damage. 
stronger  solutions  injure  the  cornea.     Subconjunctival  injections  of  ^  to  i  per 


also  produce  local  injury  (R.  Sclineider,  igio). 
mucologic  Actions. — These  correi^pan<l  qualitatively  with  quinJn.  but  are  more 
Intravenously,  optochin  is  more  depressant  to  the  heart,  the  blood  pressure, 
:er,  falls  less  than  with  quinin.  since  there  is  also  vasoconstriction.  The  anlipy- 
efficiency  of  optochin  is  smaller  (Smith  and  Fantus,  igi6).  It  has  but  little  in- 
)r>*  action  on  tnc  emigration  of  leucocytes  (Ikcda,  1916). 
I  Ffog  Heart  Perfusion. — Smith  and  Fantus  observed  decrease  of  both  diastole  and 
■ystolc  by  \ :  50.000  in  Ringer's. 

Perfused  AfammaNati  He^rt. — Doeschate  and  Lacuwcn^  J917*  obtained  diminished 
bontractions  with  1:40.0(30,  and  standstill  with  i:20,ocx3,  in  T>Tode*8. 
I      Perfused   Vessels. — The  peripheral  vessels  are  constricted  in  frogs  and  mammals 
r&  md  F.l;  but  the  coronary  vessels  arc  dilated  (D.  and  L.). 

I      Bfoijrf  pressure. —  Intravenous  injection  produces  marked  fall  (S.  and  F.j  D.  and  S.), 
Woe  to  cardiac  depression.     In  man,  intravenous  administration  produces  cardiac  arrest. 
Fate- — The  alkaloid  disappears  rapidly  from  the  plasma  after  intravenous  injection. 
iciisls  longer  and  in  greater  amount  in  the  corpuscles  (Boccker,  IQ15). 
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EDKUPIN  AND  VUZIN 

General  Statement. — These  alkyl  derivatives  of  hydrocuprcin  act 
similarly  to  quinin.  They  were  introduced  by  Morgenroth,  1917,  as 
wound  antiseptics,  and  were  used  as  such  by  the  German  Army  during  the 
war.  They  appear  to  combine  a  high  antiseptic  action,  even  in  the  prcit- 
cnce  of  proteins,  vihh  relatively  low  toxicity  to  tissues.  Their  persistent 
analgesic  action  is  also  a  desirable  feature. 

The  clinical  reports,  as  is  usual  with  new  antiseptics,  have  been  almosl 
uniformly  laudatory,  especially  as  regards  their  prophylactic  valui*. 
However,  there  does  not  seem  to  have  been  any  carefully  controlled 
€xp>erimeiital  comparison  with  other  antiseptics,  and  with  simple  clean 
surgery. 

The  free  bases  are  practically  insoluble  in  water,  but  dissolve  in  oik.  The  bihydro- 
chlorids  arc  used  as  stMuble  sails;  that  of  the  eukupin  dissolving  tn  water  to  5  percrot., 
(stronger  solutions  arc  turbid)  that  of  vuzin  up  to  tio  per  cent.,  and  above  5  percvoi 
Serum  dissolves  K.  hi  liCl  to  1:14,000;  V.  bi  HCl  to  1:20,000;  the  lower  solubility 
being  due  to  the  liberation  of  the  base.  Solutions  should  be  freshly  made,  as  theaali 
septic  cfliciency  diminishes  materially  even  in  a  few  days.  Contact  with  alkalies  must 
be  avoided, 

Bactericidal  Efficiency  in  Vitro. — This  was  stated  for  pus-organisms,  in  a  prcviom 
section.  Other  bacteria  are  also  Inhibited  by  high  dilutions;  the  micrococcus  tetn- 
genes,  for  instance,  by  eukupin  i:  150,000;  or  vuzin  1:300,000.  The  cholera  Nnbriosart 
rather  resistant  (literature  in  Bruhn,  10^9;  Bylsma,  t<)2o). 

In  general,  concentrations  of  ^  to  ^  of  the  bactericidal  suffice  to  inhibit  bacleriil 
growth.  The  activity  is  not  materially  hindered  by  protein  to  2  per  cent.;  but  hi|lwT 
protein  contents  hinder  markedly.  The  bases  arc  not  as  active  as  the  salts.  SurviWni 
bacteria  do  not  acquire  fastnc5*>  (Bruhn). 

Tissue  Injury. — The  "harmlessncss"  of  these  drugs  holds  only  for  very  dilute  sola- 
lions.  For  inst^ncc,  the  hypodermic  injection  of  solutions  of  vuzin  i:  tooo  or  cakupis 
1 :  500  produces  considerable  local  edema,  associated  with  some  fever,  malaise  and  heu- 
achc.  These,  however,  all  recede  rapidly  (Bibcrgcil,  1918).  H>'podermic  injectwtf 
of  s  per  cent,  solutions  result  in  local  necrosis  (Bylsma).  Even  the  i:  10,000  solutJon* 
produce  sufficient  pain  to  make  the  addition  of  procain  advisable.  The  cornea  »1» 
responds  by  local  reactions,  as  described  below. 

Clinical  Application  to  Wounds.— Vuzin  was  at  first  applied  as  washes  to  wouwfaf'' 
the  soft  parts  and  bones;  but  resulted  only  in  slight  decreas  of  suppuration.  Klipp 
(1917,  191K)  then  developed  the  application  by  infiltration  with  1:10,000  or  1:5000 
solutions,  containing  \i  per  cent,  of  procain  and  some  epinephrin,  in  o.q  per  cent.  NftCt 
The  vuiin  or  eukupin  is  dissolved  by  heat;  or  by  dilution  of  the  10  per  cent 
alcoholic  solutions.  The  injections  are  made  from  the  sound  tissue  toward  the  wcmooj 
impregnating  the  entire  surrounding,  below  as  well  as  around  the  wound,  using  up  to 
800  c.c.  if  necessary.  The  dead  tissue  is  cut  away,  and  the  wound  sutured,  fhr 
injections  may  be  repeated  daily,  if  necessary. 

This  results  in  less  pus.  because  of  the  antileucotactic  action  of  auinin  deri%'abv(*' 
The  granulations  and  tne  adhesion  of  the  wound  edges  are  delayed;  but  the  total  tin* 
of  healing  is  said  to  be  shortened,  and  the  scars  are  more  smooth  and  movable  ih*" 
would  other^vise  be  expected  (literature,  Bruhn,  1919).  Gas  gangrene  is  0/  nn 
occurrence,  and  may  also  be  prevented  experimentally.  On  the  other  band.  Hiakf- 
1919  found  the  success  in  large  wounds  from  gas  edema  rather  limited.  In  abdoraiMi 
wounds,  Trahl,  19 ro.  used  vuzin.  750  c.c.  of  i:  15,000. 

Superticial  Suppurations. — Bibergeil,  1918,  injected  vuzin  biHCl  i :  1000,  or  eukups 
1:500,  with  procain,  around  the  wound.  He  claimed  that  the  suppuration  dc*" 
promptly,  but  there  is  considerable  local  reaction. 

Abscesses. — Withdrawal  of  the  pus  by  j)uncture.  followed  by  injection  \Tith  vwto 
bihydrochlorid.  i  :50o,  or  eukupin  r:  200,  ^vith  0.5  per  cent.  pn»cain  is  said  to  le»(I.'" 
considerable  local  and  systemic  reaction,  followed  by  prompt  healing  (Bies,  t<iih 


i 


Roscnstetn,  1918).  The  analgesia  is  a  very  desirable  feature*.  The  spreading 
and  carbuncles  may  be  arrested  by  injecting  the  surrounding  tissue,  as  for  ' 
Kepeated  injectons  have  also  been  tried  against  emp>'emas  and  pus-joints  I* 
Bier,  1917.  attempted  to  treat  plntrnl  rmpyfnm  by  evacuation,  rinsing,  and  filling  •il^ 

400  c.c.  of  o-s  per  cent,  eukupin  bihydrochlorid.    The  results  were  iw/  satisfactor)' 
'he  failure  is  attributed  by  Klapp  to  excessive  concentration.     The  latter  claims  good 
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ice&s  wnth  200  c.c.  of  vurin  bihydrochlorid,  1:10,000.     Roscnstein  also  claims  good 

Diphtheria  Carriers. — Disinfection  of  ihese  has  been  attempted  by  the  surface  ap- 
cation  of  I  per  cent,  eukupin  or  eukupinotoxin  bihydrochlorid,  supplemented  by 
itcmic  adminislralion,  Sumc  obiicrvers  claim  complete  success  in  1  to  3  weeks, 
Jiout  bad  effects.  Others  were  less  successful,  but  may  have  used  it  less  intensively 
nihn). 

Diphtheria. — Sommer  claims  improvement  with  local  application  of  5  per  cent. 
It  u  pin. 

Meningococcus  Carriers. — Isaac  treats  these  locally  with  0.5  per  cent,  eukupin. 

Septicemia.— Neither  local  nur  systemic  administration  has  given  decisively  favor- 
le  rcfults.  Bier.  1917,  used  local  injections,  and  eukupin  base  by  mouth.  0.5  Om.» 
imes  per  day,  for  2  weeks.  Loeser,  for  puerperal  septicemia  injected  i  per  cent,  vuzin 
lydrochlorid  intravenously;  10  c.c.  on  the  hrst,  20  c.c.  on  the  second  and  jo  c.c.  on 
t  third  day  (Bruhn). 

Internal  Administration. — ^The  sjrstcmic  effects  correspond  about  to  those  of  quinin. 

Temperature. — With  normal  rabbits,  the  hypodermic  injection  of  zuvin.  50  mg.  per 
J.,  lowers  temperature;  the  same  dose  of  eukupin  has  no  effect;  100  mg.  per  Kg. 
oduces  a  marked  premortal  fall. 

With  febrile  rabbits  (coH  vaccine  fever)  35  rag.  per  Kg.  of  cither  vuzin,  eukupin  or 
lioin  lower   the   temperature  (Bylsma). 

Malaria. — Eukupin  basic,  0.5  to  i  Gm.  per  day,  by  moutii,  causes  rapid  disappcar- 
ice  of  Plasmodia  from  the  blood  (Bacrmann,  1014;  Blumenthal). 

Jnfiuensal  Pneumonia. — Several  observers  have  reported  "excellent  results"  from 
tkupin,  basic,  0.25  to  0.5  Gm.  per  dose,  to  3  Gm.  per  day,  by  mouth.  It  has  no  effect 
I  toe  influcnxa  proper,  but  is  said  to  prevent  pulmonar>'  complications,  if  used  early; 

if  these  have  started,  to  cause  rapid  defervescence  even  in  severe  cases  (Bruhn). 

Erysipelas. — Zuebser.  igi8,  claims  good  results  from  systemic  and  local  application. 
onBnnation  is  required. 

Side  ActioDs.^Oral  doses  to  3  Gm.  per  day  arc  said  to  produce  no  bad  effects,  except 
'«ly  nausea  and  vomiting,  which  disappear  after  short  omission.  Blindness  has  not 
«n  reported  thus  far  (^Bruhn). 

Pharmacologic  Actions.^These  agree  in  most  respects  qualitatively 
1th  quinin  (Bylsma,  19^0). 

Toxuity. — fiy  hypodermic  injection  into  mice,  vuein  is  about  2  to  4  times,  eukupin 
Ewut  t«*ice  as  toxic  as  quinin.  but  the  ratio  varies  probably  for  different  animals;and 
uidcquate  data  ore  available  for  man.  Hoffmann,  iqkH.  injected  2  patients intra- 
iTiouily  with  400  mg.  of  Vuzin;  and  Loeser,  1918.  with  -[oo  mR.  as  1  percent,  solution. 
'oitc  iliowed  any  dangerous  effects,  only  some  rigor  and  pyrexia. 

The  M.K.D.,  mg.  of  bihydrochlorid  per  Kg.,  is  staled  byBylsma  as  follows:  Bypo- 
'■Mf,  mouse,  Vuzin  =  200;  Eukupin  .500;  cat,  V  =  joo;  Eu  =  2$  to  50,  Kcth,  cat. 
(pcndson  concentration:  i.e.,  for  cither,  about  15  mg.  for  i:  100;  70  mg.  for  t:  1000. 

Toxic  Svmptoms. — Cats  with  either  compound  show  mainlv  stupor,  deepening  into 
cath(Byiima). 

Circulaiion. — The  perfused  rn rdinc  muscle  of  mammals  (r :  10,000)  or  frogs  (i:  150,- 
» to  i;5ooo}  is  depressed  by  botli  drugs.  The  systemic  vesseU  are  constricted  by 
Nn  (r:ioo,ooo\  dilated  by  eukupin  (1:30,0001.  The  pulmonary  vessels  arc  gen- 
■»Uy  constricted,  the  coronary  vessels  generally  dilated,  by  both  drugs.  The  general 
food  pressure  fall.s  after  intravenous  injection,  but  recovers  if  the  dosage  was  nol  loo 
jsji-  The  pressor  response  to  epincphrin  is  diminished  and  6nally  abolished  by  vuzin. 
ois  also  decreases  the  response  of  the  heart  to  direct  vagus  stimulation  (Bylsma). 

Btmctv3-is. — Sheep's  corpuscles  are  laked  by  vuzin  i:  10,000,  or  eukupin  1:5000,  in 
^ij?rT'5  duid;  or  i  per  cent,  of  either  in  serum  (Bylsma). 

Htmo^UibiM.^^nc  per  cent,  vuzin  or  eukupin  bihydrochlorid  convert  oxyhemoglobin 
'*oa  brown  dcri\'ativc,  with  a  spectrum  dilierent  from  tluit  of  the  known  hemoglobin 

Km;  -  '  .  not  methcmoglobin  or  hcmatin  (Bylsmal. 

p  '  c. — These  are  not  affected  in  mammals  by  the  intravenous  injection 

(1  '  >  of  vuzin  or  eukupin  (Bylsma). 

r.  .  — Vuzin  has  no  effect  in  cats;  eukupin  Rlimulatcs  (Bylsma). 

/^  L  enter. — Vuzin  and  eukupin  stimulate,  in  rabbits  and  cats  (BylsmaV 

Bronchi. — On  perfusion  of  the  isolnted  cat  lung,  with  i :  30,000  solutions,  the  bronchi 
ftconstricted  bv  \'uzin,  dilated  by  eukupin,  quinin  and  quinidin  (Bylsma). 

Excined  Small  InJestine. —  For  cats  or  rabbits,  vuzin,  eukupin  and  quinin  are  almost 
Inys  inhibitor}',  but  do  exceptionally  stimulate  (Bylsma). 
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Excised  Vtents, — For  cats  or  rabbiu,  \iizin,  eukupin  or  quinin  were  always  in 
cry.     Guinea  pigs  were  less  constant  (Bylsma). 

Skdetiii  Muscle. — On  perfusion  through  frog-Icgs,  small  doses  of  \*uzln,  eukupin 
quinin  hasten  fatigue;  higher  doses  decrease  the  excitability,  especially  of  the  en 
and  still  larger  doses  produce  rigor.     Vuzin  is  the  most,  quinin  the  least  toxic  (B, 

Corneal  Anesthesia. — These  cuprein  derivatives  produce  more  persistent 
of  the  cornea  than  do  equal  or  higher  concentrations  of  cocain.     For  instance,  ^ 
cocain  nroduccs  10  minute-anesthesia  of  the  rabbit's  cornea  (Sollmann);  but  to 
J^  to  i\4  l>our  anesthesia  rcouircs  2  per  cent,  of  cocain  or  3  per  cent,  of  quimn  or 
per  cent,  of  optochin,  but  only  ]rio  per  cent,  of  vuzin  or  eukupin,  or  Ho  per  cent 
eukupinoto.xin.     Oily   solutions   of    the   bases   rct^uire    higher    concentrations.    W 
stronger  solutions,  for  instance  10  per  cent,  quinin,  the  anesthesia  may  last  4 
(Morgcnroth  and  Ginsberg,  iqij). 

On  the  other  hand,  the  cuprein  derivatives  arc  irritant  even  with  Ho  or  J^  per 
solutions  (temporary  clouding  and  chemosis;  Bruhn);  and  i  per  cent,  solutions  < 
severe  andi  fairly  lasting  injury  of  the  cornea  (Bvlsma). 

Sensory  Nerve  Fibers. — Direct  application  of  >f  0  P*^'  cent.vuzin  or  eukupin  paral 
in  frogs  (ByUma). 

Absorption. — This  resembles  that  of  quinin.  The  absorption  of  faypodennic 
intramuscular  injections  of  vuzin  or  eukupin  bihydrochlorid  is  very  slow;  a  part  renuK 
ing  at  the  site  ofinjection  over  4  days  (Bylsma). 

Sojourn  in  Blood. — With  intravenous  of  nearly  fatal  doses  of  vuzin,  about  ^4  U  fo 
in  the  blood  after  35  minutes;  the  other  ^^  being  distributed  in  the  tissues  (Bylsmftt 

Distribution  in  Blood. — The  concentration  in  the  corpuscles  is  8  to  17  times 
in  the  scrum  (Bylsma). 

Destruction. — A  day  after  the  intravenous  injection  of  nearly  fatal  doses  of 
none  was  demonstrable  in  any  tissues;  nor  was  any  excreted  in  the  urine  during 
period;  i.c.,  the  destruction  must  have  been  practically  complete  (Bylsma). 

Rxrretion. — None  couM  he  dcmon.^trated  after  intravenous  or  hypodermic  injecli 
of  vuzin  or  eukupin  into  rabbits  or  cats  (Bybma). 
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General  Statement — These  drugs  and  their  derivatives,  the 
tar  antipyretics,^'  lower  febrile  temperature  by  dilating  the  cutaoec 
vessels  through  a  central  action.  They  are  highly  effective;  but  the  ail 
pyretic  doses  are  apt  to  produce  undesirable  side  actions,  and  are  clinicsi 
supposed  to  be  depressant  to  the  circulation.  Smaller  doses  are  effi 
analgesics  in  headache,  neuralgic  conditions,  etc.  Their  use  is  not  witb 
danger  from  acute  collapse.  Chronic  poisoning,  with  methemoglo 
formation,  is  also  not  infrequent.  Acetphenetidin  (Phenacetin)  is  soi 
what  less  dangerous,  but  the  difference  is  merely  one  of  degree.  Antipyi 
is  freely  soluble^  the  others  are  not. 

The  former  high  price  of  quinin  caused  chemists  and  pharmacologists  to  look  ibl 
for  cheaper  cfTicicnt  substitutes.  It  was  attempted  to  make  quinin  or  similar  subst 
synthetically,  departing  from  quinolin,  one  of  the  decomposition  products  of  qi 
Whilst  this  search  did  not  result  in  an  artificial  quinin,  nor  even  of  any  subitH 
analogous  to  it  in  action,  it  brought  to  light  a  very  large  number  of  substances,  in  M 
respects  even  more  valuable  than  the  alkaloid  itself,  and  served  to  direct  attention  to 
pharmacologic  signihcance  of  the  derivatives  of  the  aromatic  series,  or,  as  they  arcn 
commonly  called,  of  coal-tar. 

It  was  found  that  all  the  simpler  compounds  built  up  from  the  benzol  nucleus  (« 
a  very  few  exceptions)  possess  certain  physiologic  actions  in  common,  as  follows: 

Common  Actions  on  Benzol  Derivatives. — Central  Actions:  Stimulation.  follo< 
by  more  pronounced  depression  of  the  entire  central  nervous  system,  but  particul; 
an  antipyretic  action  on  the  heat-centers,  and  an  analgesic  action  in  neuralgias. 

Local  Actions:  A  coagulant,  irritant,  toxic  and  antiseptic  effect  on  all  forms  of  pral 
and  protoplasm^n  tissue  cells,  bacteria,  and  ferments.    A  quinin  action  on  all  i 
of  muscle.     Local  anesthesia.     The  formation  of  methemoglobin. 

The  actions  are  exerted  in  a  different  manner  and  to  a  different  degree  by  the  se 
members  of  the  series,  mainly  in  two  directions,  so  that  these  may  be  classified  some 
arbitarily  as  "Antipyretics"  and  "Antiseptics." 
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ipyrtiic  group  is  distinguished  by  the  prcdonunAnce  of  the  action  on  the  beat- 

ceotcr. 

iieptU  group  is  characterised  by  a  much  more  marked  local  action  on  prolo- 
hich  determines  the  uscfulncs?.  of  the  members  as  antiseptics.  The  effect 
thermic  centers  passes  much  more  readily  into  general  coUaspe  than  with  the 
oup. 

(stiDction  b>  by  no  mean  sharp,  and  many  of  the  substances — /.i..  the  saHcyl- 
)e  classed  under  either  group. 

cture  and  Antipryetic  Action. — The  large  aumber  of  antipyretic 
derivatives  differ  only  quantitatively  in  their  actions,  these  differ- 
j^ving  definite  relations  to  their  chemic  structure.  Practical  ex- 
I  has  shown  that  acetphcnetidin,  acctanilid  and  antipyrin  arc  the 
jeful  representatives  of  the  group,  and  that  all  the  others  may  well 
sd. 

Dterprise  of   manufacturers  of  s^thetic  products  has  overwhelmed  the  pro- 

tth  almost  numberless  antip>Tetics;  but  it  must  be  confessed  a(  once  thatthe 

»f  reaUy  new  and  valuable  product  is  comparatively  small.     The  great  mass 

material  consists  simply  nf  insi^^nificant  variations  in  the  established  products^ 

d  for  the  purpose  of  evading  patent?;  and  amouts  to  little  more  than  do  the 

k\-orings  in  the  elixirs  of  the  older  matcri  medica.     This  multiplication  can 

Barm  by  creating  confusion,  and  shnuld  t>c  abolished  as  speedily  as  possible. 

pjon  of  the  worthy  products  from  this  collection  would  be  an  almost  hopeless 

kit  not  that  certain  definite  laws  have  been  deduced  from  the  experimental 

according  to  which  we  may  foretell  the  action  of  a  coal-tar  derivative  from  its 

on,  with  considerable  probability.     In  this  way  many  new  compounds  can  be 

as   unworthy   of   extended  trial.     A  presentation  of  some  of  these  laws  will 

be  of  practial  value,  aside  from  their  scientific  interest. 

antipyretic  action  really  resides  in  the  benzol  ring.  Yet  benzol 
tsclf  is  not  antipyretic,  because  it  can  not  readily  enter  into  reac- 

the  body  cells;  this  capacity  of  reacting  may  be  given  to  it  by  sub- 

for  one  of  its  [H|  atoms  an  (0H|  group,  as  in  phenol,  CeHsOH; 

ore  strongly  by  an  NHa  group,  as  in  anilin,  CdHsNHa  (Phenyl- 
CftHfrNH  NH2  being  yet  stronger);  or  by  both  as  in  parainido- 

JI^OHNHa. 

OH 


J 


Phenol 


NH, 

Paramido-Dbenol 


OC,H« 


NHCH,CO 

Acrtphmrttdin 


Bw  modifications  of  the  benzol  ring,  the  action  is  quite  wanting;  thus  in  Pyndin» 
NaphthaUn,CsH4;in  Phenanthren,  CtUi'CH.     But  it  reappears  in  Quinolin, 

C»H«  C»H«CH 

NH  NCiH» 

1  IS  mlflo  present  in  the  pyrazol  ring, 


,     N|^CH       CHiNf^CO 
HC|       CH       CHiCl      IcH 


PyTSMl 


CH 

Antipyrin 
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We  repeat  that  the  power  of  acting  is  given  to  the  benzol  or  other 
chain,  by  replacing  H  through  OH,  or  NHs,  or  both.  The  substances  so 
produced  are  the  so-called  **  mother-substances."  They  are  strongly  anti- 
pyretic, but  they  abo  produce  collapse.  Before  they  can  be  used  in  prac- 
tice, this  collapse  action  must  be  ^minished.  This  may  be  done  by  re- 
placing the  [H],  either  of  the  [OH]  or  of  the  [NH2],  by  other  radicals;  the 
reduction  of  toxicity  being  greatest  if  the  substitution  is  made  in  the  NHj. 

These  substituted  compounds  act  only  after  the  mother-substance  is 
liberated  from  them  in  the  body.  Their  action  is  therefore  more  gradual, 
less  violent,  and  more  easy  of  control. 

The  influence  of  the  substituted  radical  is  as  follows: 

The  reduction  of  toxicity  is  greatest  if  the  substituted  radical  is  an  alkvl  (CoHiH 
+  I  or  C0s.CnH2n  +  i);  less  if  it  is  an  acidyl  (CCCnHm  +  i).  If  several  H  atom 
are  substituted,  the  toxicity  will  be  less  if  both  an  addyl  and  an  alkyl  radical  are  intro- 
duced, than  if  both  radicals  be  of  the  same  kind. 

The  toxicity  and  the  therapeutic  qualities  both  diminish  with  the  sixe 
of  the  introduced  radical.  The  most  useful  is  the  ethyl  (CjHft)  or  acetyl 
(C2H3O)  radical;  with  the  methyl  or  formyl  group,  the  toxic  action  is  too 
great;  with  larger  groups,  and  particularly  with  aromatic  groups,  the  com- 
pound becomes  so  resistant  that  the  therapeutic  action  is  reduced  almost 
to  nothing.  This  is  true  of  the  citrate  and  salicylate  radicals.  Such 
compounds  are  of  course  correspondingly  harmless. 

The  above  laws  must  be  modified  if  the  compound  is  decomposed  in  the  stomach 
with  liberation  of  the  mother-substance.  It  must  also  be  remembered  that  the  radiob 
must  be  introduced  into  the  ring  by  substitution;  the  mere  addition  of  add  ndiolN 
forming  salts,  does  not  modify  the  properties  of  the  ori^nal  substance.  Therefon 
Anilin  Acetate  {CeHs-NHj-HCaHjOj)  preserves  the  original  toxic  action  of  anilin; 
whereas  this  is  greatly  weakened  in  Acetanilid  (CsHsNH-CtHiO). 

The  substitution  of  an  H  by  I,  Br,  or  CI,  does  not  modify  the  antipyretic  or  tosie 
action  of  the  original  substance. 

Absorption,  Fate  and  Excretion. — The  antipyretics  are  rapidly  ab- 
sorbed and  excreted.  Acetanilid,  acetphenetidin  and  their  derivatives 
are  mainly  oxidized  to  paramidophenol,  which  is  probably  the  form  in 
which  they  produce  their  actions.  This  is  excreted  in  the  urine,  chiefly 
as  paired  compounds  with  sulphuric  and  glycuronic  acids.  This  gives  the 
**indophenol  reaction"  in  the  urine.  Antipyrin  is  elinunated  largely  un- 
changed by  the  urine  (Jonescu,  1906),  traces  also  by  the  sweat  (Tachao, 
1911),  and  sputum  (Hofbauer,  1915).  The  urine  volume  is  gencraDy 
decreased.  Occasionally  the  urine  is  blood  red,  and  green  in  reflected 
light  (Penzoldl). 

The  antiseptic  action  of  the  antipyretics  is  not  very  strong.  They  are  howevtf. 
sometimes  used  as  antiseptic,  astringent,  and  hemostatic  dusting  powders  (axxtua^t 
or  antipyrin  in  5  per  cent,  sterilized  solution).  They  are  less  poisonous  and  less  inits^ 
ing  than  iodoform;  although  toxic  effects  have  been  reported  from  the  appUcatioDn 
acetanilid  to  wounds. 

Leucocytosis. — It  has  been  believed  that  this  is  produced  by  antipyretics;  but  Gehrife 
IQIS,  found  no  effect.  The  migration  of  leucocytes  from  the  inflamed  mesentery  <>' 
frogs  is  inhibited  by  antipyrin  (Ikeda,  1916). 

Antipyretic  Action  and  Effects  on  Metabolism. — These  were  descnljed 

on  page  540. 

Antipyretic  Dosage. — On  account  of  the  possibiUty  of  a  direct  coU*P* 
action  if  the  dose  is  telatively  large,  the  antipyretics  must  be  administflw 
with  care. 
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;ral,  it  may  be  said  that,  from  the  smallest  effective  dose  (0.2  Gm.  for  aceian- 
lid,  0,5  to  0.7  Gm.  for  antipyrin  or  plit;niicL*tin),  the  cxleni  of  the  antipyretic  action 
ticrrases  with  the  dose  of  the  dru>;.  until  the  normal  temperature  ha!»  been  reached.  Up 
o  this  point  there  is  practically  no  danger  of  a  direct  coliaiise  action.  But  if  the  dose 
teoe&sary  to  secure  this  rt^ult  be  exceeded,  the  toxic  effects  will  set  in. 

The  average  aniipyreiic  dose  may  be  slated  as  0.5  Gm.  (7  gr.)  of  acet- 
Lnilid;  o.S  Gm.  (10  gr.)  of  phcnacetin;  1.2  Gm.  (30  gr.)  oT  anlipyrin. 
[n  hc^noing  the  Ireatmciit,  this  dose  has  to  be  repeated  once  or  twice, 
^th  an  hour's  interval,  until  the  desired  fall  is  secured.  After  this,  the 
tingle  dose  is  repealed  whenever  the  temperature  begins  to  rise.  Four  or 
5vc  doses  are  required  per  day  to  keep  the  patient  practically  fever-free. 
The  action  does  not  persist  after  the  drug  is  excreted.  With  single  doses 
Lhe  antipyretic  effect  reaches  its  maximum  in  about  two  hours,  and  then 
declines  gradually,  so  that  the  febrile  level  is  practically  restored  in  eight 
hours  (Gottlieb,  1S90).  Consequently  the  administration  must  be  con- 
tiauous,  in  the  manner  indicated.  Those  antipyretics  which  are  rapidly 
excreted  (as  is  jihenocoll)  are  therefore  less  useful. 

In  regard  to  details,  and  in  determining  the  choice  of  the  particular 
substance  to  be  used,  experience  is  the  best  guide.  The  same  holds  here 
AS  in  other  cases:  Very  much  more  can  be  accomplished  by  any  one 
drug  that  is  ihoroughy  understood  by  the  user,  than  can  be  done  with  a 
number  of  drugs  with  which  he  has  had  only  limited  experience. 

Features  Desired  in  an  Antipyretic. — The  ideal  antipyretic  must  be  reliable  in  secur- 
ing &  fall  of  febrile  temperature.  This  fall  must  be  prompt,  but  not  too  abrupt;  it  must 
be  lasting;  and  when  tne  effect  passes  off,  the  temperature  must  not  rise  too  suddenly. 
Tbe  analgesic  eflfect  should  be  strong-  The  drug  should  not  be  decomposed  in  the 
stomach  (or  by  0.2  per  cent.  HCI).  The  toxic  dose  should  be  considerably  higher  than 
tl>c  therapeutic  dose.  In  the  latter,  the  drug  must  not  of  itself  cause  collapse  condi- 
tions, nor  methemoglobinemia,  nor  profuse  sweating,  nor  skin  eruptions.  It  should  not 
l^vea  bad  taste,  nor  should  it  irritate  the  stomach.  If  it  is  to  be  used  hypodermically, 
It  must  be  soluble  in  water;  otherwise  great  solubiUty  is  of  no  advantage. 

Of  the  compounds  which  have  been  proposed  so  far,  Para-acctphcnctidin  (Phena- 
cttin)  ieems  to  fulfil  these  demands  most  satbfactorily. 

Analgesic  Action. — Like  quinin  and  the  salicylates,  all  the  anti- 
pyretics have  an  analgesic  effect  against  neuralgic  and  muscular  pains, 
Headaches,  migraine,  colds,  rheumatic  conditions,  etc.;  but  are  ineffec- 
tive against  other  forms  of  pain,  such  as  trauma.  The  mechanism  of 
the  analgesic  action  is  obscure.  It  has  been  suggested  that  it  consists  in 
changes  of  the  meningeal  vessels.  There  is  little  if  .any  evidence  of  true 
narcosis;  nor  do  the  antipyretics  reinforce  the  action  of  the  ordinary  nar- 

•ks  to  a  marked  degree  (LomonosofI,  191 1). 
[The  analgesic  action  is  extensively  used.     Small  doses  (acetanilid, 
Gm.,  3  gr.;  acetphenctidin.  0.3  Gm.,  5  gr.)  may  be  repeated  a  few  times 
*ith  three-hour  intervals,  if  necessary.     If  these  small  doses  fail  to  give 

t,  larger  doses  are  usually  also  ineffective. 
c  analgesia  has  been  investigated  in  man  by  Martin,  Grace  and  McGuire,  iqis- 
Jhty  found  that  o..t  to  1   Gm.  of  acetphcnctidin  distinctly  raises    the    threshold    of 
jcous  sensibility. 

Jturo-mtisctUar  Coordination. — This,  as  judged  by  the  "tapping  test,"  is  not  altered 

m-toxic  doses  of  the  antipyretics  (Macht,  Isiacs  and  Grcenberg  (igiS). 

fntracraniai  Vesstls. — The  effect  of  antipyretics  and  h>pnotic5  on  the  cerebral  and 

^eningcal  vessels  should  be  investigated  by  plethysmograph  on  trepanned  patients. 

^vazzani,  igi8,  showed  that  the  cerebral  vessels  undergo  large  oscillations  with  the 

*triotioQ». 
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Proprietary  Headache  Powders. — These  usually  contain  from  50  to  70  per  cei 

of  acetanilid  or  acclphcnctidin  (Report  C.P.C.,  J. A.M. A.,  1905,  44:1791),  gcoera] 
mixed  with  caSein,  sallc)  latcs,  bromids,  ammouium  carbonate  or  sodium  bicarbonal 
The  caflein,  salicylate  and  brumid  would  reinforce  the  unalgcsic  action.     The  alkali 
were  supposed  to  increase  the  solubility,  but  do  not  do  so  (Puclcner,  1Q06).    It  was 
claimed  that  all  these  drugs  diminish  the  toxicity,  but  this  is  contradicted  by  ihc 
available  evidence  (Hale).    The  indiscriminate  use  of  the  powders  by  the  laity  has 
repeatedly  produced  ucute  and  chronic  poisoning,     .\uthuntativc  statistics  of  ihif 
arc  presented  in  the  report  of  Keblcr,  Morgan  and  Rupp,  1909. 

Chronic  Poisoning. — The  continued  use  of  acetanilid  ("headache-powders")  tw 
occasionally  caused  the  development  of  a  drug  habit,  with  craving  and  withdnwjl 
symptoms.  An  individual  predisposition  appc-ars  to  be  necessa^\^  for  the  conditioa  i* 
relatively  rare;  but  it  should  be  guarded  agamst  in  the  administration  of  the  drug.  Tbt 
symptoms  of  chronic  acetanilid  poisoning  consist  in  methemoglobinemia  (chocolitt- 
colored  blood)  with  the  histologic  blood  changes  of  pernicious  anemia:  marked  Icucocy- 
tosis;  cyanosis;  cardiac  weakness;  progressive  mental  and  physical  debility. 
Methemoglobin  may  also  appear  in  the  urine.     (!->.  D.  Stewart,  1905.)  ' 

Diabetes  Insipidus. — Beneficial  results  have  been  claimed  for  the  antipyretics, /i. 
by  Hirschfeld,  1904.     They  require  confirmation. 

Side  Actioas. — Undesirable  cflfecLs  arc  rather  common,  especially 
when  antipyretic  doses  are  used.  Some  of  these  are  the  indirect  resuJu 
of  the  heat  regulation — sweating  and  chills,  indirect  collapse;  some  are 
due  to  irritation — gastric  disturbances,  skin  eruptions,  renal  irritation; 
others  to  the  direct  systemic  actions  of  the  drugs — cinchonism,  cj'anosis, 
true  collapse.  The  susceptibility  to  them  varies  greatly  in  different 
individuals. 

The  literature  of  the  side  actions  is  given  by  Seifert,  Nebenwirk.,  XQis-  AccUnlW, 
page  2\  Antipyrin,  page  4;  Acetphenelidin,  page  26. 

The  ntfeaiinfi  is  due  to  the  increased  circulation  through  the  skin,  and  is  prtxJucti 
in  the  same  manner,  and  has  the  same  significance,  as  the  critical  sweat  of  fever,  U 
must  be  looked  upon  as  beneficial  rather  than  otherwise,  since  it  aids  the  reduction  ^if 
temperature.  But  should  it  become  too  troublesome,  it  can  be  suppressed  by  smiO 
doses  of  a  tropin. 

The  cutaneous  hyperemia  is  perhaps  also  responsible  for  .the  skin  erupHem-  Tb«> 
arc  particularly  frequent  after  antipynn. 

The  tendency  to  this  eruption  as  also  to  a  stonMdtis  which  is  often  seen,  inc 
with  the  repeated  use  of  the  drun;- 

Antipyrin  Eruptions. — With  susceptible  individuals,  these  occur  promptly  even  afiw^ 
small  doses;  in  the  form  of  round  or  oval  erythymalous  somewhat  pigmented  patches 
which  may  become  bullous.     When  the  drug  is  discontinued,  these  are  replaced  b) 
pigmented     areas,     which    become    rapidly    congested    if    another    dose    is   takes 
(H.  MacCormac). 

Pkenylhydrazin  produces  very  similar  local  actions  on  the  skin  (eczema,  erythou 
nodosum  and  papulosun))  and  on  the  alimentary  canal  (gastroenteritis). 

The  chills  occur  when  the  temperature  begins  to  rise  again,  and  arc  due  to  a  dinuD- 
ished  circulation  through  the  skin,  just  as  the  chills  of  malaria.  They  are  therefore  not 
to  be  attributed  to  the  drugs,  but  are  rather  a  sign  that  the  action  of  the  antipyretic 
has  worn  off 

Gastric  symptoms  are  due  to  local  irritation,  but  arc  not  frequent.     Most  of  iheai    ,• 
drugs  have  a  sharp,  warm  or  bitter  taste.  ^M 

Renal  irrit4jtii>n,  vaPrnn^  from  slight  diuresis  without  histologic  change,  to  %'i(^alf^| 
desquamative,  hemorrhagic,  parenchymatous  nephritis,  may  be  produced  by  all  coaJ*~ 
tar  derivatives.    There  is  not,  however,  any  danger  of  nephritic  lesions  from  ordirwry 
doses  of  the  antipyretics.     Thallin  produces  a  peculiar  papillary  nephritis. 

Cine kf>n ism  symptoms  arc  rare,  out  have  been  reported.     The  cyanosis  is  due  to 
methemoglobinemia. 

Lactophenin  produces  icterus  in  over  half  of  the  patients,  usually  on  the  nioth 
twelfth  day  of  its  use.     There  is  no  relation  to  dose.     It  appears  to  be 
is  probably  of  the  retention  type  rather  than  hemolytic  (Hanssen,  I9i6)« 

Methemoglobin  Cyanosis. — All  drugs  of  the  coal-tar  series  act 
or  less  upon  the  blood,  inside  of  the  body,  producing  methemoglobin,  and 
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in  larger  doses  causing  a  disintegration  of  the  corpuscles.  This  action  is 
much  more  pronounced  in  the  mother-substances — ^anilin,  phenylhydrazin, 
etc. — and  in  the  antiseptic  group  it  is  stronger  withacetanilid  than  with 
Lhe  other  antipyretics.  It  leads  to  a  peculiar  cyanosis,  and  contributes 
to  the  collapse. 

The  methemoglobin  /ormation  proceeds  much  more  weatly  in  shed  blood  than  it 
docs  in  the  bodv.  The  relation  of  the  methemoglobin  formation  to  the  chemic  consti- 
tution of  benzol  derivatives  has  been  investigated  by  W.  Heubncr,  J913. 

Collapse  Action. — Excessive,  and  sometimes  therapeutic  doses,  pro- 
duce serious  collapse,  with  weak  and  irregular  pulse,  dyspneic  or  shallow 
respiration,  pale  or  cyanotic  skin,  cold  sweat,  disturbed  consciousness, 
subnormal  temperature,  and  death  by  circulatory  failure.     This  collapse 
is  sometimes  a  direct  effect  of  the  drugs  (cardiac  and  vasomotor  depres- 
«on);  in  other  cases  it  is  due  to  the  reduction  of  the  febrile  tempera- 
ture, *' unmasking"  a  preexisting  febrile  collapse:  Circulator)'  failure  is  a 
irequent  feature  of  fevers.     It  may  be  partly  masked  by  the  stimulant 
effects  of  high  temperature,  and  will  then  reveal  itself  when  the    normal 
temperature  is  restored,  whether  by  antipyretic  drugs  or  by  baths.     Cau- 
tion is  therefore  necessar>*  in  the  use  of  all  antipyretic  measures  in  asthenic 
fevers.     Menstruation  also  favors  the  development  of  collapse. 

Of  the  more  usual  antipyretics,  acetanilid  produces  probably  the 
strongest  direct  collapse  effects;  then  come  anlipyrin  and  then  phenacetin. 

The  collapse  action  is  strongest  in  the  mother  substances — anilin,  qutnolin,  phene- 
tidin.  phenylhydrazin,  and  carbolic  acid,  and  generally  in  the  members  of  the  anti- 
septic group;  so  strong,  indeed,  that  the  action  of  these  can  not  be  controlled,  and  they 
arc  bcncc  unlit  for  interiuLl  administration. 

The  treatment  of  poisoning  by  overdoses  of  the  antipyretics  is  the  same 
as  lor  collapse  from  other  causes — ^stimulants,  heat,  etc.  (see  Aconite). 

Circulation. — The  general  circulation  is  but  little  affected  by  ordinary 
doses.  They  will  slow  the  heart  indirectly  by  reducing  the  temperature; 
tHs  has  probably  sometimes  been  misinterpreted  as  cardiac  depression. 

The  nticrtfcus  vessflx  are  dilated;  the  intrar.ranial  vessels,  after  a  short  dilation,  show 
a  more  persistent  constriction,  similar  to  cafTein  or  alcohol  (E.  Weber,  1909).  Berezin, 
Z916,  reports  dilation  in  rabbits  and  tii^h.  HirschEeldcr,  1Q15,  describes  dilation  of  the 
Jpii  and  retinal  vessels,  from  acetanilid,  antipyrin,  arayl  nitrite,  caffcin  and  alcohoL 
Thisicnds  to  raise  intraocular  pressure,  enjoininj?  cuaiion  in  glaucoma  (Wessely,  1915). 
With  toxic  doses,  the  heart  is  first  accelerated,  and  later  slowed.  This  is  due  to 
action  upon  the  heart  muscle.  Strips  of  terrapin's  ventricle  are  slowed  and 
by  acetanilid  fCarr,  igio). 

vasomotor  center  is  not  affected  by  moderate  doses  (with  the  exception  of  the 

controlling  the  cutaneous  vessels).    In  consequence,  the  hhod  pressure  depends 

upon  the  cardiac  action,  being  at  first  increased  and  later  diminished.     In  doses 

idng  collapse  there  is  paralysis  of  the  vasomotor  system,  and  consequent  fall  of 

pressure. 

nped  muscle  shows  a  somewhat  increased  efficiency  on  direct  stimulation,  and  a 
curare  action. 


PREPARATIONS — ANTIPyRETIC   GROUP 

ly  the  most  important  preparations  are  given;  others  may  be  found  in  N.N.R. 
^Ac^lanilidutH  (AceLinil.),  U.S.P.,  B.P.  (/Jrj/ii/f/»r(n,  Phcnylacetamid,etc.),CJIiNH- 
;0. — While  crystalline  powder;  odorless;  warm  taste.  Slightly  sol.  in  water 
tf :  180),  freely  sol.  in  ale.  ( i :  3.4)  or  glycerinn  (1:5).  Liquefies  with  chloral  or  antipyrin. 
tks€^  0.3  Cm.,  3  gr.,  U.S. P.;  0.12  to  0.3  Gm.,  2  to  s  gr.,  B.P.;  in  powders  or  capsules 
W^ximum  dose^  0.5  Gm.,  8  gr. 
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*Aceiphfnetviimtm  (Acetphen.).    U.S.P.;   Phenaceiinum  (Phenacet.),  B.P.   Tp, 
acet-piitrnetidin),    Celli  (OC,Hi)-NHCHiCO. — While    crystalline    (wwder    or  seal 
odorless  and  nearly  tasteless.     Very  slightly  sol.  in  water  (i:  1310);  sol.  in  ale  (1:15) 
Liquefies  with  chloral  or  anlipyrin.     Doxe,  0.3  Cm.,  5  gr.,  U.S.P.;  0.3  to  i  Gm.,  5  to  1; 
gr.,  B.P.;  in  powdcra  or  capsules.     Maximum  dose,  1  CJm.  15  gr. 

^An/ipynna  (.Vntipyr.),  U.S. P.;  Pk^nazonum,  B.P.  (Phenyldimethyl-pyraaoloa), 
C»HN50(CH,)3C*Hi. — White  crystalline  powder;  almost  ocforless;  slightly  bitter 
taste.  Very  sol.  in  water  (1:1),  freely  sol,  m  ale.  (i:  1.3).  Incompaiible  with  nitri 
(Sp.  Aether.  Nitro.*s.).  with  tannin,  and  with  mi.Tturesnf  calomel  and  sodium  bicarbotu 
(immediate  blackening;  J.A.M.A.,  56:287).  Liquefies  with  sodium  sallc>late.  etc 
Dose,  0.3  Gm.,  5  gr.,  U.S.P.;  0.3  to  i  Gm.,  5  to  15  gr.,  BJ*.,  in  solution,  powders  or 
capsules.     Maximum  dose,  i  Gm,,  15  gr. 

Meiubrin,  N.N.R. — This  is  another  pyrazolon  derivative,  introduced  as  analgesic 
Dose,  I  to  J  Gm.  In  rheumatic  fever,  Hahn,  1913,  uses  it  intravenously,  5  c.c  of  jo 
per  cent,  solution,  three  times  daily.  Riedcl,  1913,  prefers  intramuscular  or  h\pc- 
dennic,  3  Gm.  in  50  per  cent,  solution,  two  or  three  times  daily.  Side  actions,  «imiUr 
to  Ajitip>Tin  (Scifcrt,  Ncbcnw.,  1915.  p.  22). 

Prrtonair — This  has  been  investigated  by  Cow,  1919.  It  is  acetylamidoelhori' 
benzene,  i.e.^  it  is  acctphenetidin  with  an  C;Ht  group  in  place  of  the  CtHtO.  It  is 
much  more  soluble  in  water  (to  1M2  per  cent.).  It  is  less  active  than  acctphenetidin, 
and  does  not  appear  to  possess  any  important  advantage. 


ANTISEPTIC  BENZOL  DERIVATIVES 

General  Statement. — These  differ  from  the  antip>TeLic  derivatives 
mainly  by  greater  toxicity.  On  local  contact  they  coagulate  proteins, 
thus  determining  the  death  of  cells,  resulting  in  irritation  and  inflamma- 
tory changes,  and  in  antiseptic  effects.  After  absorption  thev  produce 
some  excitement  and  more  pronounced  depression  of  the  central  ner\'ou5 
system.  Many  alter  the  blood  pigment  to  methemoglobin.  Their  effects 
are  similar  in  principle,  but  differ  in  important  details,  The  high  toxicity 
is  due  to  various  side-chains,  such  as  the  hydroxyl  and  carboxyl  groups 
by  which  they  can  react  with  protoplasm. 

Historical. — In  the  form  of  the  natural  mixtures,  the  antiseptic  properties  of  tin* 
group  have  lonjc  been  known  empirically,  an  in  the  smoking  of  meat.  One  of  the 
methods  of  embalming  practised  by  the  Eg>'ptians  utilized  largely  balsams  and  product* 
rich  in  essential  oils — the  Latter  being  very  clo&ely  related  to  the  aromatic  series.  Tbf 
isolated  substances,  however,  bclonR  to  the  achievements  of  the  nineteenth  ceatur>'- 
Creosote  was  first  made  in  1833,  phenol  in  1834;  but  almost  thirty  years  elapsed  befor? 
they  were  used  in  surgery. 

Influence  of  Structure  on  Action. — Bem»l.  C«Ht,  the  mother  substance  of  the  cesl- 
tar  series,  has  a  low  toxicity,  because  it  can  not  react  with  protoplasm.  This  captdty 
is  given  to  it  by  replacing  part  of  the  H  atoms  by  other  f^oups,  especially  by  OH  '(6rw- 
ing  phenols)  or  by  CO3H  (forming  acids);  or  by  both.  The  ON  radual  is  the  most 
active,  the  antiseptic  and  toxic  actions  increasing  with  the  number  of  Oil  graufs  (wi 
progressivel>'from  phenol.  C*H^OH.  toresorcin.CiiHi(OH)5,andpyroKallol,  C'«II  ^ill'  ' 
out  it  is  also  influenced  by  the  position;  thus,  phloroglucin.  the  isomemf  ; 
is  not  active.  The  introduction  of  the  COj//  ^om^  alone  (»*.«., benzoic  acid.Cl 
docs  not  render  the  substance  very  active.     The  introduction  of  both  OH  and  CUail'^ 

the  ortho-position^  (>.«.,  salicylic  add,  C«H4<pq  n)  results  in  a  compound  whicit* 


'  When  the  cubstitutian  occurt  m  the  poiition  t.j,  the  ortho-compound 
eivcs  the  mctB-compound;  and  i:  4  the  para-compound. 


bJ 


less  toxic  and  less  antiseptic  than  phenol,  but  which  has  pccuRar  a nti rheumatic  prwcf- 
tics.  The  antiseptic  quality  may  also  be  bought  nut  by  othrr  acidyf  groups  iCOCHh 
etc.).  the  activity  bring  proportional  to  the  size  of  the  introduced  molecule.  .VQi*!* 
develops  the  antiseptic  action,  but  adds  its  own  toincity  to  that  of  the  phenoU     TV 
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sobstitution  01  an  U  of  the  CnUs  in  phenol  by  aikyls  (crcsols,  t-«H4  <prf  )  leads  to  an 

increase  of  the  antiseptic  power,  and  diminishes  at  the  same  time  the  toxicity  to  tissues. 
Higher  hofnoiognni  Introduce  no  important  niodi&cations.  The  union  of  two  phenols 
directly  or  by  CHs,  etc.,  increases  tnc  antiseptic  action,  but  if  united  by  CO  or  SO,,  it 
is  diminished.  The  substitittion  of  haio^cns  increases  the  antiseptic  action,  according 
to  tlic  number  of  atoms.  The  toxicity  is  diminished  by  the  lower,  increased  by  the 
higher  numbers  (Bechhold  and  Khrlich,  1906). 

The  group  which  gives  the  valuable  antiseptic,  but  also  the  undesirable  toxic  and 
caustic,  qualities  to  these  compounds,  is  the  OH. 

.  The  violence  of  its  action  may  be  moderated,  as  in  the  salicylic  acid,  or  in  the  creiwla; 
orit  may  be  masked  by  replacing  its  U  by  other  radicals  (the"  Nencki'ssalol  principle"). 
These  esters  (e.g.,  salol,  CnHi  OHCOiC»Hi)  will  develop  their  action  when  decomposed 
into  their  phenol.  Combinations  which  are  so  firm  as  to  prevent  this  liberation  (e.g., 
the  sulpho-carbolatcs)  are  neitlier  antiseptic  nor  toxic:  in  fact.  It  is  by  the  formation  of 
such  compounds  that  the  organism  protects  itself  against  these  poisons. 

The  antiseptic  and  local  actions  of  the  salicylates  or  other  latts  are  also  much 
less  than  those  of  the  corresponding  acids. 

Fate  of  the  Benzol  Derivatives  in  the  Body. — The  six-carbon  ring  is 
relatively  resistant  to  decomposition,  and  for  the  most  pari  passes  through 
the  body  unbroken,  although  a  little  is  burned.  The  hydrogen  atoms 
and  side-chains  undergo  more  or  less  oxidation,  resullinR  in  new  hydroxyl 
and  carboxyl  groups  (phenols  and  acids)  in  considerable  variety.  These 
again  enter  combinations  before  being  excreted  by  the  urine;  the  phenols 
forming  esters,  chiefly  with  sulphuric  acid  (Baumann  and  Herter,  1876; 
O.  Neubauer,  1901);  and  to  a  lesser  extent  with  glycuronic  acid.  The 
aromatic  acids  combine  with  glycocoll  to  form  hippuric  acid,  etc. 

The  formation  of  the  esters  is  generally  proportional  to  the  toxidt)*'  of  the  phenols 
(S.  Fraenkel.i.  Since  the  esters  are  much  less  toxic  than  the  phenols,  it  constitutes 
an  important  protection  of  theorganism  against  poisoning,  especially  against  the  phenols 
arising  in  intestinal  putrefaction.  For  instance,  the  exclusion  of  the  bile  from  the 
intestines,  by  increasing  intestinal  putrefaction,  increases  phenol  ehmination  (Dubn, 

1917)- 

The  normal  phenol  excretion  (largely  paracresol)  tends  to  vary  directly  with  the 
pnoCein  intake  (Folin  and  Denis,  1915).  In  phenol  poisoning,  the  urine  becomes  poor 
m  free  and  rich  in  ethereal  sulphates,  and  has  a  smoky  color,  esecially  on  standing,  from 
the  oxidation  of  the  hydroquinon,  pyrocatcchin,  etc.  The  glycuronic  compounds  may 
be  mistaken  for  sugar,  since  they  reduce  copper,  although  more  slowly. 

Determinations  of  the  phenols  of  the  blood  in  various  conditions  do  not  show  dis- 
tinctive change*  (Theis  and  Benedict,  lyiSt. 

The  place  of  formation  of  the  ethereal  sulphates  is  not  known,  but  it  has  been  shown 
to  be  independent  of  the  liver  (Lade,  1012).  Nevertheless,  the  sulpho-conjugalion  has 
been  proposed  as  a  test  of  hepatic  function.  Thymol,  0.5  Gm.,  is  normally  followed 
considerable  increase  of  the  ethereal  sulphates  of  the  urine.  This  increase  is  some- 
ah&ent  in  hepatic  disease;  but  not  alwa)"*  (M.  Kahn,  iQiSl. 
rlycuronic  Acid. — This  corresponds  to  dextrose,  with  the  end-chain  (CHiOH) 
iwd  to  I'COOH).  It  is  probably  an  intermediate  stage  in  the  oxidation  of  glucose, 
'\*ery  little  can  l>e  formed  in  RiycoRen-poor  animals  (Dakin).  Glycuronic  acid  is 
ibly  not  a  normal  stage  of  carbohydrate  metabolism;  for  if  it  is  administered 
itcrally.  it  appears  almost  quantitatively  unchanged  in  the  urine  fUiberfcld, 
(1.  It  is  never  excreted  free,  but  always  in  combination  with  aromatic  alcohols, 
phenols,  ketones  and  acids.  Haemaelaeinen,  1915,  supposes  that  the  alcohols  first 
combine  with  glucose,  and  that  this  glucosid  is  then  oxidized  to  the  glycuronatc. 
^^CThe  principal  dru^s  -which  cause  Ike  appearance  of  Glycuronic  acut  in  the  urine  are: 
^^■pentinc,  cnloroform,  chloral,  camphor,  phenacetin,  saccharin,  salicylic  acid,  bat- 
"^'  ni'^hin;  and  others  are  enumerated  by  S.  Fraenkel,  3rd.  cd..  p.  194. 

The  Hippuric  Acid  Formation. — This-  occurs  in  some  animals  exclusively  in  the 
^Mpe>-5;  in  Sf>me  it  may  also  be  formed  in  other  organs.  Dogs,  for  instance,  synthetize 
^Bburic  acid  even  after  excision  of  their  kidne>'s  (Kingsbury',  1015). 
^^Prhc  liver  probably  has  a  share,  for  the  hippuric  sv'nthesis  is  diminished  in  hydraain 
poisoning,  which  produces  extensive  degeneration  of  the  liver,  but  is  supposed  to  leave 
the  kidneys  unaffected  CLackncr  cl  al,  igtS). 
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BENZOL 

Benzol,  C«H«,  has  come  into  some  prominence  for  the  treatment  of 
leukemia.     It  often  causes  temporary  improvement,  but  is  rather  imre- 
liable  and  sometimes  dangerous.     Industrial  acute  and  chronic  f>oisanlng 
is  also  common,  from  its  use  in  the  arts  (as  solvent  for  rubber).    It  is  J 
somewhat  antiseptic.  " 

Acute  Benzol  Poisoxung. — Fairly  large  doses  of  benzol  are  tolerated  by  mouth; 
g  to  12  Gm.  have  caused  serious  collapse  (Perrin,  1861;  Averill,  1889I.  The  acute 
symptoms  arc  restlessness,  excitement,  high  rise  of  temperature,  narcosis,  and  death 
by  paralysis  of  respirdtion.  Sublethal  doses  arc  followed  by  good  recovcr>'-  The 
technical  article  is  somewhat  more  toxic  than  the  pure  (Lehmann,  loiit- 

Distribution  of  Benzol  after  Poisoning. — The  brain  and  spinal  cord  contain  more 
than  other  organs  (Joachimoglu,  1015). 

Benzol  Vapor. — This  causes  intoxication  by  absorption  through  toe  lungs.  Dilute 
vapors  produce  headache,  vertigo,  ataxia,  twitchings,  convulsions  and  coma.  Fuehnef, 
1913,  Qnds  benzol  about  as  narcotic  as  chloroform.  Concentrated  vapor  is  markedly 
toxic,  sometimes  producing  acute  death.  There  are  no  characteristic  anatomic  lesions, 
except  that  the  blood  remains  Huid  for  a  long  time;  there  arc  often  small  hemorrbages 
in  various  organs.  Patients  who  recover  sometimes  develop  skin  changes  (Lewin,  19^; 
Wolf,  1911;  Heffter,  1915).  The  entire  symptoms  are  produced,  also  on  aninub,  by 
pure  as  well  as  impure  benzol. 

Chronic  Poisoning  by  Vapor. — This  causes  hemorrhage  (purpura),  leucopenii. 
anemia,  and  finally  death  under  high  fever  (Santeason,  iSgy;  Sclhng,  191a).  These 
effects  are  attributed  to  destruction  of  leucocytes  in  the  circulating  blood,  and  to  damage 
of  the  bone-marrow,  lymph  glands,  spleen,  and  the  whole  hematopoetic  system.  The 
formation  of  blood  platelets  is  Qrst  stimulated,  then  depressed  (Duke,  I9i3)< 

Blood  Changes  in  Animals. — Subcutaneous  injections  of  benzol  (3  to  40  ccl  into 
rabbits  or  dogs  produce  deatJi  in  three  to  twenty  days,  with  marked  destructix-e  chingfi 
in  the  hematoncetic  organs,  especially  the  myeloid  tissue.  There  is  a  rorrespooduig 
diminution  of  the  leucocytes  and  blood  phitelets.  With  large  doses,  the  platelets  show 
a  preUminary  increase  in  rabbits,  not  in  dogs  (Duke,  1915). 

Recovery  from  this  fall  may  be  followed  by  a  second  fall  (Weiskotten,  et  al,  19x6* 

There  is  little  change  in  the  red  cells  (Neumann,  1915).  The  prothrombin  istbo 
decreased  (Hurwitz  and  Drinker,  1915).  The  production  of  antibodies  is  diminishec 
(Hcktocn,  19x6).  The  changes  vary  quantitatively  in  different  iadividuils  (v 
Neumann,  1915). 

Use  in  Leukemia. — The  destructive  action  of  benzol  on  leucocytes  led  to  its  mtn- 
duction  by  v.  Koranyi,  1913.  Numerous  reporters  (Kiralyfi,  1912;  Stein,  iQu;  Stcitt, 
1913;  Billings,  1913;  Morawitz,  igi4i  Hahn,  1914,  etc.)  have  described  more  or  W 
favorable,  but  rather  inconstant  resulLs.  The  changes  are  noticed  only  after  continued 
.administration,  often  requiring  some  weeks.  The  leucocyte  count  falls,  more  ppf 
foundly  and  persistently  than  with  arsenic,  but  never  to  normal,  as  in  X-ray  treatmfnt 
The  general  condition  is  also  improved.  The  best  results  are  obtained  when  benzol 
is  preceded  by  or  continued  ^\nth  ray-treatment.  In  a  considerable  number  of  case, 
especially  the  advanced,  the  benzol  is  unsuccessful.     In  others,  toxic  effects  supervene. 

Mechanism  of  Action. — Urinary  changes  indicate  metabolic  disturbances:  incretK 
of  neutral  sulphur;  decrease  of  Urea  -r  N,  slight  increase  of  ammonia,  in  most  caW 
albuminuria  (^Sohn,  1913).  The  uric  acid  is  not  increased,  and  this  speaks  against 
destruction  of  leucocytes.  Pappenheim,  1913,  believes  the  decrease  to  beonly  apporeat, 
asserting  that  the  leucocytes  accumulate  in  the  dilated  capillaries  of  the  liver  and  other 
internal  organs.  Uc  found  marked  hepatic  and  renal  lesions  in  rabbits  after  repeated 
large  doses.  Duke,  1915,  attributes  the  platelet  changes  to  irritant,  then  toxic  action 
on  the  bone-marrow. 

Toxic  Effects. — Ordinary  doses  cause  eructations,  but  the  appetite  is  not  disturbed- 
There  may  be  .some  dizziness,  sometimes  bronchitis.  Occasionally,  late  symptoms  of 
chronic  benaol  poisoning  develop,  which  may  be  fatal  (Neumann,  iqi  ^;  Klcmperer  awi 
Hirschfeld).  It  is  therefore  advised  to  discontinue  the  benzol  as  soqp  as  the  leucocytes 
start  to  decline  (Kiralyfi,  1913);  or  at  least  when  they  have  fallen  to  ao^ooo.  Liver, 
kidney  and  intestinal  disturbances  contraindicate  benzol  (Hahn,  1914). 

Administration. — Hillings  uses  the  benzol  in  extemporaneous  capsules,  5  miniiiu, 
increasing  to  15  minims,  after  meals  and  at  bedtime. 

Fate. — Benzol  is  partly  oxidized  in  the  body  to  phenol  (15  to  30  per  cenL),  catechol 
and  quinol  and  excreted  as  phenol -sulphates  (Baumann  and  Hcrter,  1877);  a  part  is 
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Bmpletely  destroyed  to  muconic  arid  (JaflFe,  1909),  and  a  considerable  pordon  is  ex- 
creted unchanged  by  the  lungs. 

PREPARATION BENZOL 

Berucnum,  B.P.;  Benzene  (Benzol);  CaU«. — Not  to  be  confused  with  Beminum 
Purijkatum,  U.S.P.,  Benzln.     The  latter  is  Petroleum  Ether,  a  gasoline  fraction. 

TOLUOL 

Toluol,  C»H»CHi,  is  used  as  a  laboratory  antiseptic,  especially  to  preserve  ferments. 

Its  to.xicity  is  low  (Baumann  and  Herter.  1877;  Schultzen  and  Naunyn,  1867).     Its 
effects  and  those  of  xylol  art  similar  to  benzol  {I-ehmann,  iqi  i ). 

■It  also  produces  complex  effects  on  the  antibodies  and  leucocytes  (Uektoen,  1916). 
PHENOL 

Phenol  (carbolic  acid,  CoHj  OH)  illustrates  the  characteristic  proper- 
ties of  the  series,  and  is  the  most  widely  known  and  used  of  these  anti- 
septics. It  owes  this  popularity  to  its  being  the  pioneer  of  the  group, 
through  its  introduction  by  Lister,  1867.  Some  of  its  derivatives  arc 
superior,  at  least  for  special  purposes. 

Antiseptic  Action. — Phenol  is  a  general  protoplasmic  poison  and  a 
fairly  active  disinfectant,  although  not  nearly  as  powerful  as  mercuric 
cHIofid,  graven  as  the  cresols.  It  precipitates  proteins,  but  the  combina- 
tterrB'so  loose  that  it  readily  diffuses  further,  and  therefore  penetrates 
more  deeply  into  the  tissues  than  the  metallic  antiseptics;  and  its  action 
is  not  so  much  hindered  by  the  presence  of  organic  matter.  The  disin- 
fecktni  power  varies  greatly  for  different  microorganisms;  spores  arc  es- 
pecially resistant.  Tubercle  bacilli  are  killed  by  exposure  to  5  per  cent, 
for  twenty-four  hours.  It  is  much  more  effecli_ye  as  an  anUseplic,  Le.^lQi 
checking  bacteria!  growthj  }^^to^  i  per  cent,  suffices  for  this  purpose. 
TPiSeareThTconcenlralions  used  on  the  body,  for  here  it  is  not  necessary 
to  kill  the  bacteria  if  only  their  development  is  effectively  prevented. 
These  solutions  do  not  ordinarily  injure  the  tissues. 

Antiseptic  Uses. — Five  per  cent,  solutions  are  used  for  the  disinfection 
of  the  utensils,  instruments,  the  hands,  etc.  The  penetration  and-lhere- 
fore  the  antiseptic  efficiency  are  increased  by  the  addition  ofsalt.  '*  Crude 
CarboHc  Acid,''  which  contains  the  more  active  cresols  and  is  cheaper,  Is 
preferred  for  the  disinfection  of  excreta.  As  antiseptic  for  wounds  and 
mucous  membranes,  gargles,  lotions  or  injections  \^  to  i  per  cent,  of 
phenol  arc  used.  A  drop  oif  undiluted  phenol  is  useful  for  disinfecting 
and  cauterizing  small  wounds,  bites,  etc.  Injections  of  phenol  have  been 
tried  against  local  inflammations,  tubercular  bones  and  lymph  glands, 
boils,  er>'sipelas  (5  per  cent,  to  scarified  surface),  etc.  Lotions  are  used 
as  parasiticide  in  scabies,  sycosis,  pityriasis,  and  against  pediculosis 
capitis.  Inhalations  have  been  advocated  in  fetid  bronchitis  and  pul- 
monary gangrene. 

Solutions  in  Fatty  Oils. — In  these  phenol  is  not  antiseptic  (Koch,  1886), 
because  its  solubility  in  fats  is  so  much  greater  than  its  solubility  in  pro- 
toplasm that  it  prevents  its  transference  to  the  bacteria  or  tissues.  '*Car- 
bolated  Oil"  is  merely  a  mild  local  anesthetic  and  dermal  irritant,  useful 
for  promoting  the  healing  of  small  wounds.  Alcohol  and  glycerin  have 
a  similar  restraining  action.  The  solubility  in  petrolatum  is  very  small, 
so  that  ointments  made  with  this  base  should  be  very  actively  antiseptic 
and  irritant. 

As  intestinal  antiseptic,  phenol  has  little  value  because  of  its  prompt 
absorption  and  marked  toxicity. 
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Solubility  of  Phenol  in  BCineral  Oils. — Pilcher,  1914,  found  that  i  part  of  cr>ptallized 

{)henol  dissolves  in  8  to  9  parts  of  petroleum;  20  to  2x  of  gasoline;  33  to  24  of  solid  petro- 
atum;  45  to  50  of  liquid  petrolatum. 

Phenol  Injections  in  Tetanus. — These  have  been  introduced  by  Baccelli.  Rather 
large  doses  are  used,  a  2  to  3  per  cent,  solution  being  injected  intravenously  or  faypo- 
dermically  along  the  spine  every  two  or  three  hours,  the  daily  dose  starting  with  ai 
to  0.5  Gm.,  and  increasing  rapidly  to  0.8  to  x.5  Gm.  of  absolute  phenol  in  divided  doses, 
according  to  severity  (J.A.M.A.,  53:2140,  1909).  No  bad  effects  have  been  reported, 
and  it  is  said  to  cause  prompt  improvement  and  to  lessen  the  mortality,  even  in  severe 
cases  (Baccelli,  191  x;  Ascoli,  19x3),  perhaps  by  its  analgesic  and  antipyretic  actions. 
The  treatment  has  not  been  tried  adequately  by  independent  observers,  and  final  judg- 
ment can  not  be  passed  on  it  (Dreyfus,  19x4).  McClintock and  Hutchings,  ioi3,state 
that  it  has  only  a  limited  value,  as  a  simple  sedative.    Joffe,  1914,  commends  it 

Fielder,  1914,  obtained  negative  results  in  rabies. 

PediculosiB  Capitis. — Whit&eld,  19x2,  advises  soaking  the  scalp  in  a  3.5  per  cent 
phenol  solution  for  ten  minutes  and  leaving  the  solution  on  the  hair  for  an  hour. 

Actions  on  Ferments. — Phenol,  salicylic  acid,  and  other  coal-tar  antiseptics  havei 
retarding  effect  upon  ferment  action — especially  carbolic  and  salicylic  add.  A  5  per 
cent,  solution  of  pnenol  suffices  to  weaken  materially  the  action  of  most  ferments. 

Local  Actions. — Concentrated  phenol  applied  to  the  skin  or  mucous 
membranes  produces  prickling,  burning  and  pain,  then  numbness  and 
anesthesia,  wrinkling  and  softening  of  the  epidermis,  the  color  of  the 
skin  becoming  first  white,  then  red,  and  finally  brown.  There  is  no  direct 
corrosion,  but  a  local  necrosis.  A  dry  scab  forms,  which  separates  with- 
out pus.  Short  applications  of  weaker  solutions  determine  merely  some 
wrinkling  and  blanching  of  the  epidermis  and  the  sensory  phenomena, 
but  even  a  5  per  cent,  solution  of  the  acid  may  cause  necrosis,  especially 
when  applied  continuously  to  the  extremities.  This  enjoins  caution  in 
the  use  of  carbolic  dressings. 

The  analgesic  effect  of  dilute  phenol  solution  and  ointments  is  used 
against  itching. 

Pirrie  advocated  compresses  saturated  with  phenolated  oil  (z:6)  for  bums.  It 
relieves  the  pain  promptly;  but  when  applied  to  large  surfaces,it  is  probably  capable  of 
producing  systemic  poisoning. 

Schleich  found  that  5  per  cent,  watery  solution  appHed  to  an  exposed  nerve  causes 
anesthesia. 

Undiluted  phenol  may  be  used  for  quick  local  anesthesia  of  the  skin.  A  scalpel  wet 
with  phenol  is  drawn  over  the  proposed  incision,  which  may  be  made  after  a  few  seconds 
(Soresi,  1919). 

Absorption. — Phenol  is  absorbed  from  all  mucous  membranes  and 
wounds,  and  even  from  the  intact  skin.  In  the  intestinal  cahfd  its  absorp- 
tion is  at  first  very  rapid,  but  soon  becomes  almost  arrested,  apparendy 
by  interference  with  the  local  circidation  (Sollmann,  Hanzlik  and  Pilcher, 
1910).     It  is  distributed  through  all  the  tissues. 

Fate  and  Excretion. — A  part  of  the  phenol  (^  to  ^  is  completdv 
burned  in  the  body  (Tauber,  1878;  SchaflFer,  1878;  Jonge,  1897).  The 
remainder  is  excreted  in  the  urine,  largely  as  ethereal  sulphates  and 
glycuronates  of  phenol,  hydroquinon  and  pyrocatechin.  However,  Folin 
and  Denis,  191 5,  find  that  30  to  90  per  cent,  of  the  urinary  phenol  is  not 
conjugated.  With  a  rise  of  total  phenol,  a  greater  proportion  is  conju- 
gated; except  when  bile  is  excluded  from  the  intestines  (Dubin,  1916)' 
The  oxidation  products  impart  the  smoky  color  to  the  urine.  A  trace  of 
phenols  is  found  in  the  sweat  (Tachau). 

Central  Actions. — Very  small  doses  of  phenol,  as  of  all  the  coal-tar 
antiseptics,  produce  at  first  an  analgesic  and  anttpyretic  action.  This  is 
so  fleeting,  and  passes  so  readily  into  the  graver  effects,  that  it  can  not  be 


PHENOL 


S73 


5S?^n  therapeutics.  This  preliminary  stage  is  followed  by  more  pro- 
nounced symptoms  resembling  the  "toxic*'  effects  of  salicylates.  Dan- 
gerous doses  produce  prompt  collapse  and  coma.  Frogs  and  mammals 
exhibit  characteristic  muscular  tremors,  twitchings  and  convulsions,  per- 
sisting until  the  blood  pressure  falls  ver>^  low.  These  are  absent,  or  at 
most  ver>-  faint  in  man  (Huscmann,  1871). 

Phenol  Convulsions.— Salkowski,  1873.  showed  that  these  are  located  in  the  spinal 
cord  (dixiiiioii  of  scinlic;  decapitation).  Morita,  1915,  also  found  that  the  convulsions 
occur  in  rabbits  after  ablation  of  the  hemispheres.  Baglioni.  1900  and  1909,  by  the 
methods  explained  under  strychnin,  concluded  that  the  convulsions  depend  on  uicreascd 
excitability  of  the  spinal  motor  ceils.  Direcl  application  uf  dilute  phenol  solutions  to 
the  cjfposed  spinal  cord  produces  anesthesia.  The  excitability  of  the  motor  corUx  is 
lowered  by  its  local  application  (Baglioni  and  Magnini,  igio).  without  convulsions 
(Amantca,  igi.?).  Muscle  and  nenr  fibers  are  also  paralyzed  by  local  contact  with 
strong  solutions,  but  do  not  seem  to  suffer  if  the  drug  acts  systemically. 
Pnennl  does  not  awaken  animals  from  chloral  sleep  (Airila,  ioi3)' 
Symptoms  in  Frogs. — Phenol  produces  successively  local  reflex  tiritation,  short 
stupor,  a  medullar)-  rr>',  then  gradually  the  twitchings  and  irregular  and  incoOrdinated 
contractions.  The  reticxcs  are  preserved,  but  naturally  ineffective  because  of  the  inter- 
ference and  interruptions  of  the  convulsions  (Baglioni). 

Circulation. — Intravenous  injections  of  phenol,  even  with  small  doses, 
cause  marked  fall  of  blood  pressure,  usually  with  rapid  recovery  until 
a  certain  dosage  is  exceeded.  The  fall  appears  to  be  both  cardiac  and 
vasomotor.  When  phenol  is  given  by  stomach,  the4jlood  pressure  remains 
1bw  because  of  the  continuous  absorption  (Sollmann  and  Brown,  iqo6). 

Vasomotor  Center. — This  is  usually  depressed,  probably  directly.  This  may,  how- 
ever, be  modified  by  indirect  stimulation  through  the  convulsions  or  ischemia.  The 
center  may  therefore  be  stimulated;  or  a  period  of  stimulation  may  precede  or  follow 
the  depression  i>criod  (Pilcher  and  Sollmann,  1915). 

Respiration,  Temperature  and  Collapse. — The  respiration  becomes 
slow  and  shallow,  and  finally  stops.  The  temperature  falls.  Since  the 
collapse  affects  all  the  medullar)'  centers,  and  the  cardiac  muscle  as  well, 
it  can  not,  of  course,  be  removed  by  artificial  respiration. 

This  constitutes  an  important  difterence  from  the  collapse  produced  by  the  drugs  of 
the  alcohol  scries.  Anotner  dlfTerence  consists  in  the  fact  that  with  the  antiseptic 
group  the  .\£H.\itrilUy  to  pain  is  often  prmcrved  far  into  the  collapse.  The  local  effects 
of  the  phenol  play  no  important  part  in  the  production  of  the  collapse  (Sollmann  and 
Brown,  iqo6). 

Phcnul  causes  an  increaiie  of  suretiom,  especially  of  saliva,  sweat,  and  tous,  not  yet 
accounted  for. 

TOXICOLOGY 

Suicidal  poisoning  by  carbolic  acid  is  very  common,  particularly  in 
the  United  Stales.  Accidental  poisoning  is  also  common;  it  may  result 
even  when  the  phenol  is  applied  to  the  intact  skin;  its  liberal  application 
to  of>en  surfaces  has  frequently  led  to  toxic  symptoms.  The  fatal  dose^ 
by  mouth,  varies  between  8.5  and  60  Gm.  (Lewin);  0.8  Gm.  has  been 
given  therapeutically  without  bad  effects.  The  toxicity  is  about  the  same 
by  mouth  and  hypodermically  (Hale,  1913). 

The  course  of  carbolic  acid  poisoning  is  very  rapid.  In  almost  all 
fatal  cases  death  ensues  inside  of  twenty-four  hours. 

Symptoms. — The  local  symptotns  consist  in  burning  of  the  mouth 
and  throat,  nausea  and  vomiting,  abdominal  pain.  The  carbolic  burns 
generally  heal  promptly,  with  small  tendency  to  scar  formation. 
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The  systemic  symptoms  are  those  of  a  very  speedy  collapse,  starting  iir 
a  few  minutes,  even  when  the  drug  is  taken  by  mouth.  It  is  mani/esied 
by  faintness  and  muscular  weakness;  rarely  twitching  and  convulsions; 
pulse  small,  weak,  and  slow;  face  livid;  cold  sweat;  respiration  slow  and 
shallow;  unconsciousness;  coma;  death  by  stoppage  of  respiration. 

The  urine  is  scanty  and  often  contains  albumin  and  casts,  sometimes 
hemoglobin  or  bile  pigments.  It  has  a  dark  smoky  color,  due  to  phenol 
compounds,  and  gives  little  or  no  sulphate-precipitate  -with  barium  chlorid. 
These  points  are  of  diagnostic  importance.  The  urine  rarely  contains 
traces  of  unconibined  phenol. 

Chronic  Phenol-poisoning. — In  the  days  of  the  Lister  spray,  chronic  pbeaol  poiaoft- 
ing  was  not  at  all  uncommon  amongst  surgeon's.  It  presented  the  general  symptomiof 
marasmus.  The  quantity  of  the  acid  entering  the  system  under  these  drcumstancn 
is  quite  phenomenal:  2  Gm.  of  phenol  were  recovered  from  the  urine  of  a  surgeon  who 
had  assisted  for  two  and  a  half  hours  at  an  operation  under  a  2  per  cent,  spray.  Miimr 
grades  ma^  occur  from  carbolic  applications.  They  often  show  skin  eruptions  (Levioi 
and  renal  uritatiun  (kidney  changes,  Uyeno,  1909). 

Treatment  of  the  Local  Effects. — ^These  are  removed  by  promptly 
washing  with  alcohol  (or  whiskey)  and  applying  an  oil  dressing.  Alcohol. 
fats,  glycerii;,  turpentine  and  ether  act  simply  by  their  solvent-affinity 
for  phenol,  preventing  its  penetration  into  the  tissues  or  dissolvmg  it 
from  them  (Sollmano,  1906). 

Treatment  of  Internal  Poisoning.— The  best  success  is  obtained  bv 
lavage  of  the  stomach  with  wann  waLcr.^or  first  with  10  per  cent,  alcohol; 
taking  care  that  the  fluid  does  not  enter  the  trachea.  The  washing  must 
be  continued  till  the  phenol  odor  disappears.  It  should  be  attempted 
even  if  an  hour  or  more  has  elapsed  since  the  poison  was  swallowed 
(D'Hotel,  1907),  because  a  large  part  of  the  phenol  remains  for  a  long 
time  unabsorbed  in  the  stomach  (SoUmann,  Hanzlik,  and  Pilcher,  1910). 
Chemic  antidotes  are  of  less  service.  Syrup  of  lime  or  potassium  perman- 
ganate are  the  most  promising.  Alcohol  and  sulphates  are  practically 
useless.  Intravenous  saline  infusions  have  some  value  against  the  circu- 
lator)' depression;  and  heat  against  the  collapse. 

Lime  forms  an  insoluble  compound  and  is  fairly  eflective  (Husemann  and  Ummethun. 
1870).  Syrup  of  lime  may  be  given  freely;  lime-water  is  too  weak.  PerfHattnonate 
destroys  phenol,  but  it  has  not  been  Ascertained  whether  the  ordinary  doses  are  eficxcat 
Tincture  of  iodin  was  suggested  by  Mal>erly,  1909.  Scoville,  1913,  claims  that  cbaroo*! 
is  useful.  Alcohol  was  formerly  considered  a  chemic  antidote^  supposedly  cffectht 
even  when  left  in  the  stomach.  Both  the  clinical  and  the  experimental  evidence  dis- 
prove this  view  (Clarke  and  Brown,  1906).  Its  solvent  action  is  useless  if  it  is  left  in 
the  stomach  to  be  absorbed.  Macht,  IQ15,  asserts  that  alcohol  given  after  phenol 
increases  its  toxicity;  but  that  it  is  protective  when  taken  before  the  phenol. 

Sulphates  have  been  given  witii  the  object  of  forming  the  nontoxic  pbenoUul- 
phonates.  This  combination  does  not  occur  in  the  alimentary  canal,  and  the  sulphate 
are  very  slowly  absorbed,  so  that  the  oral  admini!>tration  is  useless  except  in  cnnuuc 
poisoning.  The  combination  is  so  slow,  that  it  is  practically  not  a\'ailablc  in  acute 
poisoning,  even  if  the  sulphate  is  injected  intravenously  (Brown  and  SoUmann,  1906). 

The  antidote-fallacies  are  reviewed  by  Wilbert.  1916. 
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PREPARATIONS — PHENOL 


•Phenol,  U.S.P.;  Acidium  Carbolicum  (Acid.  Carbol).  B.P.,  CtH»OH.—ShouW  con- 
tain not  less  than  96  per  cent,  of  hydroxybenzene,  C»H»'OH,  obtained  either  from  coal- 
tar  by  fractional  distillation  and  subsequent  purification,  or  prepared  synthetic*]')'- 
Occurs  as  needle-shaped  crystals,  colorless  but  acquiring  a  reddish  tinge  by  oxidation 
of  traces  of  the  phenol  to  quinon  and  other  derivatives  (Gibbs,  iqoq).  Characteristic 
odor  and  sweetish  caustic  taste    Melts  about  iSX.i  sol.  in  water  (i:  15);  misdUe  in 
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11  proportions  with  alcohol,  glycerin  and  fats;  dissolved  by  alludies.  The  solubility 
n  water  diminishes  with  the  temperature,  and  can  be  increased  by  the  addition  of 
icohol  or  glycerin.     Phenol  is  sometimes  very  faintly  acid  to  litmus,  but  this  is  due 

0  impurities  (E.  Schmidt.  iQii).  It  is  not  a  true  add,  either  chemically  or  physio- 
ogiouly.  1%  is  incompatible  with  iron  and  collodion.  Dose,  o.o6  Gm.,  i  gr.,  U.S. P.; 
».o6  to  0.2  Gm.,  I  to  3  gr.,  B.P.;  diluted.     Maximum  dose,  0.3  Gm.,  j  gr. 

THenol  LiqucfadttmiPhcaolLiq.),  U.S.P.;  Aciti.  Carbol.  Liq.,  B.P.— This  is  obtained 
)y  liqucf>nng  phenol  w-ith  10  per  cent.  U.S.P.,  J5  per  cent.  B.P.,  of  water.  It  is  more 
»nvenicnt  for  dispensing.  When  it  is  diluted  with  an  equal  volume  of  glycerin,  the 
coixture  is  miscible  with  water.     Dose,  0.05  c.c,  i  minim,  U.S.P.;  0.06  to  0.18  c.c, 

1  to  3  minims,  B.P.;  diluted. 

Glycer.  Pfienol.,  U.S.P.;  Glycer.  Acid.  Carbol,,  B.P. — 20  per  ccnL  Useful  for  making 
strong  solutions.     Dose,  0.3  c.c,  5  minims,  U.S.P. 

Supp.  Acid.  Carbol,  B.P. — 0.03  Gm.,  ^  gr. 

*UngutHtum  Pkfnolis  (Ung.  Phenol),  U.S.P. — 3^  per  cent.,  in  wax  and  lard. 

*Ung.  Acid.  Carbol.,  B.P. — 3  per  cent,  in  White  Paraffin  ointment. 

CarboUzed  oU  is  usually  made  of  <  per  cent,  strength. 

Track.  Acid  Carbol.,  B.P. — 0.03  Gm..  M  gr. 

If^.  Sod.  Bor.  Camp.,  N.F.  (UobcU's  Solution), — This  is  often  used  on  mucous 
cnembranes  (nose.  etc.).  It  contains  0.3  per  cent,  phenol,  1.5  per  cent,  each  of  sodium 
ite  and  borate,  with  glycerin  and  water. 

PHENOL-CABiPHOR 

When  camphor  and  phenol  are  rubbed  together  they  liquefy.  Mixtures  of  this 
ind  (phenol  30,  camphor  60,  alcohol  10)  have  been  employed  on  suppurating  wounds 
ind  abscesses,  with  ine  claim  that  the  caustic  action  is  diminished  and  the  antiseptic 
ffidency  increased.  The  latter  is  doubtful;  but  the  decrease  of  irritation  agrees  with 
ht  effects  of  all  good  phenol  solvents.  There  is  no  chemic  combination  (Yvon,  1876; 
"<nibcrger,  (1906), 

Chlumsky.  iqos  and  1Q13,  recommended  phenol-camphor  in  superficial  inflammator>' 
conditions,  especially  er>'sipelas;  painting  it  on  and  around  Lhe  aitected  area. 

F.  Pohl,  igi3;  and  Schiele,  1914.  injected  ^  to  ^  c.c.  into  di:M:ased  jointa,  without 
bad  effects. 

PHENOLSULPHONATES  OR  SULPHOCARBOLATES 

These  are  less  toxic  and  irritant,  but  also  much  less  antiseptic  than 
phenol.     They  have  little  value. 

Soda  Phenol sulphonai  (Sod.  Phcnolsulph.),  U.S.P.;  Sodium  Phenolsulphonate 
[Sulphocarbolate),  C»H4(0H)SO,Na  -f  jHjO.  Colorless,  transparent  prisms  or  crys- 
tilline  granules,  odorless,  cooling,  saline,  bitter  taste.  Sol.  in  water  (1:4.2).  Dose, 
>.2S  Gm.,  4  gr.,  U.S.P.;  as  intestinal  antiseptic,  but  inefficient.  {Zinc  Pktnolsuiph. — 
See  Index.)  ' 

CRESOLS 

The  introduction  of  alkyl  groups  into  phenol  greatly  increases  the 
germicidal  efficiency.  The  most  important  of  these  derivatives  are  the 
;resols,  CaHtOHCHa,  obtained  from  "cnade  carbolic  acid."  Attention 
ras  directed  to  their  valuable  properties  by  Fraenkel,  i88g.  The  three 
somers,  ortho-,  para-,  and  metacresol,  differ  somewhat  quantitatively, 
he  meta  being  the  most  antiseptic  and  least  toxic,  and  para  being  the 
ttost  toxic;  but  they  are  all  contained  in  variable  proportions  in  the  com- 
aercial  products  usually  employed. 

The  germicidal  power  averages  three  or  more  times  that  of  phenol; 
jTcparations  containing  higher  homologues  (N.N.R.)  may  be  i5"timcs 
nore  active  than  phenol. 

Thpiojdcitj  of  ihc  cresols^ayerages  somewhat  less  than  phenol  (ToUens, 
[905;  Hale,  1913;  toxicity  and  fate,  Jonescu  and  Bukarest,  1906),  bat 
hey  produce  identical  effects  and  lesions  (Wandel,  1906;  Hale.  1913). 
rhcy  arc  excreted  for  the  most  part  "combined,"  but  otherwise  un- 
changed. The  treatment  would  be  similar.  In  practice,  they  are  less 
oxic  than  phenol,  because  they  are  used  more  diluted;  but  they  arc  far 
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from  being  ''non-poisonous."  Another  advantage  over  phenol  is  their; 
lower  cost.  Their  disadvantages  are  the  disagreeable  odor,  which  depends 
mainly  on  impurities;  their  limited  solubility  in  water;  and  their  variable 
composition  and  activity.  Organic  matter  slows  their  action  rather  more 
than  with  phenol.  Acid  and  hard  and  salty  water  hinder  them  by  pre- 
cipitating the  soap  by  which  they  are  usually  dissolved  (Hamilton,  1914). 

Solutions  and  Application. — The  cresols  may  be  rendered  soluble  by  M 
the  addition  of  soap,  as  in  the  official  Compound  Cresol  Solution;  and  1 
in  several  other  ways.  The  soap-mixtures  partake  of  the  slipper)' nature 
of  soap  and  are  therefore  less  useful  in  operating;  but  they  are  well  adapted 
to  cleansing  the  hands  (brushing  for  two  or  three  minutes  with  \i  to  r 
per  cent,  solution)  and  for  other  purposes.  A  dusting  powder  containing 
3  ]>er  cent,  of  trh:resol  has  been  recommended  for  pediculosis  (Hcrxheimer 
and  Nathan,  1915). 

Serum  Preservatives. — Tricresol,  0.25  per  cent.,  is  often  added  to  ;«curc  the  prcscr 
vation  of  serums.  This  is  harmless  witn  the  usual  hypodi-rmic  injections  bul  ^oi 
suspected  of  being  a  factor  in  the  collapse  that  sometimes  foUows  ittiraspittai  injatic* 
especially  of  the  antimeningitis  scrum.  Some  basis  for  this  exbted  in  the  re^ulu  ai 
Voegtiin,  1014,  on  dogs;  but  those  of  .\uer,  1Q14.  on  monke>'s,  render  it  vcr>'  improbihlt 
that  the  ordinary  concentrations  can  do  any  harm.  Clinically,  it  has  marked  advaotaCT 
being  more  bactericidal  than  chloroform,  and  markedly  analgesic.  Without  it.  UK 
pain  of  the  injections  is  of  tea  so  great  as  to  interfere  with  eflScicnt  use  (J.  B.  Nealmtl 
Abramson,  1917). 

With  anli pneumococcic  serum,  a  further  danger  might  arise  from  the  intraveawi* 
injection  of  relatively  large  doses.  However,  Voegtiin,  igi8,  found  that  there  l«  n*i 
danger  of  toxicity  if  the  concentration  does  not  exceed  0.5  per  cent,  and  if  the  injection 
arcmade  very  slowly.  With  higher  concentrations,  the  collapse  is  serious.  Pbewt 
acts  similarly.  Chloroform^  even  in  saturated  solution,  is  liarmless.  Aucr.  19U. 
found  monkeys  much  more  resistant  to  cresol  than  the  dogs  used  b^'  Voegtiin.  H( 
considers  the  ordinary  concentration  quite  harmless,  and  that  other  antiseptics  tu^ 
no  advantage. 

Arterial  Changes. — Paracresol,  in  common  with  many  other  substances,  is  said  to 
produce  atheromatous  lesions  in  rabbits  (Denny  and  Frothingham,  1914). 

Phenol  Coefficient. — The  variability  of  the  cresols  is  best  discounted  by 
the  determination  of  the  "phenol  coefficient," /-^-j  ^^^  ratio  of  the  germi- 
cidal power  of  the  disinfectant  to  the  germicidal  power  of  phenol,  both 
being  tested  under  identical  conditions.  A  disinfectant  three  times  a* 
active  as  phenol  would  have  the  coefficient  3,  etc. 

The  phenol-coefhcient  is  valuable  only  for  the  disinfectants  related 
to  phenol;  not  for  metals,  iodin,  chlorin,  etc. 

Most  disinfectants  are  now  sold  with  the  statement  of  their  coefficient,  generallj 
determined  either  by  the  "Ride.-il- Walker"  (1904)  or  preferably  by  tlie  "Hypftni 
laboratory"  method  (Anderson  and  McClintic.  Hyg.  Lab.  But,  72,  ipi  j)  with  or  with- 
out the  presence  of  organic  matter  C^  per  cent,  peptone  and  i  per  cent,  gelatin).  Tlw 
degree  of  dilution  for  disinfection  is  obtained  simply  by  raultipbing  by  50  the  phefloi 
coefficient  (with  or  without  organic  matter,  according  to  the  material  lo  be  disinfeclrd'; 
/.I.,   a  disinfectant   haWng  the  coefScient  3  would  be  diluted  3  X  50  =  150   tinit^ 

Benzene  Derivatives  on  Insects. — ^W.  Moore,  1Q17,  tested  the  vapors  of  a  scries*! 
house-flies.  He  found  that  all  the  benzol  derivatives  tested  had  a  nigher  molecnUf 
toxicity  than  carbon  disulphid;  the  phy&icial  characters  t>eing  more  important  tluQtItf 
chemical  composition. 

PREPARATIONS CRESOLS 

•Cresol,  U.S.P.;  B.P..  Cresol  (Tricresol,  Crcsylic  .-Vcid),  C.H,CH,OH.— A  mixtart 
of  the  three  isomeric  cresols  obtained  from  coal-tar.  and  freed  from  phenol.  hydTocajtw*' 
and  water.  Straw-colored  refractive  liquid,  of  phenoMike  odor,  darkening  on  ciposo'* 
to  air.     Sol.  in  water  (i :  501,  usually  forming  a  cloudy  solution;  miscible  in  all  propof- 
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s  with  alcohol,  ether  or  glycerin,  and  dissolving  in  alkalies.    Dose^  0.05  cc,  1 

im,  U.S.P.;  0.06  to  0.18  cc,  1  to  $  mioims,  B.P.;  diluted. 

?of  local  UiCt  the  following  concentrations  are  employed: 

r»  surgery,  .^  to  i  per  cent.;  gargles  or  cystitis,  ^i  per  cent.;  cuspidors  (tubercle 

iUil  or  stools,   I   to  1*2  per  cent,;  for  sponging  rooms  or  soaking  clothes,  \-x  to  i 

cent.    To  make  :i  1  per  cent,  solution,  add  2  teaspoonfuls  to  a  quart  of  water. 

Crc5ol  is  genenilly  used  in  the  form  of: 

^liquor  CresoHs  ComposUus^  U.S. P. — 50  per  cent,  of  cresol,  brought  into  clear  solu- 

I  by  a  potash -linseed  soap.     It  has  a  phenol  coefficient  of  about  ,1,  and  is  in  every 

icct  eoual  to  most  of  the  proprietary'  solutions,  with  the  advantage  that  it  is  not 

crti&ea  under  exaggerated  ana  dangerous  claims.  &uch  as  being  "non-poisonous." 

'Lig,  Cresol.  Sap..  B.P. — 50  per  cent,  in  castor  oil-potash  soap 

Proprietarx-  preparations  may  be  found  in  N.N.R. 

Ifetacresyl  acetate  is  vcrv-  little  soluble  in  \N-ater,  and  therefore  less  toxic  (Green^i-ald, 

i).     It  was  tried  as  a  miM  antiseptic  for  mucous  membranes. 

Commercial  Cresol  Preparations, — These  contain  usually  7$  to  50  per  cent,  of 

M>L     They  may  be  grouped  according  to  the  dissoK-ing  agent: 

/.  Emulsions:  turbid,  brownish  liquids,  yielding  turbid  suspensions  with  water. 

pared  with : 

I.  Kesin-soap:  CreoUnPearson;  Izal;  Cresolin. 

1,  Petroleum  Oils  (the  mixture  lowering  the  specific  gravity  to  that  of  water): 
WoL 

3.  Coal-tar  Products  (Carbolic  Add.  Naphthalin,  Pvridin). 

//.  Solutiorts:  brownish    liquids,    yielding   clear   solutions   with    sufficient    water: 

partd  with: 

t.  Potash    Soaps   and    Alcohol:  Lysoi,   Lysitol;   Lysosolvtol;  Sapokresol,   Phcnolin. 

ird  water  will  precipitate  the  soap,  and  cause  a  turbid  solution.) 

2.  Creosotinale  of  Sodium:  Solvcol^  Solitloi  (Salicylate  of  sodium  may  also  be  used); 
aooJiyacctatc  of  sodium:  Kresin. 

J.  Sulfo-acids  (Made  by  heating  crude  carbolic  with  eoual  parts  of  concentrated 
^4);  Sanaiot;  Creolin-ArtmanH  (suUo-acids  of  resin  and  mineral  oils  may  be 
ployed). 

4-  Ethylen-diamin:  Kresamin. 

Phenoloid   Disinfectants. — Cresol   mixtures   containing   the   higher  homologs  are 
in  N.N.R. 
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lis  is  a  by-product  of  the  manufacture  of  picric  acid.     It  resembles  naphthalen  in 
raical   properties,  and  is  chemically  very  indiflerent. 

It  h  A  powerful  insecticide  (Ronantz.  igiS).  It  is  also  toxic  to  worms.  Oral 
maistralion  to  dogs  produces  no  apparent  deleterious  effect,  even  in  the  dosage 

r.  per  Kg.  (Sollmann.  1019). 
POLYATOMIC  PHENOLS 

The  introduction  of  further  OH  groups  tends  to  raise  the  antiseptic,  but  also  the  irri- 
ttnd  toxic  effects;  however,  the  modifications  depend  largely  on  the  position  of  the 
Up*:  Of  the  three  isomers  with  two  OH  groups,  Rfsorcin,  i :  3,  is  perhaps  somewhat 
w  antiseptic  than  phenol,  and  rather  less  toxic  and  irritant.  Uydroquinon,  1:4,  is 
re  Inxic:  and  PyroraJfckin,  i :  2,  is  much  more  so.  They  act  as  reducing  agents,  espe- 
ly  in  alkaline  solutions.  P.vrocatechin  is  not  used  in  medicine.  Uydroquinon  is 
used  directly,  but  is  formed  from  arbutin,  contained  in  Uva  ursi.  Pyrogalloi,  con- 
ling  three  OH  groups,  is  highly  toxic,  whilst  its.  isomer,  pkloroglucin,  is  practically 


RESORCINOL 


[ftsorcin  coagulates  albumin.  Strong  solutions  soften  and  slowly 
Jtcrize  the  skin;  weak  solutions  are  merely  antiseptic.  It  is  employed 
various  skin  diseases.  Internally,  it  b  used  to  check  gastric  fermenla- 
n,  and  in  diarrhea.  After  absorption,  it  produces  the  same  effects  as 
enol,  but  with  more  prominent  convulsions,  occurring  even  in  man; 
Ian.  have  caused  severe  poisoning  but  with  recovery  (Murrel,  1881). 
latter  doses  arc  antipyretic,  but  the  action  is  too  short  to  be  useful. 
ey  produce  "  toxic  "  effects  resembling  those  of  salicylates.  The  fate 
)  excretion  are  similar  to  phenol. 
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PREPARATIONS — RESORCIN 

*Resordnol  (Resordn),  U.S.P.;  Resorcinum^  B.P.;  (ineta-<lUiydiozy-beiuene), 
CeH4(0H)z. — Colorless  needle-shaped  crystals,  of  peculiar  faint  c^or,  and  sweetish, 
then  bitter  taste.  Acquires  pinkish  tint  oh  exposure  to  light  and  air.  Very  sol.  in 
water  (1:0.9)  or  ale.  (1:0.9),  freely  sol.  in  glyc.  or  eth.  Dose^  0.125  Gm.,  2  gr.,  U.S.P.; 
0.06  to  0.3  Gm.,  I  to  5  gr.,  B.P.  Maximum  dose,  i  Gm.,  1$  gr.  On  the  skim,  5  to  50 
per  cent,  ointment,  or  10  to  20  per  cent,  solution  in  glycerin.  For  urethral  or  vesia] 
irri^tion,  3^  to  2  per  cent.    In  alopecia,  i  to  2  per  cent,  (but  discolors  hair). 

Resorcin  stains  may  be  removea  from  the  skin  by  dtric  add  (Manklewics,  19x6). 

UVA  URSI 

This  plant  has  been  used  for  its  diuretic  and  antiseptic  effects  in  vesical  catarrii.  It 
contains  arbutin,  tannin  and  other  constituents. 

Arbutin  is  a  crystalline  glucosid,  yielding  glucose  and  hydroquinon  on  deoompositioiL 
It  is  decomposed  completely  in  the  body  (Lewln,  1883;  Grisson,  1888};  with  large  doses 
the  hydroquinon  appears  in  the  urine  (Bass,  19x2)  and  is  supposed  to  be  the  active 
agent.  Lewin  and  others  found  it  benefidal  in  cystitis,  etc.;  Paschkis  and  Fdbcs,  1884, 
doubted  its  efl&dency;  Bass  found  no  action  on  healthy  men,  even  with  30  Gm.  TTw 
usual  dose  is  x  Gm.,  three  to  six  times  daily. 

PREPARATIONS — VWK  URSI 

Vva  Ursi,  U.S.P.;  Uv.  Urs.  Fol.,  B.t>.  (Bearberry).— The  dried  leaves  of  Arctosti- 
phylos  Uva-ursi.*    Dose,  2  Gm.,  30  gr.,  U.S.P. 

Fldext.    Uv(B  Ursi,  U.S.P.    Dose,  a  ex.,  30  minims,  U.S.P. 

/«/.  Uv*  Urs.,  B.P. — s  per  cent.    Dose,  15  to  30  c.c,  J^  to  i  ounce,  B.P, 

PTROGALLOL 

The  powerful  reducing  action  overshadows  the  phenol  effects.  Locally,  it  is  a  milii 
caustic  for  wounds  and  mucous  membranes;  it  produces  but  slight  irritation  of  the 
intact  skin,  passing  into  erythemas  on  continued  use.  Absorbed  into  the  blood  it  fonns 
methemoglobin,  disrupts  the  corpusdes  and  leads  to  intense  acut*  nephritis.  Concen- 
trated solutions  acting  on  blood  tn  vitro  (not  in  the  body)  produce  a  peculiar  insoluble 
substance,  hemogalloT.  Fatal  poisoning  may  occur  even  when  the  drug  is  applied  to 
the  intact  skin;  and  may  set  in  suddenly  after  it  has  been  used  for  some  time  without 
effects.  The  symptoms  consist  in  diarrhea,  and  vomiting,  chills,  prostration,  feebk 
puUe;  nephritis  with  scant  dark  urine  containing  blood  or  hemoglobin  derivithts 
(Neisser,  i88x);  sometimes  icterus  and  glycosuria.  The  rapid  cases  show  cyanosis, 
dyspnea,  convulsions  and  collapse.     The  treatment  would  be  symptomatic. 

Uses. — The  danger  of  poisoning  and  the  black  staining  limit  its  employpoent  It^ 
used  similarly  to  chrysarobin  in  psoriasis,  lupus,  ringworm  and  other  parasitic  skindV' 
eases;  and  in  hair  dyes. 

PREPARATIONS — PYROGALLOL 

Pyrogallol  (Pyrogall.),  U.S.P.;  (Pyrogallie  Add;  Tri-hydroxy-benzene),  C«Hi(OH)i. 
— Freely  sol.  in  water  (i:x.7).  ale.  (x:  1.3),  or  eth.  Solutions  turn  brown,  espedaUyio 
the  light;  very  rapidly  if  alkaline.  Used  externally  (but  dangerous)  as  z  to  10  ptf  ceX- 
ointment  in  skin  diseases;  and  as  i  to  3  per  cent,  solution  to  deodorize  ozena  and  <!>>' 
charging  wounds. 

PICRIC  ACID 

The  saturated  aqueous  solution  is  used  as  a  dressing  for  burns  and 
superficial  wounds,  weeping  eczemas,  etc.;  exerting  anesthetic,  antiseptiC) 
astringent  and  protective  actions,  and  stimulating  the  reproduction  » 
epithelium,  in  contrast  to  most  other  antiseptics  (Ehrenfried,  1911)' 
Stronger  alcoholic  solutions  are  irritant;  and  being  absorbed,  becop* 
toxic.  By  mouth,  i  to  2  Gm.  produce  severe  poisoning,  geneially  witj 
recovery  under  treatment  (Lewin).  It  stains  the  skin,  conjunctiva  aw 
tissues  yellow,  even  on  systemic  administration,  simulating  icten^ 
This  may  persist  for  two  weeks  after  taking  i  Gm.  The  urine  is  cokffw 
a  peculiar  red  (Walko,  1901). 


NITROPHENOLS 
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Kcric  acid  is  trinitrophenol,  CiHi(NO»)rOH-  lU  toxic  effects  were  investi- 
gated on  dogs  by  Rapp  and  Fochr,  i8-'7.  Braconnet,  1830,  introduced  it  against  inter- 
znittent  fever;  it  was  also  us4;d  as  anthelmintic;  but  its  internal  administration  was  soon 
considered  too  dangerous.    It  was  employed  in  surgery  by  Cheron,  1876. 

Application. — Picric  acid  is  soluble  to  10  per  cent,  in  alcohol,  to  20  per  cent,  in  ether, 
to  T.2  per  cent,  in  wntcr.  In  burns,  etc.,  it  is  used  as  a  saturated  aqueous  solution^ 
whose  antiseptic  efficienc>'  is  about  seven  times  that  of  i  per  cent,  phenol.  (Picric  add 
has  a  phenol  coefficient  —  6;  so  that  0.165  per  cent,  picric  acid  would  equal  i  per  cent. 
phenol;  Tidy,  1915.)  Stronger  alcoholic  solutions  snouid  not  be  used.  An  ointment 
would  be  illogical.  The  waterj'  solution  is  said  to  be  free  from  danger,  but  should  not  be 
applied  over  large  surfaces.  It  is  prepared  by  dissolving  i  '3  0  '»  a  pint  of  hot  water  and 
filtering  when  cold.  Cloths  saturated  with  this  solution  are  applied,  aivcred  with  dry 
cotton,  and  left  in  place  for  several  days. 

PUri<  Stains. — These  may  be  removed  from  the  skin  by  applying  powdered  potas' 
sium  sulphate  for  a  minute,  then  washing  with  soap;  or  by  a  paste  of  magnesium  car- 
bonate (Mankiewicz,  IQ16). 

Toxicology. — This  is  practically  important,  especially  in  munition  factories  (Alice 
Hamilton,  1917).  The  common  belief  of  its  use  in  beers  seems  to  be  unfounded  (Gada- 
mer). 

Locally,  the  handling  of  the  dry  powder  produces  ecxematous  dermatitis,  "picric 
itch."  A  measle  rash  also  occurs  sometimes  in  poisoning.  Systemically,  toxic 
doses  destroy  the  red  corpuscles  and  produce  gastru-cnterilis,  hemorrhagic  nephritis 
and  acute  hepatitis.  There  may  thus  bo  a  true  icterus,  although  the  yellow  coloration 
is  mainly  due  to  picric  staining  (Malmejac.  1917). 

The  toxic  effect  on  rabbits  and  dogs  are  described  by  Koizumi,  1914. 
FaXc, — A  part  of  the  picric  acid  may  l>e  excreted  unchanged  by  the  urine,  hut  most  U 
transformed  by  the  liver  into  picramic  add.     This  confers  the  diazo- reaction  on  the 
Brine  (Pecker,  1916). 

PREPARATIONS — PICRIC   ACID 

*TrinUfopUenol  (Trinitrophen.),  U.S. P.;  Acidum  Puricum  vAcid.  Pier.),  B.P.; 
Picric  .Acid.  CeH3(N02)»OH. — ^ Yellow  cr>staUine  powder,  odorless,  of  very  bitter  taste 
UKtiatense  staining  power.     Sol.  in  water  (1:78)  or  ale.  (1:12).    Z>tfxe,o.o3  Gm.,  Hsi''! 

D.S.P. 

DINITROPHENOL 

This  produces  toxic  hepatitis  and  jaundice,  similar  to  picric  add  or  trinitrotoluol. 
Uisone  of  the  dangerous  occupational  poisons  (Warthin.  191S). 

TRINITROTOLUENE 

^  This  is  imporunl  as  an  explosive  ("T.N.T.")  It  is  C6Hi(N0j)jCHi.  Other 
Wlfo-  and  amino-derivativcs  of  benzene  which  are  also  used  as  explosives,  produce 
amilar  effects  witli  differences  in  detail  (Alice  Hamilton,  1917).  Poisoning  arises  by 
the  inhalation  of  the  dust,  in  a  proportion  of  the  munition  workers,  generally  between 
tie  sth  and  6th  week  of  the  employment;  young  and  old  subjects  being  more  susceptible 
^0  ngorous  adults  (Martland,  1Q17). 

The  poison  is  absorbed  mainly  through  the  skin.  (Moore,  IQ18). 

The  symptoms  take  two  directions:  local  irritation  of  the  skin  and  mucous  mcm- 
Ofaaes;  and  degenerative  hepatitis  similar  to  phosphorus  poisoning.  (Liangs to nc, 
^^armoulh  and  Cunningham,  igi6). 

Minor  ailments  fdij^estive  disturbances,  etc.)  are  much  more  frequent  than  toxic 
AQ&dice;  but  the  latter  may  develop  after  a  long  interval;  for  instance  in  one  extreme 
^^  wven  months  after  stopping  work  on  the  poison  (J  A.M.A.7:ri7H,  1918). 

The  Iccal  irritations  affect  the  eyes  and  nose;  then  produce  cough,  bitter  taste, 
pstnlgia,  eructations,  colic,  and  vomiting.  At  first  there  is  obstinate  constipation, 
"ter  diarrhea  and  tenesmus.     The  skin  is  cczematous. 

.  The  ty\trmic  tweets  consist  of  nausea,  vomiting  anorexia,  jaundice,  mental  dcpre»- 
■on,  Murred  \-i.<uon,  transitory  peripheral  neuritis.  The  condition  may  terminate  in 
''■'^  -,.  coma  and  conNTjlsions. 

.Ii}undi<e,  anemia,  purpura. — The  T.N.T.  jaundice  is  of  hepatic  origin,  and 
—  ihc  liver  tissue  so  severely  damaged  that  recover>'  is  very  exceprional  in  patients 
*ho  have  reached  this  f-tape.    There  is  also  destruction  of  the  red   marrow,  resulting 
^»Ustic  anemia;"  and  purpura  (Panton,  1917;  B.  Moore,  1917)- 

The  hUtctd  of  T.M.T.  workers  who  do  not  exhibit  symptoms,  does  not  show  any 
^HMacicrisUc  changes  (L.H.  Sroith,i9i8). 
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Cyanosis. — Moore  describes  the  immediate  effect  of  the  absorption  of  T.N.T.  U>i 
change  in  the  hemoglobin,  with  diminshtsJ  oxygen  capacity,  leaciing  to  cyanosis,  U^ 
hunger  on  exertion,  etc.  This  is  generally  easily  recovered  from,  and  its  inteoattj 
bears  no  relation  to  that  of  the  jaundice.  j 

Toxic  Efect  on  AnimaU. — Rabbiis  appear  to  be  rather  insusceptible  (Panton,  KniA 
Dogs  respond  by  a  train  of  chronic  digestive  and  cachectic  symptoms  cndtne  in  dcathj 
These  resemble  the  human  symptoms,  except  that  the  liver  is  relatively  little  affected 
(Kramer  and  Maerhof,  1918). 

Treat merti, — Little  can  be  done  for  the  fully  developed  disease.  The  workers  shouW 
be  withdrawn  from  exposure  with  the  first  appearance  of  any  symptoms. 

Protecium.—Thh  offers  the  only  satisfactorj'  solution  of  the  problem.     It  invol^TS 

proper  ventilation,  cleanliness,  etc.     The  subject  is  discussed  by  Schcrcschewslcy,  igi?- 

Tetryl"  (Trinitro-phenyt-mcthyl-nitramin).     This  is  another  explosive.    It  ottta 

produces  dermatitis;  also  abdominal  symptoms,  asthmatic  attacks,  hemoTTbages  froa 

mucosae;  headaches  and  giddiness  (Cups  &  Kuxton,  1917). 

KITROBENZOL 

Nitrobenzol,  CgHj.NOj,  is  used  extensively  in  the  manufacture  of  anilin.  I1  fcu 
been  tried  as  abortifacient.  Its  odor  resembles  thai  of  hydroc>'amc  acid,  and  it  hi 
thercforo  been  used  in  cheap  perfumery  and  soaps,  under  the  name  of  Artificial  Oil  of 
Almonds  or  Oil  of  Mirbanc;  but  it  is  highly  toxic;  i  Om.  may  be  fatal. 

Toxk  Symptoms. — These  are  usually  rather  delayed,  s«>mctime5  for  hours.  They 
resemble  anilin  poisoning;  and  consist  in  nausea  and  prostration,  burning,  headtck, 
intense  cyanosis,  vomiting  with  characteristic  odor,  convulsions,  and  coma,  ej»dia|ia 
death  after  a  few  hours.  The  mortality  is  high;  but  30  c.c  with  prompt  trestmeot 
were  survived,  (Zuccola,  191 8).  In  protracted  cases,  temporary  unprovemcnl  and 
relapses  occur. 

The  c>'anosis  is  a  very  striking  feature,  tlic  face  turning  almost  black;  the  bW, 
when  withdrawn,  is  also  very  dark,  due  to  the  formation  of  methemoglobin.  ThebUofl 
corpuscles  undergo  rapid  and  intensive  destruction.  In  case  of  recovery,  this  is foBowrf 
by  active  regeneration,  with  marked  h>peractivity  of  the  bone-marrow  (ZuccflU. 

The  other  s>-mptoms  result  largely  from  the  asph>'xia;  but  the  motor  centenW 
probably  afiecied  directly.  The  respiration  and  arculation  undergo  relatively  Stlk 
disturbance. 

Nitrobenzol  has  been  taken  to  produce  ahortioHj  but  even  large  doses  ate  ineffec^ 
(Spinner,  1917). 

Subacute  and  chronic  poisoning  show  icterus  and  cyanosis,  the  clinical  pictuft 
resembling  pernicious  anemia. 

The  reported  cases  of  nitro-bcnBol  poisoning  arc  reviewed  by  S.  S.  Adams,  19*.** 

Shoe-Dye  Pohoning. — The  use  of  snoe-tlyes  flavored  with  mtrobenzol  resulted  it 
numerous  cases  of  temporary  cyanosis  in  the  Army;  fortunately  all  recovered  (Slilel 
igig).  It  is  not  certain,  however,  whether  the  effects  were  due  to  nitrobeniol  prop*. 
or  to  anilin  or  some  other  nitration  product  (Jour.  Amer.  Med.  Assoc.  IQ19,  v.  ;z.[v 

593)- 

Treatment. — This  consists  in  evacuation  and  stimulation.  No  fat  should  be  ^^^^ 
Transfusion  of  blood  results  in  marked  improvement  (Zuccola). 

Inhalation  of  Xitrohmzol  Vapor.—Thc  symptoms  differ  in  detail  with  the  speOB^ 
animals.  They  generally  begin  3  or  4  days  after  exposure,  with  vomiting  and n»ttt«< 
digestive  disturbance;  then  loss  of  muscular  coordination,  generally  starting  with  tbi 
hind-legs;  forced  movements  or  extensor  rigidity.  Consciousness  is  prcsored.^ 
Death  occurs  through  respiratory  failure  (Dresbach  and  Chandler,  1917). 

The  motor  symptoms  are  of  cerebellar  type;  and  histologic  ejuiminution  &how9< 
in  the  cerebellar  Purkinje  cells,  whilst  other  nerve  cells  are  unaffected  (Dresbtcb 
Chandler,  igijJ). 

ANILIN 

Anilin,  CiHkNHt,  is  used  extensively  in  the  arts  and  therefore  gixTS  rlaeto' 
trial  poisoning,  with  methemut^tubin  formation,  headache,  weakness,  dvspOCT, 
convulsions,  and  psychic  disturbances.     Its  excretion  has  been  studied  b>'  Rainl 
1913- 
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CREOSOTE    AND  GUAIACOL 

Composition. — The  empyreumatic  products  of  the  distillation  of  wood 
—the  smoke,  and  the  creosote  and  tar  which  may  be  condensed  from  it — 
possess  very  considerable  antiseptic  power.  Tliey  consist  indeed  of  a 
mixture  of  coal-tar  derivatives.  The  most  important  of  these  products 
from  a  therapeutic  standpoint  is  creosote,  the  variety  which  is  obtained 
from  beech-wood  (first  by  Reichenbach,  18.50)  being  particularly  valued. 
Its  principal  constituents  are 

/OCHj 
and  creosol,  C«Ha — CH|. 
\OH 


:ol,  C«H,<g^^» 


The  action  of  these 


compounds  could  be  largely  deduced  from  their  composition,  which  is 

ilar  to  the  cresols.  They  are  more  strongly  antiseptic  and  anlipy-' 
frtic,  and  rather  less  irritant  and  toxic,  than  is  phenol.  Creosol  should 
^x  superior  theoretically,  but  practically  does  not  differ  sufficiently  from 
guaiacol,  to  offset  its  higher  cost.     Guaiacol  constitutes  from  60  to  90  per 

t.  of  the  creosote,  and  shares  all  its  properties,  with  the  advantage  of 
fonstant  composition.  , 

Uses. — ^Creosote  and  guaiacol  are  employed  mainly  in  tuberculosis^ 
iiaving  been  introduced  especially  by  Sommerbrodt,  1887.  Clinical 
opinions  are  divided  as  to  their  value.     They  are  generally  believed  to 

rease  the  appetite,  nutrition  and  weight,  and  to  lessen  the  cough,  the 
fever  and  the  night-sweats.  The  benefits  are  seen  only  in  early  cases,  if 
ihe  use  is  long-continued,  and  if  it  does  not  cause  gastro-intestinal  dis- 
turbances. This  explains  the  difficulty  of  arriving  at  a  fair  judgment- 
Ii  Would  be  still  more  difficult  to  explain  the  effects.  The  tul>LTclc  bacilli 
•ire  Certainly  not  killed  in  their  foci;  it  is  even  doubtful  whether  ihcir 
powth  is  restrained.  Possibly  the  benefits  may  be  referred  to  the  local 
*^fct  on  the  alimentary  canal  and  on  the  bronchitis;  and  to  the  antipy- 
retic action.  Guaiacol  is  considered  an  hilestifial  antiseptic,  although  its 
aftion  is  difficult  to  demonstrate  (Harris,  igia).  Creosote- water  is 
'^metimes  given  to  check  gastric  fermentation. 

Other  Pulmonary  Diseases. — These  (bronchitis,  pneumonia)  are  also  benefited, 
c^t^ially  by  inhalation,  where  the  local  antiseptic  ana  stimulant  action  can  come  into 
pUy.  .\bs(ilulely  none  is  cxcretcrl  by  the  lun^s  (Bufalini,  1904).  When  guuiacol  is 
"^iecled  hypodermically,  the  major  part  is  contamcd  in  the  blood,  liver  and  spleen,  much 
Iwi  in  the  lungs  and  kidneys  (Hofbauer,  IQ15).  It  is  therefore  diflicult  to  conceive 
*>'uiaotis^tic  action  in  thelun^.  However,  it  has  been  proven  that  creosote  increases 
'^secretion  of  mucus  even  when  taken  by  the  mouth  In  plairiiic  elusions,  it  hastens 
tlw «baorptioo  of  the  exudate  when  it  is  rubbed  into  the  chest. 

As  an  antipyretic  Kuaiacol  do  to  30  drops,  dissolved  in  an  equal  volume  of  oil  or 
■>lo)hoI)  may  be  rubbed  into  the  clean  and  dry  skin  of  the  abdomen  for  ten  to  fifteen 
°iinutes,  thus  avoiding  intestinal  irritation.     It  causes  considerable  diaphoresis,  and, 
Jtts  rw)  advantage  over  other  antipvTetics. 

Thr  local  anesthetic  action  is  utilized  especially  in  dentistry'' 

Administration. — In  tuberculosis,  creosote  or  guaiacol  is  given  in 
the  largest  doses  which  can  be  tolerated  without  too  much  gastro-intestinal 
irritation;  begirming  with  i  drop  and  increasing  to  5  or  10  drops,  in  ex- 
temporaneous capsules,  three  times  daily  after  meals.  If  they  arc  not 
tol^ated.  guaiacol  carbonate  should  be  substituted. 

Poisoninc  by  Creosote. — This  resembles  that  by  phenol,  but  the  effect5  are  less 
oonrulsive.  The  local  actions  are  al^o  similar.  The  side  actions  of  therapeutic  doecA 
are  detailed  by  Seifcrt,  Nebcnwirk.,  1015,  p,  196.     Death  has  occurred  after  7  Gm« 


MANUAL   OF  PHAHICACOLOGY 


(Schulzc.  1894).  H>*podcnnicaI!y,  guaiacol  produces  dangerous  collapse  and  canliic 
depression.  The  excrcthn,  as  with  phenol,  is  mainly  in  combination  with  glycuronic 
and  sulphuric  acid  (Knapp,  191 1).  Guaiacol  (but  not  its  carbonate)  causes,  in  veiy 
large  doses,  the  appearance  of  an  undetermined,  very  viscous,  substance  in  the  uriae, 
which  is  supposed  to  be  capable  of  obstructing  the  urinilcrous  tubules.  ■ 

Guaiacol  Carbonate. — The  undesirable  local  effects  of  guaiacol,  the" 
taste  and  the  toxicity,  are  largely  reduced  by  converting  it  into  esters, 
on  the  "salol-principle,"  j.^.,  by  replacing  the  H  of  the  OH  group  by* 
acyl  groups.     These  esters  are  insoluble  and  inactive;  but  in  the  intestine  H 
they  are  decomposed  (saponified),  into  their  constituents^  and  the  OH  b     1 
thus  regenerated.     In  this  way  the  antiseptic  is  liberated  but  slowly; 
its  action  extends  over  the  entire  intestine;  but  the  amount  which  can  be 
liberated  at  any  time  b  too  small  to  be  either  irritant  or  toxic.    The  aeo- 
sote  esters  are  decomposed  even  mor^  slowly  than  salol,  perhaps  only 
through  putrefactive  bacteria.     An  excess  wUl  pass  the  intestine  unal)- 
sorbed.     As  much  as  6  Gm.  of  Guaiacol  carbonate  has  been  given  to 
phthisical  patients,  as  much  as  75  Gm.  (2V2  ounces)  to  dogs,  without 
producing  toxic  symptoms.     With  these  large  doses,  a  great  deal  of  the 
substance  is  passed  in  the  feces,  without  having  undergone  decomposition. 


Other  Guftiacot  Compounds. — Since  the  liberated  creosote  or  guaiacol  is  the  active 
portion  of  these  compounds,  the  acid  with  which  they  are  combined  is  ahsoluldy 
immaterial.  The  carbonic  acid  esters  are  the  cheapest  and  contain  the  largest  per- 
centage of  active  principles,  and  therefore  deserve  the  preference  which  has  b«a 
universally  accorded  to  them.  Similar  compounds  have  been  prepared  from  all  otlw 
phenols — from  thymol,  menthol,  etc. 

.'Vs  there  are  no  good  reasons  for  the  use  of  these  other  guaiacol  compounds,  they  Deed 
only  be  mentioned.    They  are  more  fully  described  in  N.N.R. 

Compounds  formed  by  replacing  the  OH  by  acyl  groups  (analogous  to  the  cubooitc): 
Benzoate  (Benzosol);  Cinnamate  (Styracol);  Salicylate  (Guaiacol-salol) ;  Mcthy^yaf 
(Monotal). 

Replacement  of  the  OH  by  alkyl  group:  The  methyl  derivative,  Veratrol.  is  practiaHf 
inactive  because  the  OH  is  not  regenerated.  The  Kb'ccrin  derivative,  Ciuaimnr.  is  wtublr 
and  active,  but  has  a  bitter  taste.     Guaiasanol  is  inc  chlorid  of  dicthyl-glycocoll  guMf"* 

lliioGol  is  potassium  guaiucoUulphonate,  analogous  to  sodium  pbeaoUuIphonate. 
Like  the  latter,  it  has  very  little  effect. 

PREPARATIONS — CREOSOTE 

*Creosotum  (Creosot.),  U.S.P.,  B.P. — A  mixture  of  phenols  and  phenol  dcri^'atJw* 
chiefly  guaiacol  and  creosol,  obtained  during  the  ditillation  of  wood  tar,  preferably  tbt 
derived  from  beech.  Almost  coIuHcss  or  yellowish,  highly  refractive,  oily  liquid,  ha""! 
a  penetrating,  smoky  odor;  burning,  caustic  taste.  Slightly  sol.  in  water.  Mi«W* 
with  ale.  and  fixed  volatile  oils.  Dou,  0.25  c.c,  4  minims,  U.S. P.;  0.06  to  0.3  c.c, ' 
to  5  minims,  B.P.     Maximum  dose,  0.5  c.c,  8  minims. 

Aq.  Creosol.,  U.S.P. — A  saturated  waterj'  solution,  recently  prepared,  contalaioi 
about  I  per  cent.    Dose,  10  c.c,  2*^  drmas.  U.S.P. 

t/«g.  Creosot. t  B.P. — 10  per  cent. 

Creosoti  Carbonas  (Creosot.  Cirb.),  U.S.P. — A  mixture  of  the  carbonates  ol  ^'^^ 
constituents  of  creosote,  chiefly  guaiacol  and  creosol.  A  clear,  colorless  or  yellowtsD, 
viscid  liquid,  odorless  and  tasteless,  or  having  a  slight  odor  and  taste  of  creosote.  Inw* 
in  ^rater,  freely  sol.  in  ale  or  fixed  oils.     Dose,  i  Gm.,  15  gr,,  U.S.P. 

•Guiiuirol,   U.S.P.,   B.P.,   C*H4(OH)(OCH,)— Nearly   colorless  refractive  liquid, 
crystalline  at  low  temfwraturcs.     Odor  aromatic;  sharp  taste.    Sol.  in  water  (rS^" 
freely  misciblc  with  give.  ale.  or  oils.     Dose,o.^  c.c,  8  minims,  U.S.P.;  0.06  to  0.3c 
1  to  5  minims.  B.P.     Maximum  dose^  0.5  c.c,  8  minims. 

•Guaiitcalh  Carbonas  (Guaicol.  Carb.),  U.S.P.,  B.P.;  (Duotol),  (CiH<(OCHilO)fCOi- 
— White  crystalline  powder,  almost  without  odor  or  taste.     Practically  insol.  in  «*^ 
sol.   in  ale  (1:60).    Dose,  i  Gm..  15  gr.  U.S.P.;  0.3  to  i  Gm.,  5  to  15  gr.,  B.P;" 
powder  or  capsules.    MaximuM  dose,  1  Gm.,  15  gr. 
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TAR 

is  a  complex  product  obtained  by  the  destructive  distillation  of 
woods,  especially  Pinus  palustris.  It  contains  phenols  and  other 
latic  derivatives,  resin  acids,  acetic  acid,  etc.  Tar  is  strongly  irritant 
16  skin;  it  Ls  used  in  scabies  and  other  parasitic  skin  diseases,  chronic 
xzema,  itching,  etc.;  but  has  now  been  displaced  largely  by  the  less 
;reeable  naphihol  and  resorcin.  Internally,  it  has  been  employed  in 
nic  bronchitis  and  cystitis,  acting  similarly  to  turpentine  and  copaiba, 
official  syrup  is  little  more  than  a  flavoring  vehicle.  Toxic  doses  of 
roduce  effects  similar  to  phenol :  vomiting,  colic,  diarrhea  and  collapse. 

J  of  Tar. — WTicn  tar  is  subjected  to  redistillation,  it  can  be  separated  into  a  fixed 
in — pitch —  consisting  mainly  of  rosin;  and  a  volatile  portion  which  separates  into 
Tar  {OUum  Pids  Liqnida.  U.S.P.i  and  pjToligncous  (crude  acetic)  acid.  The  oil 
consists  of  various  coal-tar  derivatives,  mainly  Cresols,  Guaiacol  Phenol,  Xylol, 
1,  aad  Pyrocatcchin.     It  also  contains  methyl  alcohol  and  acctooe. 


r  PREPARATIONS — TAK 

ix  Liquida  (Pix.  Liq.},  U.S. P..  B.P.;  Pine  Tar, — A  viscid  blackish -brown  sub- 
.  obtained  by  the  destructive  distillation  of  Pine  wood.     Empyreumatic  odor  and 

taste.  Miscible  with  ale.  and  fixed  or  volatile  oils,  only  partly  sol.  in  water. 
D.5  Gm.,  8  gr.,  U.S.P. 

PU.  Liq.,  U.S.P. ;  Oil  Tar. — A  volatile  oil  distilled  from  Tar.  An  almost  color- 
[uid  when  freshly  distilled,  but  soon  acquires  a  dark  reddish-brown  color,  and  has 
Ig,  tarry  odor  and  taste.     Dose,  0.3  cc,  3  minims,  U.S.P. 

r.  Pic.  Liq.,  U.S.P. — 0.5  per  cent.  Dose^  4  cc,  i  dram,  U.S.P.  Used  as  Qavorlor 
mixtures. 

ngucHium  Picis  Liquida  (Uog.  Pic  Uq.),  U.S.?.,  B.P.;  Tar  Ointment, — 50  per 
J.S.P .;  70  per  cent.,  B.P. 
«m  Cadinum  (Ul.  Cadin.),  U.S.P.,  B.P.;  Oil  of  Cade  (Oil  of  Junif)er  Tar;    OI. 

Emp>'Teumalicuni). — An  empyreumatic  oil  obtained  by  the  dr>'  distillation  of  the 
of  Juniperu.s  Oxj-cedrus.  A  dark  brown,  clear,  thick  liquid,  having  a,  tany* 
cumatic  odor  and  a  worm,  faintly  aromatic^  and  bitter  taste.  Used  externally 
r,  having  a  less  unpleasant  odor. 

c  Carbonis  PnrparaU  (Pix  Carbon.  Prep.),  B.P. — Prepared  Coal-tar. — Commer- 
>al-tAr  is  heated  for  an  hour  at  so^C.  to  expel  ammonui.  It  is  employed  as  anti- 
and  antipruritic  in  the  form  of  Liq.  Puis  Carb. 
•  P!<-.  C<irhon.,  B.P — 20  per  cent,  in  alcoholic  solution  of  Quillaja. 
r  Eczema  and  Cancer. — Workers  with  coal-tar  often  develop  eczema,  which  may 
latc  in  epithelioma.  "  Gas-works  tar"  is  cspedally  liable  to  produce  these  affec- 
The  constituents  responsible  for  its  "auxetic"  action  have  not  been  identihed; 
canthracen  fraction  is  the  must  active  (Norris,  1014)-  It  stimulates  cell  division 
I  viiro  (Ross,  Cropper  and  Ross,  1912).  Yamagiwa  and  Ichikawa,  1917,  claims 
fe  produced  t>'pical  epithelioma,  with  metastases,  by  painting  tar  on  the  inner 
f  nob  its  ear. 

nffin  Dennatitis  and  Cancer. — Workers  in  crude  paraffin  are  also  very  often 
kI  in  the  same  manner.     Putl-  paniffin,  however,  is  harmless, 
e  effects  were  6rst  described  by  Volkmann,  lAgf.     The  acute  stage  begins  with 
ons  and  abscesses,  *'wax  boils."    These  last  several  months,  and  then  pass  into  a 
k  dermatitis,  with  seborrhea  resembling  psoriasis,  pigmentation,  dry  fissures. 

Ihickening,  resembling  ichthyosis,  etc.    In  the  terminal  stage,  multiple  warts  or 

Vus  devck>p,  turning  finally  to  true  epitheUoma  (Davis,  19x5). 

THYMOL 

5s  is  contained  in  a  number  of  aromatic  oils,  for  Instance  Thyme, 
icmical  structure,  CeHvCHjOHCjH?,  1*3:4,  is  allied  to  that  of  the 
ote  constituents.  Its  actions  are  also  similar  to  those  of  phenol. 
utiseptic  efficiency  is  higher,  restraining  the  growth  of  pus  organisms 
3,000;  it  is  not  a  ver\'  active  germicide.  The  local  eflFects  and  the 
ity  are  relatively  slight,  because  of  its  slight  solubility  and  slow  ab- 
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sorption.  The  absorption  from  the  alimentary  canal  is,  however,  pni 
lically  complete  (Seidell,  1915).  The  solution  and  absorbability  1 
favored  by  alcohol  or  oi!  (Schultz,  i<)is);  these  must  be  avoided  in  I 
therapeutic  use.  Even  after  absorption  its  toxicity  is  but  a  fourth 
that  of  phenol.  About  half  of  the  thymol  is  completely  destroyed  in  1 
body  (Seidell,  1915).  The  remainder  is  excreted  paired  with  sulphu 
and  glycuronic  acid  (Blum).  The  symptoms  are  similar  to  phenol  ( W. 
Schultz,  191 1),  except  that  there  are  no  convulsions,  the  central  ncn'O 
system  being  primarily  depressed.  It  is  rapidly  absorbed  from  hvp 
dermic  injections  of  oily  solutions  (Schultz  and  Seidell,  191 2). 

Uses. — Thymol  has  a  rather  pleasant  clean  taste;  and  a  satunti 
watery  solution  makes  a  rather  agreeable  and  fairly  efficient  antisqjt 
and  deodorant  mouth  wash  or  gargle;  lotion  for  discharging  wounds,  eti 
Internally,  it  is  occasionally  employed  as  antipyretic  and  intestinal  anil 
septic.  Its  main  use  is  as  an  anthelmintic  in  the  treatment  of  hook-worfl| 
disease  (Bozzolo,  iSSi). 

Administration  in  Uncitiarksis. — It  is  given  fasting,  in  the  totAl  .dose  of  3  Gm. 

adults,  and  the  usunl  modifications  for  age,  divided  into  three  portions,  taken  ao 


apart,  best  as  line  powder  in  5-gr.  capsules.  The  efficiency  is  increased  by  mli^ 
tne  powdered  thymol  with  equal  parts  of  lactose  or,  better,  sodium  bicarbonate  fWn 
burn,  1Q17). 

The  thymol  is  nreceded  and  followed  by  a  saline  cathartic  (not  by  castor  oJI>  J 
rather  detailed  teoinic,  established  by  Stiles  (described  in  J. A.M. A.,  60:1546,  loij 
should  be  used  to  insure  success.  The  treatment  is  repeated  at  weekJy  intervals  taa 
successful. 

Although  faiehly  eflective  against  hook-worm  disease,  thymol  is  not  ideal.    It 
times  fails;  produces  some  disagreeable  after-effects  in  nearly  half  the  patients;  in  1  If*. 
it  causes  severepoisoning;  and  its  casi  is  high  (Levy,  iom)- 

Thymol  in  Trichinosis, — When  the  parasites  arc  still  in  the  intestines,  thymol 
be  given  by  the  uncinaria  tcchnic.     B.   A.  Booth,  Gochring  and  KaluL,  1916, 
report  good  results  in  one  padent  after  the  parasites  had  lodged  in  the  muKle.  ^ 
intramuscular  injection  of  an  oily  solution  {2  to  3  c.c.  of  6  per  cent.,  daily  for  7  "i^Pi  j 
intermit  and  repeat).     No  toxic  symptoms  occurred. 

Thymol  Test  of  Hepatic  Function. — .Administration  of  0.5  grams  of  th>'mol  to 
usually   results   in   considerable  increase  of  the  ethereal  sulphate  of  the  urine    Vk 
response  .is  sometimes  absent  in  hepatic  disease;  but  it  is  not  distinctive  (M. 
1918). 

PREPARATIONS — THYMOL 

•Thymol,  VS.?.,   B.P..  C*Hi(CH,)(OHj(CiHr).— Occurs  in   the   volatile  dl 
Thymus  vulgaris  and  in  some  other  volatile  oils.     Large,  colorless  prisms;  trooid| 
thyme-like  odor;  pungent,  aromatic  taste.     Very  slightly  sol.  in  water  (x :  i/sio);  I 
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sol.  in  ale.  (i:  i)  or  olive  oil  (t:  1.7):  sol.  in  other  tixedx>ils  and  in  vol.  oils.    Uq^ 
when  triturated  with  camphor,  menthol  or  chloral.     Dose^  0.125  Gm.,  3  gr.,  USJ*^ 
0.0.^  to  O.I3  Cm.,  "^  to  2  gr.,  B.P.,  as  antiseptic;  i  Gm.,  15  gr.  (caution!)  perd»)r< 
anthelmintic,  U.S.P.;  1  to  a  Gm.,  15  to  30  gr.,  B.P. 

The    saturated    watery    solution    furnishes    an    efficient    mouth-wash    (H.    P< 
Goodrich,  loi?)- 

NAPHTHAUN 

This  represents  the  union  of  two  benzol  rings:     It  is  practically  insoluble  in  nw; 
and  is  employed  mainly  as  insecticide  (moth-balb);  as  antiseptic  dusting  poi\'dcr  in  ' 
diseases   and  as  intestinal  antiseptic  and   anthelmintic,  cspedally  a^unst  oxyvfli 

H       H 
C    ,  C 

hcj'''^^j'''^\;h 

c     c 

H       H 

Naphlhalin,  CioH« 


NAPHTHOL 


S8S 


Fumigations  have  also  been  tried  against  pertussis.  It  has  usually  a  relatively  low 
toxicity  for  mammals  because  but  litUc  is  absorbed,  the  greater  part  being  elirainalcd 
unchanged  by  the  feces.  That  absorbed  is  excreted  as  naphthol,  naphthoquinon,  etc., 
and  produces  renal  and  vesical  irritation  and  hemorrhage.  However,  the  absorption  is 
sometimes  greater,  especially  in  the  presence  of  oil:  2  Gm.,  administered  in  the  course  of 
two  days,  has  proven  fatal  to  a  six  year  old  child  (Prochownik,  iqii).  Heine,  igij, 
reports  poisorking  in  a  woman  after  2.S  Gm..  distributed  over  three  days.  Retinal 
clanges  may  occur,  similar  to  those  produced  by  naphthol  fTakamura,  igi2).  Further 
Ttfercnces  to  the  side  actions  arc  (fiven  by  SeUerl,  Ncbenwirk,  191 5,  p.  140. 


PREPARATIONS — NAPHTHALEN 


Insol.  m  water;  sol.  in  ale 
o-os  Gm. 


-Colorless,  crj'StalUne  powder;  ooal-tar  odor;   hot   taste, 
(i:  ij).    Dose,  o.i  to  0.5  Cm.  {2  to  8  gr.).     For  children, 
I  gr.,  at  tH  years;  to  0.3  Gm.,  j  gr.,  at  twelve  years,  three  times  daily. 

NAPHTHOL 

The  naphthols  arc  compounds  analogous  to  phenol,  formed  by  the 
introduction  of  an  OH  group  into  naphlhalin:  Alpha- naphthol  is  the  more 
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OH 


Bets 


Beta-naphthol 
special  irriiant 


xtc  of  the  Isomers  and  Ls  not  employed  in  medicine. 
*<^ts  similarly  to  phenol,  but  is  more  germicidal.  It  has  a 
*5^>on  on  the  kidneys,  and  severe  nephritis  has  been  caused  by  its  absorp- 
^^T\  from  the  intact  skin  in  the  therapeutic  use  (Koposi,  t88i;  Baatz, 
l?^4).  It  is  therefore  especially  contraindicated  in  the  presence  of  renal 
^^sease.  Changes  in  the  retina  and  opacity  of  the  lens  have  also  been 
^^cribed  after  its  use  (e.g.,  Howe,  1913).  Further  references  to  the  side 
Actions  are  given  by  Seifert,  Nebenwlrk.,  191 5,  p.  186. 

It  is  almost  insoluble,  and  is  employed  as  an  ointment  in  psoriasis, 
?*^ne,  parasitic  skin  diseases,  pruritus;  and  to  deodorize  ozena.  Internally, 
^  is  used  as  an  intestinal  antiseptic  and  anthelmintic.  It  is  effective  in 
."Opk-worm  disease  but  inferior  to  thymol  CFreeman,  1908).  The  local 
''Citation  and  toxicity  may  be  lessened  on  the  salol-principle.  by  trans 


fo 


fining  it  into  esters.    The  benzoatc,  salicylate  (Belol)  and  oxytoluate 


(Epicarin)  are  described  in  N.N.R 

PR  EPARATIONS — NAPHTHOL 

^BfUtMpiUkol,  U.S.?.;  Naphlftoi,  B.P..  CirHrOH— Colorless  or  buff-colorcd,  co'S- 
J*^inc  lamina;  or  powder;  faint  phenol  odor;  pungent  taste.  Very  slightly  sol.  in  water 
^^  -  t,ooo);  very  sol.  in  ale.  (1:0.8)  and  iii  oils,  glycerin  and  alkalies.  Dose,  0.25  Gm.,  4 
p"-  U.S.P.;  0.3  to  0.6  Gm.,  3  to  10  gr..  B.P.;  against  hook-worm,  r  to  4  Gm.,  by  special 
*^5*^c  (Freeman,  1908).  Extemally,  i  to  10  per  cent,  ointment  or  2  to  5  per  cent,  solu- 
^K>ii  in  qQ  Qf  alcohol;  in  alopecia,  1  to  2  per  cent. 

QOINOLIN 

Quinolin,  C»H:N,  is  derived  from  naphthalin  by  the  substitution  of  a  N  foraCH 
K'^up,  It  is  highly  toxic  and  strongly  antiseptic,  but  does  not  inhibit  the  growth  of 
y^asi  (Donath,  1881).  In  rabbits,  the  hypodermic  or  intravenous  injection  of  0.2  Gm. 
(y  kilogram  produces  retinitis,  similar  to  naphthalin;  the  lens,  however,  remaining 
'''»'  Ue«.  igi6). 
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Ozyquinolin  Sulphate  (C3HtON)jHjS04,  is  very  strongly  antiseptic,  but  f«t 
germicidal.     It  seems  to  be  non-toxic  and  is  used  as  an  antiseplic  lotion  for  mutot 
membranes,  etc.,  under  the  name  of  chinosol  (N.N.R.).     Its  fate  was  studied  b]j 
Brahm,  1899. 

BENZOIC  ACID  AND  BENZOATES 

Benzoic  acid,  CsHsCOaH,  occurs  in  the  balsams  (Benzoin,  Tolu,  etc. 
in  cranberries  and  in  other  vegetables;  and  in  the  decomposed  urine 
herbivora.     It  is  now  prepared  synthetically.     It  is  a  fairly  strong  anti-^ 
septic  of  about  the  same  rank  as  phenol;  the  salts  are  somewhat  less  etRi 
cient.     The  free  acid  in  concentrations  above  o.i   per  cent,   produce*! 
moderate  local  irritation;  the  salts  are  not  irritant.     The  systemic  toxicity 
is  very  low,  even  large  doses  producing  mainly  digestive  derangeineDt,^ 
sometimes  with  further  effects^  resembling  those  of  salicylates.     There  iifl 
also  a  similar,  but  weaker  therapeutic  action  in  rheumatic  fever.     Fatali- 
ties are  unknown.     Benzoic  acid  combines  in  the  kidneys  with  glycocoil 
to  form  the  inactive  hippuric  acid. 

Use  as  Food  Preservative. — The  low  toxicity  and  the  absence  of  odor 
or  marked  taste  has  led  to  the  use  of  henzoates  for  the  preservation  of 
foods,  especially  fruits  and  vegetable  products.  Sodium  benzoate  is  gen- 
erally employed  for  this  purpose  in  the  concentration  of  o.i  per  cent.;  in 
acid  foods,  especially  fruits,  most  of  the  benzoic  acid  would  be  liberated. 
This  concentration  suffices  to  restrain  bacterial  growth  considerably,  but 
may  not  prevent  it  completely. 

Antiseptic  Efficiency. — Bucbbolz,  1875,  found  the  free  add  to  be  germicidal  io  04 
per  cent.,  and  antiseptic  in  0.1  per  cent.  Salkowski,  iSgg,  found  that  0.25  per  cttt. 
kept  meat  sterile  for  five  montns;  with  0.1  per  cent,  there  were  only  a  few  coloiu«a- 
Sodium  benzoate  in  neutral  media  inhibits  growth  in  0.3  to  0.5  pwr  cent.  (Th.  Smith)- 

Action  on  Digestive  Ferments. — In  test  tubes,  benzoic  acid  un  to  o.  i  per  cent,  does 
not  interfere  markedly;  but  higher  concentrations  arc  detrimental,  especially  to  pepsin 
(Leffmann,  1899).  Howe%'er,  peptic  digestion  proceeds  fairly  rapidly,  even  in  a  satu- 
rated solution  (Dakin).     These  actions  have  no  practical  importance  (Long,  igial.     ^ 

Actions  of  Moderate  Doses. — These  are  especially  important  in  view  ^ 
of  the  use  of  benzoates  for  the  preservation  of  food.  In  a  very  careful 
investigation,  Chittenden,  Long  and  Hcrtcr,  191 1  (Report  8S,  U.  S.  DepU 
Agr.),  could  not  demonstrate  any  effects  on  healthy  individuals,  if  larger 
quantities  than  are  likely  to  be  used  in  foods,  0.5  Gm.  per  day,  were  con- 
tinued for  weeks.  Even  still  larger  doses,  to  4  Gm.,  were  not  generally 
injurious.  They  were  sometimes  followed  by  indications  of  slight  diges- 
tive disturbance  (Hcrtcr);  but  it  is  doubtful  whether  these  had  any  f^' 
nilicance.  Excessive  concentrations  (above  0.1  per  cent.)  of  the  free 
acid,  consumed  too  freely  (as  in  cider  or  fruit  juices)  probably  cause  more 
pronounced  gastro-intestinal  irritation  (Lucas,  1910)  but  not  albuminuria 
(Herter,  1910;  Gerlach,  1909),  These  concentrations  have  a  noticeable 
taste  which  might  serve  as  a  warning.  There  is  no  reason  to  assume  that 
the  benzoate  has  a  cumulative  action,  since  it  is  promptly  excreted  »* 
hippuric  acid;  nor  is  there  any  evidence  that  the  formation  of  this  acidii 
in  any  way  detrimental. 

Investigations  oj  the  Referee  Board, — Chittenden,  Long  and  Herter  each 
experimented  on  four  to  sue  healthy  young  men,  administering  sodium 
benzoate,  dissolved  in  food  or  drink,  0.3  Gm.  per  day  for  two  months,  thm 
0.6  to  I  Gm.  for  one  to  two  weeks,  and  4  to  6  Gm.  for  shorter  periods- 
Clinical  observations  and  extensive  analyses  of  food  and  excreta  werf 
made.     Chittenden  and  Long  observed  no  effects  whatever  on  the  gcnw*! 
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feeling  of  the  subjects;  on  pulse  or  blood  pressure;  red  or  white  blood 
corpuscles  or  hemoglobin;  no  loss  of  appetite,  nausea,  headache,  intestinal 
disturbance  and  no  change  in  the  intestinal  flora.  The  body-weight  did 
not  diminish;  the  digestion,  assimilation  and  utilization  of  fat  or  protein 
food;  the  composition  of  the  feces;  the  N-balance;  the  quantitative  com- 
posilion  of  the  urine;  and  the  distribution  of  nitrogen,  remained  absolutely 
normal.     There  was  no  indication  of  damage  to  the  kidneys. 

Herter  agreed  with  these  negative  results;  but  with  doses  above  i  Gm., 
lie  observed  a  slight  increase  of  indican,  of  cecal  bacteria  and  of  free 
gastric  hydrochloric  acid.  These  effects  could  mean  a  slight  irritant 
action  from  the  use  of  these  doses,  which,  however,  are  larger  than  would 
ordinarily  be  introduced  with  foods. 

The  Prussian  Scientific  Deputation  of  Medical  Affairs,  191 1,  accepted 
the  conclusion  that  0.5  Gm.  distributed  in  small  doses  during  the  day,  are 
innocuous;  but  they  do  not  consider  the  experiments  with  doses  of  several 
grams  as  affording  proof  of  absolute  harmlessness. 

The  conclusions  of  Wiley  and  his  collaborators  (Bull.  84,  1908),  were 
less  favorable.  Their  experiments  were  also  made  on  healthy  young  men 
with  doses  of  1  to  2.5  Gm.;  but  these  were  given  dry  in  capsules,  offering 
opportunity  for  more  violent  local  actions  than  when  the  benzoate  is 
dissolved,  as  in  food.  This  may  in  part  explain  the  claimed  deleterious 
results  (gastric  pain^  vomiting,  digestive  and  metabolic  disturbances, 
reduction  of  body-weight,  etc.).  However,  these  results  were  not  very 
sulking,  nor  their  causal  connection  with  the  benzoate  administration  at 
all  conclusive  (K.  B.  Lehmann,  191 1). 

Effects  of  Large  Doses. — Sodium  benzoate  is  tolerated  without  serious  symptoms 
even  in  much  larger  doses,  at  least  up  to  60  Gm.  per  day  (/.*.,  Jaksch,  1897).  Such 
doKS  were  formerly  used  in  therapeutics.  There  are  generally  symptoms  resembling 
tlune  of  salicylates  (Lcwtnski,  1Q08;  Rost,  Franz  and  Hcitzcl,  1923);  as  with  the  latter, 
tlw  dose  required  to  elicit  these  symptoms  varies  greatly:  Nausea  and  vomiting  were 
obt&ined  in  some  cases  with  6  to  8  Gm.  (Meissner  and  Shepard,  1866);  whilst  in  others, 
IS  Gm.  had  no  effect.  The  urine  sometimes  contains  reducing  substances,  presumably 
jiycuronic  acid,  especially  if  very  large  doses  (25  Gm.)  are  taken  (Lcwinski). 

Toxic  Effects  on  Animals. — These  are  analogous  to  phenol;  gastric  irritation,  vomit- 
ing, dyspnea,  decrease  of  rcfle.xcs.  narcosis,  sometimes  convulsions  f  Robert  and 
ScLulte.  1S80).  Uogs  tolerate  1.7  Gm.  per  kilogram  by  vein  without  danger.  This 
produces  short  vagus  stimulation  and  prolonged  rise  of  blood  pressure  (Naumann,  i87g). 

Permissibility  of  Benzoated  Foods.^These  investigations  justify 
iht  conclusion  that  healthy  individuals  may  safely  consume  reasonable 
quantities  of  benzoated  foods  (0.5  Gm.  of  benzoate  per  day,  in  concentra- 
tion of  o.i  per  cent.),  if  these  foods  are  not  otherwise  spoiled  or  unhealthy; 
but  that  p>atients  with  gastro-intcstinal  or  renal  diseases  would  do  better 
to  avoid  them.  Benzoate  is  probably  the  least  harmful  of  food  preserva- 
tives, and  where  these  are  needed,  its  use  appears  permissible;  provided 
Uiat  its  presence  is  stated  so  that  it  may  be  avoided  by  patients  to  whom 
il could  be  harmful  However,  it  is  very  difficult  to  pass  a  final  judgment 
on  such  questions. 

Possible  Objcctioiis.— The  evidence  in  favor  of  benzoates  is  really  negative,  viz., 
tiat  no  deleterious  effects  have  been  proven.  Such  negative  cvitlence  is  always  open  to 
tile  objection  that  our  methods  of  investigation  are  not  sufficiently  delicate  or  compre- 
ive,  or  otherwise  are  not  adapted  to  reveal  the  possible  deleterious  efitects.  More 
crious  probably  is  the  objection  that  the  investiKations  have  so  far  been  confined 
lxnn«t  exclusively  to  healthy  individuals.  It  is  quite  conceivable  ihiit  irritant  actions 
rKch  would  be  too  feeble  to  influence  normal  nrgnns.  might  become  deleterious  to  these 

ins,  especially  the  gastro-intestinal  tract  or  kidneys,  if  these  are  already  diseased, 
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or  when  the  general  resistance  is  lowered.     Hcrter,  igio,  advises  af;ain5t  the  free  use 
bcnEoates  in  dyspepsias.     There  is  also  evidence  that  the  formation  of  hippuric  ack 
which  is  probably  in  part  responsible  for  the  liamilessncss  of  benzoic  acid,  is  intcr-^ 
fered  with  in  at  least  some  types  of  kidney  diseases. 

Hippuric  Acid  Synthesis. — Benzoic  acid  and  its  homolo^  (donamic  acid,  quinic 
add,  etc.)  combine  in  the  body  with  glycocoU  to  form  hippuric  add,  whidi  ib  excreted 
in  the  urine.  The  normal  hippuric  acid  (averaging  0.7  Gm.  per  day  in  man)  arises  ia 
this  manner  from  the  benzoic  acid  occurring  naturally  in  vegetable  foods;  and  from  it^ 
homologs  which  are  formed  in  protein  putrefaction  in  the  intestines  (Salkowski.  x88j 
Baumann,  188O).  The  synthesis  of  hippuric  add  was  discovered  by  Woehler.  Mc' 
ner  and  Shcpard,  i86fi,  showed  that  this  ocnirs  in  the  kidneys.  Bungc  and  Sdimit 
berg,  1877,  demonstrated  the  process  in  excised  kidne>'s.  and  believed  that  this  is 
only  organ  concerned  in  dogs ,  However,considcrable  hippuric  acid  is  formed  in  nephrec- 
tomizeo  dogs  (Kingsbury  and  Bell,  1915).  In  herbivorous  animals,  the  synthesis  also 
takes  place  partly  in  other  organs  fSalomon,  1877)1  ^^  ^^  small  intestines  and  live; 
(Jaarsveld  and  Slokvis,  1879). 

The  liver  also  participates  in  dogs;  for  the  hippuric  acid  is  diminished  by  the  injec 
tion  of  hydrazin,  which  induces  fatty  degeneration  of  liie  liver,  but  is  supposed  lo 
leave  the  kidnej'S  untouched  (Lackner,  Levin.son  and  Morse,  igrfi).  Chickens  do  not 
form  hippuric  acid  (Voshikawa,  igii).  In  man,  benzoic  add  up  to  10  Gm.  per  day  is 
e-xcreteu  almost  quantitatively  as  hippuric  acid  (DaJcin,  igio)  (85  to  90  per  cent-  within 
five  or  six  hours;  H.  B.  Lewis,  1914).  With  very  large  doses  (25  Gm.,  Lewinski)  1 
part  escapes  s>'Tiihcsis.  After  the  administration  of  benzoic  acid,  a  fifth  of  the  tot;^ 
nitrogen  of  the  urine  ma^  be  in  the  form  of  hippuric  acid.  Injected  hippuric  lodts 
excreted  rapidly,  *.c.,  withm  nine  hours  (Kaiziss,  Raiziss  and  Ringer,  1914). 

In  parench>'matou5  nephritis,  even  smaller  quantities  arc  excreted  in  part  as  beraoir^ 
acid  (Jaarsveld  and  Stokvis,  1879;  Kronccker,  1883). 

Uric  Acid. — Large  doses  of  benzoalcs  (S  Gm.  per  day,  in  man)  increase  the  elimins- 
tion  of  urates  in  the  urine,  and  decrease  the  urate  content  of  the  blood.  The  effect 
is  therefore  similar  to  salicyl.     The  crcatinin  of  the  blood  is  not  lowered  (Denis,  1015' 

H.  B.  Lewis  and  Karr,  1916,  observed  a  marked  decrease  in  uric  acid  exottio* 
during  the  period  of  maximal  hippurate  excretion,  after  7  to  S  Gm.  of  benzoate.  1^* 
effect  is  not  produced  by  administering  hippuric  add  directly.  Ct«atinin  etoclioo 
was  not  affected  by  the  benzoate. 

Therapeutic  Uses. — The  slightly  irritant  and  stimulant  action  <rf  frcf 
benzoic  acid  is  sometimes  used  to  promote  expectoration  in  bronchitis 
with  abundant  thin  secretion;  and  in  the  form  of  ben;soin,  to  promote  ii^ 
healing  of  small  wounds,  chapped  hands,  etc. 

Benzoates  were  formerly  employed  in  uric  acid  diseases  (Ure,  1841);  in  arthriti*. 
where  it  acts  similarly  to  salicylates,  but  weaker;  in  tuberculosis;  and  as  a  diuretic  a&^ 
antiseptic  in  cystitis.  It  is  not  diuretic,  and  its  antiseptic  action  on  the  urine  iseveo; 
weaker  than  that  of  the  salicylates  (Sollmann,  1908). 


PREPARATIONS — BENZOATE 


*Addtim  Benzoicum  (Add.  Benz.),  U.S.?.,  B.P.,  C»Ht.COOH.— Obtained  (it>« 
benzoin  by  sublimation,  or  prepared  synthetically.  Colorless,  lustrous  scales  or  needk^; 
odor  resembling  benzoin,  acid  pungent  ta&te.  Slightly  sol,  in  water  ( i ;  ^75),  freely  sol- 
in  ale.  (1:^.3).     Dosf,  0.5  Gm.,  Kgr.,  U.S.J*.;  o.^^  to  1  Gm.,  5  to  15  gr.,  B.P. 

Troth,  Acid.  Bern.,  B.P. — 0.03  Gm.,  .H  gr. 

Ammon.  Bern.,  U.S. P.,  B.P.,  NH<.CtH,Oj.— White,  laminar  co-stalline  powdei: 
odoHess,  or  a  slight  odor  of  benzoic  acid,  saline,  bitter,  afterward  slightly  acnd  tk^r 

?:raduatlY  losing  ammonia  on  exposure  to  air.     Sol.  in  water  (1  :  10)  m  ale.  (1  jj  S'* 
reely  sol,  in  glyc  (1/8),     Oosc^  i  Gm.,  15  gr.,  U.S. P.;  03  to  i  Gm..  5  to  15  gr..  B.P- 

'Sodii  Bcmoas  (Sod.  Benz.),  U.S. P.,  B.P.,  NaH7C»0|. — White  po«der;  odorl^' 
sweetish  taste.  PVeely  sol.  in  water  (i  :i.8) ;  sol.  in  ale.  (1 :  61).  Incompatible  mlbici«* 
and  iron.     Dose,  i  Gm.,  15  gr.,  U.S. P.;  0.3  to  2  Gm.,  5  to  30  gr.,  HP. 

Liquor  Antiseplkus  Alkalinus,  V.F. — A  mildly  antiseptic,  alkaline  and  deinukt»t 
mouth  wash,  containing  about  25  per  cent,  of  glycerin;  3  per  cent.  eacJi  of  sodium  b**" 
zoate  and  potas.  bicarbonate;  o.S  [)er  cent,  of  sodium  borate;  flavored  with  thymol*** 
aromatic  oils,  and  colored  purplish  red  with  persionis.  Applied  with  4  to  5  vohuntt** 
warm  water. 


I 


SALICYL   COMPOIT^S 


589 


CINNAMIC  ACID 

»• 

^namic  add,  C«H»-CH:CH  COOH;  its  soluble  sodium  sail  and  Balsam  of  Peru 

jdi  contains  large  quantities  of  cinnamic-bcnzyl  ester  und  free  cinnamic  acid)  pro- 

■Bucocylosis.     They  were  admini&tered  intravenously  by  Landcrer  against  tubercu- 

Krith  the  idea  of  setting  up  a  localized  inrtammatory  reaction  about  the  tubercular 

leading  to  dcalrization.     The  results  have  been  disapnointing  and  the  treatment 

Ibne  out  of  fashion.     Sodium  Cinnamate  (Hetol)  and  its  administration  arc  dc- 

tod  io  Rep.  Counc.  Pharm.  Chcm.,  191 1,  p.  60. 

^ot  much  is  known  about  the  pharmacologic  actions  of  dnnamic  acid.     Erdmann 

Earschand,  1842,  showed  that  it  h  largely  converted  into  benzoic  and  hippuric 
It  has  no  effect  on  urate  metabolism  (lienis.  iqi^).  Cinnamic  acid  has  been 
;d  as  a  food  preservative;  but  the  German  commission  decided  that  whilst  its 
city  is  low,  its  harmlessness  has  not  yet  been  sufBciently  demonstrated  to  make 
^permissible  (HcStcr  and  Rubner,  iqm)- 

m  SALICYLIC  COMPOUNDS 

blicylic  acid  (ortho-oxybcruoic  acid,  CsHiOHCO-H,  1:2)  and  its 
founds  are  lt?ss  antiseptic  and  much  less  toxic  than  phenol;  but  they 
duce  marked  antipyretic  and  analgesic  effects  and  a  practically  specific 
ef  of  the  phenomena  of  acute  articular  rheumatism.  Large  thcrapeu- 
doses  produce  the  so-called  "toxic"  symptoms  resembling  cinchonism. 
*  different  compounds  act  qualitatively  similar  but  present  quantitative 
erenccs.  The  salicylates  are  excreted  by  the  urine,  partly  free  and 
fc  combined. 

olsCorical. — An  excellent  review  of  the  introduction  of  salicylic  acid  is  furnished  by 
0.  Moore,   1S70.     The  entire  literature  to  date  is  presented  by  HanzUk,    ioi4- 

IUc  add  was  first  prepared  in  1S3S  by  Piria  from  salicm,  wliich  had  been  discovered 
7  by  Lcroux.  Cahours,  in  1844,  and  Procter,  prepared  the  acid  from  ^'aultheria 
Colbc  and  Lautemann  produced  salicylic  acid  synthetically  from  phenol  in  1S60; 
lolbc  deviseti  a  commercially  practical  synthetic  process  in  1874.  He  also  investi- 
its  antifermentative  action.  It  soon  became  thoroughly  established  as  a  surgical 
iSeptic  (Thiersch,  1875);  antipyretic  (Buess,  1875);  and  antirheumatic  (Strickler, 

iseptic  Action. — Free  salicylic  add  b  about  equivalent  to  phenol 
rnzoic  acid;  its  salts,  however,  are  scarcely  antiseptic  (Kolbe,  1874). 
riiaat  effects  disqualify  salicylic  acid  as  a  surgical  antiseptic.  It 
?en  used  as  a  food  preservative,  but   it  is  doubtful  whether  this 

be  permitted.  Salicylates  have  a  moderate  antiseptic  effect  on 
■ine  (SoUmann,   1908;  Jordan,    191 1),  and  mav  be  used  for  this 


on  Leucocytes. — Binz.  1875,  found  that  these  arc  paralyzed  and  lulled, 
to  quinin  and  many  other  aromatic  derivatives.  Ikcda,  1016,  observed  no  effect 
he  emigration  of  white  cells  from  intlamcd  mesentery.  In  mammals,  the  leucocytes 
ii  blood  arc  said  to  be  doubled  an  hour  after  the  administration,  but  return  to  normal 
wo  hours  but  Gehrig,  lO'S.  tinds  that  (salicylate  and  other  antipyretics  do  not 
jttce  Icucorylosis.  as  was  commonly  believed. 

I^cai  Actions  on  Skin. — The  application  of  salicylic  acid  in  substance 
itrong  S4)lulion,  produces  a  slow  and  painless  destruction  of  the  epithe- 
n.  It  is  used  as  ointment,  2  to  lo  per  cent.,  in  itching  skin  diseases 
ticaria)  and  against  pityriasis  versicolor;  as  lotion,  1  lo  2  per  cent., 
>pccia;  as  powder,  3  per  cent,  in  talc,  against  sweating  feet;  and  in 
ion,  TO  to  20  per  cent,  and  plasters  to  soften  corns  and  warts. 

rkcnbusch,  1915,  recommends  a  10  per  cent,  ointment  (spread  thickly)  against 
lammation,  boils  and  eczema. 

irsensitiveness  of  Skin  to  Salicylates. — Saucrland.   IQ12.  found  that  external 
licjilions  (not  the  systemic  administration t  nf  salic>'l  pre[>arntions  cause  a  gradual 
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development  of  persistent  sensitivcncM,  leading  to  eruptions  after  an  incubation  pcrio^l'. 
This  involved  all  parts  of  the  skin,  not  only  that  to  which  the  salicylate  had  befr^ 
applied.    The  skin  was  not  h>'pcrsensitive  to  other  irritants. 

Local  Actions  on  Mucous  Membranes. — Strong  solutions  cause  con- 
siderable irritation  and  superficial  corrosion.     The  salts  are  free  from  this 
objection,  and  the  free  acid  is  therefore  little  empliwed  internally.    It 
also  softens  the  enamel  of  the  teeih  and  should  not  be  used  in  mouth 
washes. 

Salicylates  have  practically  no  effect  on  muscle  or  nerve. 

Absorption,  Fate  and  Excretion. — The  salicyl  compounds  are  rapidly 
absorbed  from  mucous  membranes  and  even  from  the  intact  skin.  The 
Insoluble  esters  are  saponified  and  absorbed  in  the  intestines;  a  partis 
generally  absorbed  without  decomposition.  In  the  tissues  and  blood  liw 
salicyl  exists  probably  as  sodium  salicylate;  high  tensions  of  COj  nay 
liberate  free  salicylic  acid.  It  is  excreted  to  some  extent  in  all  the  secre- 
tions (sweat,  Tachau;  only  traces  in  the  feces,  Hanzlik);  but  by  far  the 
larger  part  appears  in  the  urine;  partly  free  and  partly  conjugated.  The 
excretion  begins  witKin  fifteen  minutes,  and  is  practically  completed  in 
six  to  forty-eight  hours.  The  rapid  excretion  explains  the  need  of  large 
and  frequent  doses.     Larger  doses  may  color  the  urine  green. 

Conjugated  Salicylic  Acids  and  Salicyluric  Acid. — The  forms  in  which  sahcrlftiei 
ore  excreted  by  ihc  urine  are  still  in  question.  A  part  of  the  salicyl  is  excreted  cod' 
jugated  with  sulphuric  and  glycuronic  acids,  also  as  oxysaticytic  acid  (C.  Neubcn, 
191 1),  and  perhaps  in  other  forms.  U.  Mosso,  1890,  estimates  that  more  than  hiUo 
conjugated;  hut  his  methods  arc  open  to  doubt.  It  is  generally  stated  that  the  ffttits 
part  combiner  with  glycocoU,  forming  a  compound  analogous  to  bippuric  acid  and  naswd 
aalicyluric  acid  (Bcrtagnini,  1S56).  Thia  is  supposed  to  be  inactive  in  rbcuin&tilB 
(Stockmann,  IQ06).  However.  Hanslik.  igi6,  failed  to  find  such  a  compound  in  bumtt 
salicyl  urines  and  believes  that  the  older  workers  dealt  merely  with  impure  saiicyfc 
acid. 

Absorption  from  the  Alimentary  Canal. — Sodium  salicylate  remains  in  pan  fcf  i 
considerable  time  in  the  stomach.  The  insoluble  esters  pass  the  stomach  rapuliy  *ili 
out  absorption  and  arc  slowly  decomposed  and  absoroed  in  the  intestines  Buro*. 
iQii;  dogs  with  duodenal  fistula).  Sodium  salicylate  is  also  absorbed  from  the  rectuR 
(Ziemsen;  Massol  and  Minet,  1908);  although  not  quite  as  readily  as  by  mouth  (Fiodkr. 

1905) 

Absorption  from  the  Skin. — Free  salicylic  add,  sodium  salicylate,  methyl  wlicyiib 
and  some  of  the  other  esters,  in  ointments  or  alcoholic  solutions,  are  absorbed  hyli» 
skin  hut  less  rapidly  than  by  mouth  CFranceschini,  1906;  Schumacher,  1908;  S»ocra»t 
1912). 

Sodium  salicylate  is  absorbed  from  the  skin  much  less  than  free  salicylic  idd  (LcMt- 
towic2.  1914). 

The  absorption  by  various  channels  has  been  studied  by  I-cx-in,  191  j. 

Dififusion  through  Colloid  Membranes. — This  is  hastened  by  salicylic  add  or  wSbB 
salicylate  (Oswald,  1910;  Hanzlik,  1913).  Salicylic  acid  also  enters  living  cdb  «{^ 
are  generally  impermeable  to  other  adds  (Han'ey,  1914). 

Distribution  m  Organs. — Blanchier,  1879.  investigated  thb  in  dogs  and  (ouad 
salicyl  in  the  saliva,  bile,  cerebro-spinal  fluid,  articulations,  etc.     Nencki,  1895, '" 
it  in  the  bile  hut  not  in  the  gastric  juice.     Filippi,  1900,  demonstrated  it  in  the  s) 
in  the  brain  and  in  the  spinal  cord.     Vtnd,  1905,  auain  conJirmed  its  presence 
organs  and  secretions,  but  found  more  in  the  secreting  organs  (kidney,  liver, 
mucosa)  and  in  blood  tlian  in  other  organs  (spleen  and  muscles).     The  nervous 
showed  the  salicyl  reaction  only  after  large  doses.     Olmcr  and  TotJau,  1910,  coni 
its  presence  in  cerebrospinal  fluid  and  found  its  quantity  there  independent  of 
Stockman,  1906,  found  none  in  the  siiUva,  traces  in  sweat,  and  considerable  in  the , 
fluid,  blisters,  bronchial,  mucus  and  pleural  effusions.     Scott,  Thoburn  and  " 
1916,  found  the  percentage  in  joint  nuids  of  rheumatic  patients  a  trillc  smaUcr 
in  the  blood.     Hofbaucr,  191 5,  concludes  that  it  appears  In  the  sputum  only 
certain  conditions. 


I>istributioii  in  Nonnal  and  Infected  Aniinals.—  Bondi  and  Jacoby,  i^"wun^ne 

concentration  of  the  salicyl  hifihcst  in  the  serum,  and  relatively  high  in  the  joints, 
apcaally  in  rabbits  infectu^i  with  staphylococcus;  so  that  infected  joints  would  appear 
to  have  a  higher  elective  affinity  for  salicylates.     However,  the  evidence  is  not  alto- 
gether convincing,  as  the  data  were  obtained  with  very  rough  methods  and  the  authors 
point  nut  that  the  appartntly  !ari»cr  quantity  might  be  due  simply  to  the  serous  effusion. 
Liberation  of  Salicylic  Acid  in  the  Tissues. — It  is  generally  assumed,  but  without 
convincing  proof,  tliat  tlie  salicyl  exists  in  the  blood  and  tissues  as  sodium  salicylate. 
Binz.  1S76  and   1S79,  showed  that  free  carbonic  acid,  if  in  sufficient  concentration, 
Bberates  salicylic  add.     The  CO3  tension  of  nonnal  blood  (about  6  per  cent.)  is  too  low 
for  this;  but  when  it  rises,  as  in  asphyxia,  free  salicylic  acid  can  be  demonstrated. 
Btnzlik,  igi6,  failed  to  confirm  this  liberation.     In  inflamed  tissues  the  COj  tension 
nuy  be  even  higher  locally,  to  17.5  per  cent.    Other  acids  are  also  produced  in  cells 
Uid  would  aid  the  liberation.     Since  free  salicylic  acid  is  more  active  than  its  salts,  at 
least  as  an  antiseptic,  its  liberation  couVd  explain  the  greater  efficiency  of  salicyl  trcat- 
nent  on  the  joints  than  on  the  cardiac  lesions  of  rheumatic  fever.     However,  Scott, 
Thobum  and  Hanzlik,  igi6,  failed  to  find  any  free  salicylic  acid  in  the  joint  6uids 
<tf  rheumatic  patients. 

Bond]  ana  Jacoby,  1QO5,  found  that  the  salicyl  is  precipitated  from  the  serum  with 
the  albumin  by  ammonium  sulphate,  and  they  believe  that  it  forms  labile  compounds 
with  scrum  albumin  and  pt>l>'pcptids.  More  Ukely,  however,  the  precipitation  is  simply 
u  adsorption  phenomenon. 

Time  of  Excretion  In  Different  Conditions. — This  varies  with  the  preparation,  the 
dose,  and  also  in  different  patients.  It  is  possible  that  these  differences  may  partly 
apliiin  the  variations  in  the  clEciency  and  toxicity  (Frascr,  1885). 

Nonnal  Time  of  Excretion. — Blanchier,  1^70,  investigated  this  on  sodium  salicylate, 
tdministcrcd  by  mouth.  It  appeared  in  the  urine  in  fifteen  to  eighteen  minutes;  with 
doses  of  1  to  2  Gra.  the  excretion  was  completed  in  twenty-two  hours;  with  4  to  5  Gm. 
in  forty-four  hours.  After  continued  administration,  the  excretion  persisted  from  three 
lo  right  days.  In  dogs,  the  excretion  was  relatively  slow;  in  hcrbivora,  somewhat 
(Quicker  than  in  man.  Khrmann,  1907,  found  the  excretion  in  man  completed  in  three 
U)  twelve  hours.  He  believes  that  the  excretion  is  hastened  by  alkalies,  Gaulier, 
'9t3i  reports  the  excretion  as  completed  in  eighteen  to  twenty-six  hours.  The  excre- 
tion WIS  not  influenced  by  giving  sodium  bicarbonate.  It  was  not  parallel  to  the  excre- 
tion of  methylcn  blue.  After  applicadon  of  a  salicyl  ointment  to  tlic  skin,  the  excretion 
lasted  two  days  (Schumacher,  igoo). 

The  elimination  after  intravenous  injection  has  been  studied  by  K.  Mandel,  igo8. 
Excretion  and  Fate  in  Rheumatic  Fever. — This  average  about  10  per  cent,  less 
than  in  normal  individuals;  tht  deficit  being  greatest  in  the  first  ten  to  twenty  hours 
of  administration.  It  is  not  due  to  retention,  or  to  differences  of  diuresis,  but  partly 
to  excretion  in  the  sweat,  and  chiefly  to  increased  destruction.  The  percentage  of 
sdicyl  in  the  blood  and  urine  at  this  time  is  Httlc  more  than  half  of  that  in  normal 

r   Subjects  (Scott,  Thobum  and  Hanzlik,  iqi6).     Ehrmann,  1007,  claimed  no  difference 
between  the  normal  and  rheumatic. 
Excretion  in  Other  Pathologictil  Cortdiliorts. — The  excretion  is  also  diminished  in 
ehroaic  alcoholism  and  morphinism;  tuberculosis;  and  diminished  renal  efficiency  (H.  A. 
Scott,  and  Thoburp,  1917). 
Purpus  and  Chelchowski  report  delayed  excretion  in  rcnaJ  and  circulatory  diseases. 
Time  of  Excretion  of  Salicyl  Esters. — The  excretion  of  Aspirin.  Novaspirin  and  .\spi- 
R)phen  is  about  as  rapid  as  that  of  sodium  salicylate,  beginning  in  one-half  hour  and 
faririK  completed  in  two  or  three  days;  Salol  and  Salipynn  are«excretcd  more  slowly 
(Block.  iQCx);  Pinczower,  igio). 
Quantity  of  Salicyl  Recovered. — This  was  investigated  for  sodium  salicylate  by  U. 
MoMo.  1890,  and  for  ethyl  salicylate  by  Bondzynski,  1807,     In  each  case  over  00  per 
'^'■ni    .,f  the  salicyl  was  recovered  from  the  urine.     However,  the  methods  give  high 
T'  MK.     More  recent  investigations  indicate  that  about  20  per  cent,  is  not  excreted,  but 
litiiroycd  ^Hanzlik). 

In  rheumatic  fever,  and  in  some  other  pathologic  condition*i,  the  destruction  is 
more  extensive  (j6  to  55  per  cent.;  R.  W.  ^cott,  Thobum  and  Hanzlik,  1917). 

Metabolism. — Salicylates  increase  the  elimination  of  nitrogen  (La- 
qucur,  Brtaenecke  and  Crampe,  1Q12),  especially  in  the  form  of  uric  acid; 
the  latter  is  followed  by  a  compensatory  decrease  (Kumagawa,  1898; 
Ulrici,  1901;  Schrciber  and  Zandy,  iSqq).  The  increase  of  uric  acid  is 
probably  due  partly  to  lessened  destruction,  but  the  uric  acid  concentra- 
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tion  in  the  blood  is  also  decreased,  in  the  same  way  as  with  atophan  (Denis, 

1915)- 

The  normal  non-protein  nitrogen  of  the  blood  is  not  lowered;  but  wh 
abnormally  high  it  may  be  decreased.  The  crealin  of  the  blood  is  n 
affected  (Denis,  1915).  Gaulier,  1913,  claims  that  the  chlorid  excretion 
is  diminished.  Phosphate  excretion  is  slightly  increased  (Denis  anH 
Means,  1916).  There  are  few  definite  data  on  the  respiratory  metabolism 
(review,  S.  Weber,  1904).  Denis  and  Means  found  uncertain  changes 
in"  the  basal  metabolism  in  man. 

The  gastric  secretion  is  somewhat  decreased  (Klocman,  1912);  but 
the  absorption  of  food  is  noi  materially  affected.  The  secretion  and 
flow  of  bile  are  somewhat  increased. 

Uric  Acid. — The  increa&ed  elimination  is  due  (as  with  atophaa)  to  increased  pei^ 
meability  of  the  kidnej-s  to  uric  add;  for  the  uric  acid  content  of  the  blood  fall* dur- 
ing salicyt  administration,  to  resume  its  original  level  when  the  salicyt  is  discontinud. 
In  man,  6  Gm.  of  sodium  salicylate  may  reduce  Llie  blood  uric  acid  to  one-half  or  one- 
third.  The  efficiency  may  be  greater  even  than  with  atophnn  (Fine  and  Chace.  igij; 
Frank  and  PictruUa,  1914;  Denis,  1915).  The  increase  of  urate  excretion  may  reicb 
.^o  per  cent.  (Denis  and  Means). 

By  less  direct  methods,  Hall,  1004,  and  Rockwood,  1909,  also  reached  the  condosion 
that  the  increased  excretion  of  uric  add  is  not  due  to  increased  production;  but  they 
could  not  exclude  diminished  destruction  of  uric  ixcid  as  a  factor.  Excised  orgws 
indeed  destroy  uric  acid  more  rapidly  in  the  presence  of  salicylic  add  (Stookey  and 
Morris,  tgo?).  Waucomunt,  iQii,  conduded  that  salicylates  decrease  the  urate  aod 
purin  excretion  in  experimental  gout. 

The  para-  and  meta-isomers  do  not  aficct  the  uric  add  excretion  (Denis,  iqts'* 

Postmortem  Autolysis  of  titc  Liver  is  increased  by  small,  and  decreased  by  large o>ii' 
centrations  (liqueur,  1912). 

Cholago^e  Action. — Salicylates  arc  among  the  few  drugs  which  cause  a  genuiM 
increase  of  the  secretion  of  bile  (Pfafi  and  Balch,  1897;  olceda.  iqis)-  Other  «»• 
matic  products  which  conjugate  with  sulphuric  acid  act  similarly  (Petrowa,  lOiJ'- 
Salicylates  have  been  used  in  obstructive  jaundice  and  biliary  colic,  but  it  is  doubtful 
whether  they  are  of  value. 

Diabetes  Mellitus. — Salicylates  have  been  credited  with  decreasing  the  output  0' 
sugar  anti  the  consumption  of  water  (Ebstein  and  Mueller,  1876;  von  Noorden,  i^i'lJ 
but  Uieir  efficiency  is  at  best  inconstant  (Kaufmann,  1903). 

Continued  Administration. — The  effects  of  continued  moderate  doses  arc  imporunt 
because  of  the  use  of  salicylate  as  food  preservative.  They  have  be«n  investiealwl 
by  Wiley,  igo6,  on  healthy  individuals.  The  drugs  were  administered  in  capsules  (" 
tablets  of  0.2  to  2  Gm.  per  day.  The  appetite,  digestion  and  utilisation  of  food  wasit 
first  increased.  This  effect  became  less  apparent  after  a  time,  but  the  food  oonsumpt»<w 
generally  remained  above  normal.  Notwithstanding  this  increased  intake,  there  vii 
XL  slight  loss  of  Ijody-wcighc  and  of  nitrogen.  The  excretion  of  phosphates  wasdimp* 
ished.     The  quantity  of  urine  was  not  affected;  there  was  some  tendency  to  albuminitfi*- 

Antip}rretic  Action. — Salicylates  lower  febrile  temperature  enerjjeuc- 
ally  and  promptly.  The  mechanism  is  probably  similar  to  that  of  act- 
tanilid,  ».e.,  increased  heal  dissipation  by  cutaneous  dilatation,  aided  by 
perspiration.  In  healthy  individuals  this  is  compensated  by  increased 
heat  production  so  that  the  normal  temperature  is  not  easily  affected. 
Salicylates  may  lake  the  place  of  other  antipyretics,  but  their  side  actiofi* 
are  more  disagreeable. 

Kidneys. — Salicylates  may  have  a  slight  and  inconstant  diuretic  effect 
(Blanchier,  1870).  Full  doses,  howTver,  decrease  the  output  of  urinfi 
partly  by  diaphoresis,  partly  by  water  retention.  This  is  accompanied 
by  evidences  of  renal  irritation  (slight  albumin  and  casts)  and  diininisbcd 
renal  permeal)ility  (phthalein  test  and  non-protein  nitrogen  of  blt)od)- 
Wilh  the  ordinary  doses,  these  changes  disappear  rapidly,  and  apparefl'lV 
without  permanent  damage,  on  discontinuing  the  administration  (Scott, 
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Thoburn  and  Hanzlik,  1916;  Luelhje,  1902;  Kncchi,  1904;  Quenslcdt, 
1905;  Ehrmann,  1907). 

The  albuminuria,  etc.  occurs  in  normal  individuals,  and  is  therefore  due  to  the  drug, 
not  to  the  rheumatic  fever  (Hanzlik,  ti  lU).  It  is  aUoprcduced  in  animals,  by  doMS 
corresponding  to  the  thcrapeuuc.  Their  kidneys  show  histologically  various  grades  of 
nephntis,  especially  cloudy  swelling  (Hanzlik  and  Karsner.  1917). 

Highly  toxic  doses  produce  anatomic  parenchymatous  lesions  (Vind, 

1905)' 

The  albuminuria,  edema,  cic.  arc  not  modified  by  the  administration  of  bicarbonate 
(Hanzlik,  ctal.,  Ehrmann,  1907]  contrary  to  the  earlier  claims  (E.  Frey,  x905;Glaesgens, 

IQI  l). 

SaJkyl  EdtfHQ. — Full  therapeutic  doses  of  salicyl  diminish  markedly  the  quantity 
of  urine,  with  an  almost  corresponding  increase  of  body  weight.  This  is  demonstrable 
about  20  hours  after  the  start  of  the  salicyl  administration  (about  So  hours).  There  is 
no  dilution  of  the  blood  hemoglobin,  so  that  the  iluid  must  be  mainly  in  the  tissues;  t.f., 
this  is  essentially  an  edcmic  condition,  although  the  edema  is  not  visible  (Hanzlik, 
Scott  and  Reycraft,  1917). 

Therapeutic  "Toxic"  Actions. — When  the  dosage  of  salicylates  is 
raised  to  the  full  therapeutic  effect,  there  occur  usually  a  series  of  side 
actions  resembling  cinchonism.  They  consist  in  nausea  and  vomiting, 
ringing  in  the  ears  and  deafness,  vertigo  and  headache,  mental  dulness 
and  confusion,  diaphoresis,  quickened  pulse  and  deepened  respiration; 
rarely  skin  eruptions,  albuminuria,  impaired  vision  (de  Schweinitz,  1895; 
Claiborne,  1906),  and  delirium,  the  latter  especially  in  alcoholic  patients. 
All  these  eflfects  are  usually  without  danger,  disappearing  promptly  when 
the  drug  is  discontinued.  Abortion  has  sometimes  occurred,  but  it  is 
doubtful  whether  this  was  due  to  the  drug  or  to  the  disease.  Mattos, 
1905,  claims  an  emmenagogue  action. 

The  nausea  and  vomiting  are  not  due  to  local  irritation,  except  if  free 
salicylic  acid  is  given.  The  salicylates  and  esters  are  not  especially  irri- 
tant; and  if  fractional  doses  are  given,  the  gastric  phenomena  set  in  only 
after  some  hours,  about  the  same  time  as  the  ear  and  other  systemic 
effects.  They  are  therefore  probably  central.  This  has  been  confirmed  by 
the  direct  method  of  Eggleslon  and  Hatcher,  1915.  To  guard  against  the 
liberation  of  salicylic  acid,  it  is  advisable  to  neutralize  the  gastric  acidity 
by  giving  one  to  two  grams  of  sodium  bicarbonate  with  the  salic>*late. 

The  ear  symptoms  are  perhaps  connected  with  congestion  of  the  audi- 
tory apparatus  (Kirchner,  1881;  but  Haike,  1904,  believes  these  lesions  to 
be  asphyxia!  artefacts).     The  brain  vessels  are  dilated  (Berezin,  1916). 

Toxic  Dose. — This  has  been  investigated  by  Hanzlik,  1913,  in  over 

500  administrations.    If  the  salicylates  are  adminbtered  in  repeated  doses 

'>f  about  I  jGm.,  one  or  two  hours  apart,  the  *' toxic''  effects  appear  usually 

when  the  total  dose  of  sodium  salicylate  attains  between  7  and  13  Gm., 

too  to  200  gr.;  the  mean  being  about  12  Gm.,  i8c  gr.     Women  require 

*t>out  four-fifths  of  this  dose.     There  are  no  differences  between  sixteen 

*n<i  seventy-five  years  of  age.     Children  have  a  relatively  high  tolerance, 

*•*- ,  the  toxic  dose  is  much  higher  than  would  be  calculated  from  their  age 

(A.rchambault,  1878).     The  dose  is  the  same  for  the  white  and  the  colored 

^ce.    It  is  not  affected  by  the  presence  or  nature  of  disease.    Occasion- 

^Uy  there  are  unexplained  idiosyncrasies  or  tolerance  (toxic  doses  as  low 

**  20  and  as  high  as  1,300  gr.).     These  are  usually  only  temporary.    The 

^*>xlc  dose  of  acetylsalicylic  acid  and  methyl  salicylate  is  about  two-thirds, 

"^at  of  salicyl-saiicylic  acid  (MacLachlan,  1913)  about  one-half  that  of 
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sodium  salicylate.     The  toxic  dose  and  effects  of  strontium  salicylate  arc 
the  same  as  for  the  sodium  salt  (Blankenhorn,  19:6). 

Dangerous  poisoning  by  sodium  salicylate  is  rare;  and  it  is  often  diffi- 
cult lo  judge  whether  the  effects  attributed  to  the  salicylate  were  no 
really  due  to  the  disease. 

The  symptoms  are  described  as  vomiting,  unconsciousness,  delirium,  d>'spnca  and 
deepened  respiralion  (Quincke,  1888),  (all  of  temperature,  arrhythmia,  albuminuria 
paresis,  collapse,  asphyxial  convulaons  (Peterson,  1877;  Weckerling,  1877;  Allaire,  1879 
Vinci,  1Q05).  Sicord  and  Meara.  1915,  attribute  a  case  of  sino-auricular  block,  witb 
standstill  of  the  entire  heart,  to  salicylate.  The  Jaial  dost  is  stated  as  5  to  \3  Gm.; 
but  must  be  very  variable,  even  severe  cases  ending  generally  in  recovery.  The  antep. 
Ln  Quincke's  case  showed  hyperemia  of  the  brain  and  its  membranes,  of  the  kidor; 
and  lungs,  and  pericardial  ccchymoses. 

Acidosis. — \'uipcke  called  attention  lo  the  resemblance  of  serious  salicylate  poiwD- 
ing  to  diabetic  coma.  Langmead.  1906,  and  Lees,  1Q08,  emphasize  this  resemblance  in 
children,  and  describe  the  occurrence  of  acetone  even  after  relatively  small  doses  of 
salicylates.  The  acetonuria  is  probably  often  due  to  the  associated  condidoos  of  the 
disease  rather  than  lo  the  salicylate;  but  it  is  advisable  to  follow  their  suggestion  t» 
administer  sodium  bicarbonate  for  prophylaxis  and  treatment  of  any  acidosis. 

Toxic  Effects  in  Animals. — These  are  similar  to  those  in  man.  The  respiration  is 
deepened  and  labored,  first  quickened,  then  slowed  to  final  asphyxia  with  convulsion*. 
The  blood  pressure  rises  at  first,  then  falls  severely;  the  pulse  is  inconstant.  The 
intracranial  vessels  are  constricted  (W'icchowski,  1Q02).  There  is  general  collapwinn 
sometimes  paralyses.  The  heart  stops  with  the  respiration.  The  autopsy  shovrt  the 
same  congestions  as  in  man  (Koehler,  1876;  Descille,  1870;  Blanchicr,  1879;  Quinrkt. 
1SS3).  The  toxicity  is  low,  the  fata]  dose  per  vein  for  dogs  being  about  1  Om.  per 
kilogram.  Methyl  and  ethyl  salicylates  intravenously  produce  pulmonary  cdeini 
by  injuring  the  capillary  walls. 

Therapeutic  Efifects  in  Rheumatic  Fever  and  Rheumatic  Tonsillitis.' 
The  proper  administration  of  salicylates  controls  the  manifestations  of 
this  disease  in  a  most  remarkable  manner  in  nearly  all  typical  cases— 
so  uniformly  that  failure  throws  suspicion  on  the  diagnosis:  the  pain  and 
fever  disappear;  the  local  inflammation,  the  immobility,  swelling  and  red- 
ness subside;  the  general  condition  of  the  patient  is  vastly  improved; 
and  the  disease  is  under  complete  control  in  one  to  at  most  five  da\*5. 
These  benefits  last  only  so  long  as  the  jjatient  is  kept  salicylated  and 
relapses  occur  when  this  is  discontinued.  According  to  statistics,  ihc 
total  duration  of  ihe  disease,  as  judged  by  the  stay  in  the  hospital,  is  not 
affected  (J.  L.  Miller.  1914). 

The  rheumatic  cardiac  lesions  are  not  relieved  directly  (Vulpian,  r88oj. 
Indirectly  the  salicylate  treatment  doubtless  has  an  important  tendency 
in  this  direction  by  favoring  rest  and  avoiding  the  extra  tax  of  fever,  pain 
and  insomnia. 

Efficiency  in  Related  Conditions. — Salicylates  are  much  less  certain 
in  atypical,  subacute,  chronic^  and  muscular  rheumatism,  lumbago,  etc., 
although  they  usually  have  some  analgesic  effect.  In  acute  gout  ibfv 
are  often  quite  effective  (Vulpian,  1880).  They  are  notably  inefficient 
in  scarlatinal  and  gonorrheal  arthritis  (G.  S^,  1877;  Stockinan,  1Q06)- 
They  are  also  used  in  headache,  neuralgias,  sciatica,  tabes  and  other  similar 
pains,  but  with  inconstant  results.  In  chorea  it  is  difBcult  to  prove  ^J 
benefits. 

Response  in  Different  Affections.— In  the  routine  statistics  of  Hazulilc..  1911;.  ia 
132  cases  of  rheumatic  fever,  salicylates  gave  complete  relief  in  82  per  cent,,  p»rtui' 
relief  in  16.5  per  cent.,  and  failed  in  only  1.5  per  cent.  In  subacute  rheomattsnt 
thirty  cases,  it  gave  complete  relief  in  53  per  cent.;  partial  in  30  per  cent.;  failures  ia  17 
per  cent.  In  sciatica,  eleven  cases,  it  did  not  give  complete  relief  in  any,  failed  oo** 
pletely  in  27  per  cent.,  and  afforded  partial  relief  in  73  per  cent. 
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Mechanism  of  Action. — This  has  been  attributed  to  the  general  anal- 
gesic effect;  and  to  a  specific  germicidal  action  on  ihc  hypothetic  organisms 
of  rheumatic  fever.  The  present  data  do  not  sui&ce  to  establish  either 
of  these  views. 

The  enormous  doses  which  are  required;  the  small  efficiency  of  other 
antipyretics  and  analgesics;  the  relative  inefficiency  of  the  salicylates  in 
other  forms  of  arthritis — all  these  facts  point  to  a  specific  action  on  the 
infecting  agent. 

Against  this  view  speak  the  prompt  recurrence  of  the  symptoms  if 
the  salicylate  is  discontinued  and  the  failure  to  prevent  the  cardiac 
infection.  In  rabbits,  the  prophylactic  use  of  salicyl  does  not  prevent  or 
even  influence  arthritis  from  intravenous  injection  of  rheumatic  hemolytic 
streptococci  (Miller^  1Q14;  Davis,  1915);  but  this  is  not  conclusive  since 
the  etiology  has  not  been  established,  and  the  administration  is  very 
diflterent.  The  analgesic  explanation  is  based  on  the  limited  efficiency  of 
salicylates  in  other  painful  conditions  (Labordc,  1877;  Vulpian,  i88o);» 
and  on  the  effect  of  other  analgesics  in  rheumatic  fever. 

Hanzlik  et  al.,  1918,  found  that  combination  of  other  analgesics  (for 
instance,  morphin)  and  antipyretics  (for  instance,  quinin)  also  relieve  the 
symptoms  of  acute  rheumatic  fever  promptly  and  effectively,  and  some- 
limes  permanently.     Quantitatively,  however,  salicylates  are  superior. 

Administration. — For  iniemal  use,  the  free  salicylic  acid  is  loo  irritant. 
The  sodium  salicylate  is  the  most  commonly  used,  notwithstanding  its 
mawkish,  nauseant  taste.  Thb  may  be  partly  disgubed  by  giving  the 
salt  in  carbonated  water,  or  flavoring  with  peppermint  or  wintergreen 
water.  The  direct  gastric  irritation  is  avoided  by  adding  an  equal  or 
double  quantity  of  sodium  bicarbonate. 

To  be  effective  in  acute  rheumatism,  large  doses  must  be  administered: 
I  10  1.3  Gm,  (15  to  20  gr.)  should  be  given  every  hour  until  ''toxic" 
symptoms  (tinnitus,  nausea,  etc.)  set  in.  The  administration  should  then 
be  stopi>ed  for  twelve  hours.  After  this,  i  Gm.  (15  gr.)  should  be  given 
cver>'  four  hours  for  several  weeks,  keeping  the  patient  in  bed  as  long  as 
possible.  If  the  sodium  salicylate  is  not  tolerated,  oil  of  gauUheria  or 
aspirin  may  be  substituted.  Oil  of  gaultheria  also  gives  some  relief  when 
applied  externally  to  the  affected  joints. 

Hypodermic  injections  arc  used  by  Scibcrl,  191 1,  lo  c.c.  of  ao  per  cent,  sodium 
salicylate  per  100  pounds  of  body-weight,  every  twelve  hours;  to  avoid  pain,  cocain 
may  be  injected  before.  R.  T  Williams.  1913,  uses  it  intramusculariy,  8  per  cent, 
with  but  little  pain.  Considering  the  prompt  absorption,  these  special  methods  are 
superfluous. 

Rectal  Administration. — This  is  preferred  by  Heyn,  1914,  as  being  more  prompt  and 
less  disagreeable.  He  gives  a  cleansing  soap-sud  enema.  When  it  has  taken  effect, 
it  is  followed  by  the  salicylate  through  a  rectal  tube,  inserted  6  to  S  inches.  The  first 
dose  is  of  8  Co  11  Gm.  for  men,  6  Gm.  for  women,  in  150  c.c.  of  water  or  thin  starch, 
with  I  c.c.  of  Tr.  Opii.  It  may  be  repeated  in  twelve  hours,  but  usually  one  enema  per 
day  suffices.     Salicyl  appears  in  the  urine  within  fifteen  to  thirty  minutes. 

In  very  severe  cases,  the  irUravenous  injection  of  sodium  salicylate  may  be  justified 
(Mendel,  1905,  1908).  Conner,  io«4i  uses  it,  with  a  small  needle  to  avoid  thrombosis, 
in  doses  of  i  to  2  Gm.,  every  eight  to  twelve  hours.  Ccrnadas.  1915.  advises  a  solution 
containing  30  per  cent,  of  sodium  salicylate  and  i  per  cent.  cafTein;  injecting  thisdaily, 
at  first  6  c.c.  increasing  to  10  c.c.  The  relief  is  more  prompt,  and  no  bad  ejects  have 
been  reported;  but  it  would  not  be  justifiable  as  a  routine  measure. 

**Natural"  and  Synthetic  Salicylates. — Tt  is  often  stated  that  the  syn- 
thetic sodium  salicylate,  owing  to  the  presence  of  supposed  impurities, 
i&  more  toxic  and  less  efficient  than  that  prepared  from  oil  of  wintergreen 
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or  birch.     The  evidence  for  this  view,  which  has  been  fostered  mainly 
interested  manufacturers,  can  not  stand  critical  examination.     There  n< 
be  no  hesitation  in  employing  the  much  more  economical  synthetic  pr< 
uct  (Rep.  Counc.  Pharm.  Chem.,  1913;  J.A.M.A.,  61  :g7g)- 

The  literature  of  the  subject  and  its  uncritical  status  have  been  fully  discussed 
Eggleston,  1912.  Various  impurities  have  been  announced  in  synthetic  salicyUt 
especially  crcsotic  acids,  phenol,  para-hydroxybenzoic  acid,  and  hydroxy- isophlhi 
Bad;  but  the  evidence  for  their  presence  is  not  convincing.     However  ihis  ' 

Hilpert,  1913,  showed  that  at  the  present  time  even  the  cheapest  commercial 
are    quite  as  pure  as  the  most  expensive.     Waddcll,  iqii,  proved  that  the  ci 
natural  and  synthetic  salicylates  on  animals  are  quantitatively  alike;  and  the 
tive  cHoical  tests,  instituted  by  tlie  Counc.  Pharm.  and  Chem.,  arranged  so  as  to  e»cluc 
all  bias,  showed  that  their  effects  on  patients  are  indistinguishable  (Hewlett,  igt^U 
In  practice,  it  is  almost  impossible  to  be  certain  of  their  source,  since  the  oils  of  wintei 
green  or  birch  are  very  often  adulterated.  bcRinning  at  the  still. 

Relation  of  Constitution  to  Specific  Anti-rheumatic  Action. ^Phenol,  CJIi-OIL 
is  quite  inactive.  Benzoic  acid,  CflH:,-C02U,  has  a  limited  efficiency.  The  OH  ana 
COiH  groups  are  both  necessary,  and  must  be  in  the  ortho  position  to  obtain  the  full 
efficiency.  Derivatives  which  can  be  converted  into  salicylic  add  in  the  organism  are 
effective,  in  proportion  to  the  ease  of  their  conversion;  but  if  the  H  of  either  group  is 
firmly  combined  (as  in  methyl  salicylicacid,  CflH4COiHOCH:,  and  in  fialicyluricaad), 
they  are  inactive.  The  introduction  of  additional  groups  into  the  benzol  nucleus,  m 
in  the  cresotinic  acids,  does  not  disturb  the  action  (May,  1909;  Stockman,  1913)- 

Cresotinic  Acids. — These  were  at  one  time  blamed  for  the  reputed  higher  toxicity  of 
synthetic  salicylates.  In  fact,  however,  they  act  very  similarly  and  have  about  the 
same  toxicity  as  salicylic  acid  (R.  May,  iqoq;  Stockman,  1890,  1Q09  and  1912;  WaddcH, 
191 1 ).  They  have  a  similar  specific  effect  in  rheumatic  fever,  although  they  arc  some- 
what inferior.  They  have  even  been  used  therapeutically  in  doses  up  to  S  Cm.  (BoBi 
1876;  Gatti.  1S79;  Demme,  1888}.  The  resemblance  is  explained  by  their  chcmiat 
structure,  C*H,  OH-COjH  CHj;  with  the  OH  and  COaH  in  ortho  position. 

Isomers  of  Salicylic  Acid. — Meta-  and  para-hydroxybenzoic  acids,  which  differ  from 
salicyhc  acid  only  in  the  position  of  the  side-chains,  are  practically  inactive  and  doo- 
toxic.  The  efficiency  therefore  depends  on  the  adjacent  position  of  the  OH  and  CO:H 
groups.  The  cause  of  this  has  not  been  explained.  .Another  difference  is,  that  Ukk 
isomers  are  excreted  in  combination  with  sulphuric  acid  instead  of  glycocoU. 

P-hj-droxy benzoic  acid,  when  given  to  monkeys,  docs  not  pair  with  glycocoll 
(Sherwm,  1918). 

PREP.\RATIONS — SALICYXATES 

'Acidum  SaHcyiuum  (Acid.  Salicyl).,  U.S.P.,  B.P.;  Salicylic  Acid  (Ortho-hvdroiy- 
benzoic  acid),  C»HrOH  COOK.  Prepared  synthetically  from  phenol;  or  bysaDofli- 
fication  of  methyl  salicylate  (oil  of  birch).  White,  light  crystalUne  powder  or  neAk^ 
odorless  or  with  faint  odor  of  wintergrecn,  of  sweetish,  then  acrid  taste.  Slightly  »' 
in  water  (1:460);  freely  sol.  in  ale.  (1:2,7)  or  cth.  DosCf  0,75  Gm.,  u  gr.,  VS.V. 
0.3  to  1.2  Gm.,  5  to  20  gr.,  B.P. 

Ung.  Acid.  Saikyl.,  B.P. — 2  per  cent,  in  Paraffin  Ointment. 

Ammon.  Salicyl.,  U.S.P.,  NH4C7HfcO,.— Resembles  Sod.  Salicyl.  Fredy  sol.  in 
water  (1:1)  or  ale.  (1:3).     Dose,  0.5  Gm.,  8  gr.,  U.S.P. 

*Sodii  Salicylas  (Sod.  Salicyl.),  U.S  P..  B.P.;  Sodium  SaUcylate,  NaCiHiOi.— Wkilf 
amorphous  or  crystalUne  powder  or  scales,  or  not  more  than  faint  pink  tlugc,  odoHe^ 
or  disagreeably  sweet  saline  taste.  Very  sol.  in  water  (i  10.9),  freely  sol.  in  ale.  (i:»^')- 
Infompalible  with  acids,  iron  salts,  iodids.  spirit  of  nitrous  ether  and  quinin.  /W. 
X  Gm..  15  gr.,  U.S.P.:  0.6  to  2  Gm.,  10  to  30  gr.,  B.P. 

Stront.  Salicyl,,  U.S.P.,  Sr(C7H»05),  +  aHiO.— Resembles  Sod.  Salicyl.  SoL  h 
water  (1: 19)  or  ale  (1:61).     Dose^  x  Gm.,  15  gr.,  U.S.P. 

SALICYL  DERIVATIVES 

To  avoid  the  disagreeable  taste  and  gastric  symptoms  of  salicylates* 
esters  and  similar  compounds  have  been  introduced,  which  are  more  or 
less  insoluble,  and  in  which  the  salicyl  radical  is  bound  so  as  to  be  liberated 
only  in  the  intestine  or  after  absorption.  These  compounds  have  lill^ 
or  no  direct  action  on  the  stomach,  but  they  do  not  avoid  the  nausea  an^ 
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vomiting  (flanzlik,  1913;  MacLachlan,  1913),  since  these  are  probably 
central.  In  this  respect  they  are  therefore  not  superior  to  sodium  salicy- 
late, which  also  does  not  produce  direct  gastric  irritation^  if  properly 
guarded  by  bicarbonate.  The  taste  is  materially  improved,  but  this  ad- 
vantage scarcely  balances  their  high  cost.  The  alkyl  esters  (methyl 
salicylate)  are  more  efficiently  absorbed  from  the  skin  and  are  therefore 
belter  for  external  use.  The  acyl  derivatives  (acetyl  salicylic  acid) 
possess  a  higher  analgesic  and  antipyretic  action  and  have  therefore  a 
special  field.  The  salols  contain  active  phenols  which  adapt  them  to  intes- 
tinal antisepsis.     These  compounds  may  be  arranged  under  three  types: 

1.  Replacement  of  the  H  of  the  Hydrozyt  by  Acyl  RAdicals. — To  thU  type  belong: 
Acetyl  salicylic  acid  (aspirin),  C*Hi(>(C()CH.v*  COOH,'  and  the  correspondinR  com- 
pounds of  salicylic  acid  with  methylene-citric  acid  (yova-ifiirin);  with  salicylic  acid 
[DiplosaJ):  and  with  succinic  acid  {Diasf>irin). 

2.  Replacement  of  the  H  of  the  Carbozyl  by  Alkyl  Radicals. — Mcttiyl  salicylate. 
C«H4-OHC03(CHi),  and  the  corresponding  salicyl  esters  of  ethyl  {Sat  EtkyO',  of 
methoxymcthyl  (mesotan);  and  of  monoglycol  (spiroial). 

3.  Replacement  of  the  H  of  the  Carboxyl  by  Phenyl  Radicals. — Phenyl  salicylate 
isaloi)^  CftHiOn  COj((CftHj\  and  the  corresponding  salicyl  esters  of  naphthol  fbdol); 
of  guoiacol;  and  of  acctparamidophenol  (sahplien). 

To  these  may  be  added  salicin,  from  which  salicylic  acid  is  formed  in  the  organism. 
Only  a  few  of  these  derivatives  need  be  considered  in  any  detail;  the  others  which 
are  acceptable  arc  Hc-^crilx-d  in  N  N.R- 

Percentage  of  Salicyl  in  Various  Derivatives.— 

«    Parts  of  sod.  salicylate: 
100 
106 
89 


100  parts  of: 

Sod.  salicylate 

Methyl        

Acetyl  salicyl.  add 
Salicyl      " 


Parts  of  salicylic  acid; 

as  6 

90.7 

770 


106.1 


124 


PREPARATIONS — SAUCIN 

Saluinum  (Salicin.),  U.S. P.,  B.P.,  CuHkO:- — Colorless,  silky,  shining,  crystalline 
needles  or  a  white,  crystalline  powder;  odorless,  and  having  a  very  bitter  taste.  Sol. 
in  water  (1:23.5)  or  'dc.  (1:88.5).  Dose,  i  Gm.,  15  gr.,  U.S. P.;  0.3  to  1.3  Gm.;  5  to  20 
gr.,  6. P.,  in  solution  or  wafers. 

Salicin  occurs  in  willow  bark,  which  was  used  as  antipyretic  in  antiquity.  It  also 
occurs  in  poplar  bark.  It  was  introduced  against  rheumatic  fever  by  Maclagan.  1S76, 
on  the  basis  of  the  fancied  resemblance  to  malaria.  It  is  inferior  to  the  salicylates,  be- 
cause its  conversion  is  often  incomplete.  Salicin  is  n  glucosid,  NieMinfi  on  hydrolysis 
ioiigenin,  CiHi(OH)CH50H;  this  in  turn  is  oxidized  to  salicylic  acid  (Ncncki,  1H70), 
but  a  part  is  excreted  unchanged.  Salicin  yields  45  per  cent,  of  salicylic  acid,  and  is 
tiscrefore  at  most  half  as  effective. 

ACETYLSALICYLIC  ACID  (ASPmiW) 

This  was  introduced  by  Dreser,  1S99.  It  was  supposed  that  it  would 
pass  unchanged  through  the  stomach,  thus  avoiding  gastric  irritation; 
and  that  the  salicylic  acid  would  be  liberated  in  the  intestine.  In  fact, 
however^  it  produces  some  gastric  irritation  (Roch)  and  the  intestinal 
•iecomfwsition  is  slow  and  incomplete,  a  part  being  absorbed  unchanged; 
^ui  the  salicylic  acid  is  completely  liberated  before  excretion  (Bondi  and 
^atz,  1911).  Acetyl  salicylic  acid  is  about  one  and  one-half  times  as 
loxic  as  sodium  salicylate  in  man  (Hanzlik,  1913);  about  twice  as  toxic 

*■  Kr&nnichJddt.  I0t4<  coosiders  the  corrvct  forroaU  of  BcvtoMlicyHc  scid  ««: 


r\ 


OH 


CjHiOI       JcOiH 
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in  animals  (Chistoni  and  Lapresa),     In  man  even  small  doses  (0.3  to  "a 
Gm.,  5  to   10  gr.)  occasionally  produce  alarming  symptoms,   especiall] 
acute  local  or  general  edema  of  the  skin  and  mucous  membranes,  urticaria^] 
erythema,  pruritus,  etc.  (Graham,  Morgan,  Gilbert,  1911;  Krause,  igMjl 
literature  of  side  actions,  Scifcrt,  Nebcnwirk,  igi5,  p.   12).    The  effecttj 
of  poisonous  doses  in  animals  are  similar  to  other  salicylates  (Block,  iqoq). 
These  side  eflfecls  make  this  drug  inferior  to  sodium  salicylate  in  rheu- 
matic fever.     It  has,  however,  stronger  analgesic  and  antipyretic  actions, 
even   in   non-rheumatic  affections,  perhaps  because  the   undecomposcd 
acetyl  compound  enters  the  ner\'e  cells  more  readily.     It  is  used  exten- 
sively in  colds,  influenza  and  other  fevers;  and  in  neuralgias,  headaches, 
tabes,  and  other  pains,  in  tablets  or  capsules  of  0.3  Cm.,  5  ST- 

Antip\Teti(  Efect. — Yamatoto,  1919,  finds  acciyl-salydc  acid  more  cffidcnl thin 
simple  saiicytatc. 

DifcTcnces  in  lieaJtk  and  Fever. — The  heat -regulation  apparently  is  affected  quite 
differently.  With  normal  men.  at  absolute  muscular  rest,  i  gram  docs  not  lower  tbe 
temp<:rature,  but  increases  the  beat  production  (CO3  excretion),  with  the  heat  dioipi)- 
tion  practically  unaffected. 

With  febrile  patients,  even  with  very  mild  fever  or  when  the  temperature  is  raerdy 
unstable,  the  same  dosage  lowers  the  temperature  to  0.8"  C.  below  normal;  and  prodocrs 
a  great  increase  (j8  per  cent.)  of  heat  dissipation,  and  a  slight  decrease  of  heat-pm- 
duction.  When  the  effect  passes  off,  there  is  a  compensatory  decrease  of  heal  <uaii- 
pation  to  half  the  normal  level  (Barbour). 

Citronic  Poisoning. — Symptoms  of  conjunctival  CAlarrh  and  urticaria  have  occnned 
after  six  years  of  the  continued  use  of  30  grains  daily  (SticU,  1917). 

PREPARyVTIONS — ACETYLS  A  UCYLIC   ACID 

*Acidum  Acfiylsalicyiicum  (Acid,  .\cctyl5al.).  B.P.,  N.N.R.;  .\spirin;  C«H|0- 
(CHjCOICOOH. — White,  cr>'5tallinc,  odorless  powder  of  sour  Ustc.  Slightly  wl- 
in  water  (i;ioo),  freely  sol.  in  ale.  (1:5).  Incompatible  with  moisture  and  alktlia* 
Dosf,  o-i  to  r  Gm.,  s  to  15  gr.,  B.P.,  in  powder,  tablets  or  capsules.  Maiimumd*vfp 
I  Gm.,  15  gr.  It  forms  soluDle  salts  with  calcium  (Berckc,  i9i2;Lcwin,  igii)  andwitk 
hexamelhylcnamin  (Puckner,  X913);  but  these  are  unstable. 

Practically  all  American  brands  are  of  the  pharmacopcial  standard  (Leech,  1918). 

Diplosal,  N.X.R.,  is  tasteless  and  >'ields  one-half  more  salicylic  add  than  aspiiia 
and  one-fourth  more  than  sodium  salicylate — a  matter  which  is  easily  compcnsalwhT 
the  dose.  Its  toxicity  tn  man  is  twice  that  of  sodium  salicylate  (MacLachlan,  iqi})* 
It  is  very  resistant  to  gastric  juice,  but  is  rapidly  saponified  by  the  duodenal  secretwo 
(Tocco,  1912). 

iVovaspirtH,  N.I^.R.  is  but  slowly  absorbed,  and  therefore,  is  said  to  be  less  powcffal 
than  aspirin,  and  less  liable  to  produce  uncleasant  side  effects  (Koemer,  xqio).  pcrhips 
because  it  has  not  been  used  as  extensively-  The  literature  of  its'sidc  actions  ufivcii 
by  Scifcrt,  Nebcnwirk..  1915,  p.  25. 

METHYL  SALICYLATE 

This  acts  somewhat  more  slowly,  but  otherwise  as  efficiently  as  sodium 
salicykte;  the  "  toxic"  dose  being  about  two-thirds  of  that  of  the  sodintt 
salt.  It  is  for  the  most  part  saponified  in  the  intestine,  but  some  nmy 
be  absorbed  unchanged  (Baas).  It  avoids  the  disagreeable  taste,  but  i^ 
more  irritant  to  the  stomach.  The  synthetic  ester  is  said  to  cause  I<s* 
irritation  than  the  natural  oils.  It  may  be  given  internally  in  eitctn- 
poraneous  capsules,  in  the  same  way  as  sodium  salicylate;  or  cjttcrnallvv 
generally  diluted  with  i  or  2  parts  of  olive  oil  and  painted  over  the  affrct^ 
region.  This  is  sometimes  more  effective  than  the  internal  use,  especial!/ 
in  muscular  rheumatism.  Fatal  poisoning  by  methyl  salicylate  is  m^ 
but  has  been  reported  (Nerthney,  190.?),  especially  from  its  use  as  abort*- 
facient.  An  ounce  is  usually  fatal,  with  convulsions,  coma,  gastritis  aiK^ 
congestion  of  the  kidneys  (Pinkham,  1S87). 
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Roscnbloom  and  Johnston,  191Q,  report  severe  potsoning,  after  one  ounce,  but  with 
limate  recovery.  There  was  immediate  eraesis;  later,  severe  salicylism  and  albumi- 
jria,  both  pcr«stinp  about  a  week.  They  cite  the  bibliography. 
»  Ediyl  salicylate  is  less  irritant  and  half  as  toxic  (Houghton,  1Q05J.  SpiroBAl  is 
pd  e.vtemalty  being  non-irritant  and  easily  absorbed  (Irapens,  1907;  literature, 
[fert.  N'c'beruvirk.,  igi5,  p.  32). 

Mesotan  was  introduced  by  Floret,  1902.     It  is  decomposed  by  water  into  salicylic 
Id,  formaldebyd  and  methyl  alcohol.     It  is  used  externally,  but  has  caused  dermatitis. 

PREPARATIONS — METHYL  SAUCYLATE 

•Meihyl  SalUyUs   (Methyl.   SalicyL).    U.S.P..    B,P.;   OUufn   Bctaia   (Ol.    Betul,), 

S.P.;  Qieum  Gauhkeria  (Ol.  C.aulth.),  U.S. P.,  B.P.;  Methyl  Salicylate;  Oil  of  Sweet 

tircb;   Oil   of    Gaultheria    (Wintergrcen),    CHiOHiOj. — Produced   synthetically   or 

btained  by  distillation  from  GauHheria  procumbens  or  from  Hetula  I.cnta.     .\  color- 

SH,  yellowish  or  reddish  liquid;  characteristic  odor  and  taste  of  gaultheria.     It  is 

iogly  sol.  in  water;  sol.  in  all  proportions  in  aic.     Dose,  0.7^  c.c,  12  minims,  U.S.P. ; 

to  I  cc,  5  to  15  minims,  B-P.     Maximum  dose^  2  c.c,  30  minims. 

PHEWYt  SALICYLATE 

Salol  was  introduced  by  Nencki,   1886.     Being  insoluble,  it  passes 

stomach  practically  unchanged;  but  is  gradually  decomposed  into  its 

ponents,  40  per  cent,  of  phenol  and  60  per  cent,  of  salicylic  acid,  in 

intestine,  by  the  saponifying  action  of  the  alkali^  pancreatic  lipase 

putrefactive  bacteria.     This  avoids  the  taste  of  the  components  and 

the  local  gastric  action;  and  since  the  decomposition  is  gradual,  the  local 

Intestinal  action  is  less  violent  but  more  prolonged,  and  the  toxicity  is 

Diaterially  lessened.     This  "  Nencki's  salol  principle"  has  been  extensively 

>plied  in  the  form  of  other  phenolic  esters^/i.,  guaiacol  carbonate,  to 

tigate  the  taste,  local  actions  and  toxicity  of  other  active  phenols  or 

ids. 

Therapeutic  Uses. — Salol  proper  lias  not  fulfilled  the  original  expec- 
Uions.  The  toxicity  of  the  phenol  limits  the  dosage,  and  its  absorption 
so  slow  that  it  is  practically  inferior  lo  the  other  salicyl  compounds 
rheumatism  or  as  urinary  antiseptic  (Sollmann,  1908).  The  phenol 
Wnponent  was  thought  to  be  valuable  as  intestinal  antiseptic,  especially 
infantile  diarrhea;  but  the  decomposition  is  so  slow  and  the  absorj)tion 
the  phenol  so  rapid  that  effective  quantities  could  scarcely  come  into 
ttion.  The  clinical  and  experimental  evidence  is  not  conclusive  (Harris, 
12).  As  a  wound  antiseptic  it  would  be  valueless  because  it  is  not 
composed  by  wound  secretions  and  only  very  slowly  by  bacteria.  Its 
e  in  tooth  powders  has  caused  eczema  of  the  lips  (Hugenschmidt, 
P7).  Perhaps  its  main  value  is  as  a  coating  for  "enteric  pills,"  i.e., 
U  masses  which  are  intended  to  pass  the  slomach  unchanged  (/.i., 
c  in  dysenter}')-  It  must  be  remembered  that  a  coating  sufficiently 
•vy  lo  be  effective  introduces  large  doses  of  salol. 

Decomposition  and  Antiseptic  Action. — Salol  is  also  decomposed  to  a  slight  extent 
the  mouth  and  stomach  by  bacteria  (I^sniJc,  1887).     It  is  split  by  human  milk,  so 
It  iu  administration  to  nursing  infants  may  cause  gastric  irritation  (Uscncr,  1912). 
uponification  by  pancreatic  fennents  and  alkalies  is  very  slow  and  incomplete, 
Dffiden^  lo  prevent  putrefaction  even  in  test-tube  experiments;  it  is  inferior  to 
''um  salicylate  or  bismuth  subnitratc  (Sollmann,  1908).     It^  antiseptic  action  en  the 
is  also  slight.     A  part  escapes  decomposition  in  the  intestines  and  passes  un- 
Uiged  into  the  feces — s  to  8  per  cent,  in  tlic  experiments  of  Bondzynski  and  Hum- 
fci  tQoo;  but  doubtless  often  much  more.    If  given  in  capsules,  it  may  be  found  in 
ie  feces  as  cr\'Stals.  "salol  fakuli"  fBrossard,   1897),  formed  by  the  partial  fusion 
"  rccrystallixatioQ  of  the  salol   (C.   R.   Marshall,   1.S07).     It   should  therefore  be 
istered  subdivided  as  emulsion  or  with  indifferent  powders. 
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PREPARATIONS — SALOL 

•Phtnylis  Salkyias  (Phenyl.   Sal.),   U.S.P.;   SaJol,   B.P.,   C«H4(OH)COOC»Hk.- 
White  crystalline  powder^  of  faint  aromatic  odor  and  taste.     Very  slightly  sol.  io  vil 
(1:6,670);  freely  sol.  in  ale.  (1:6);  vco'  *ol-  »"  fixed  or  volatile  oils.     Dose,  0.3  Chl,] 
5  gr.,  U.S. P.;  0.5  to  1.2  Gm.,  5  to  20  gr.,  B.P.,  in  powders,  generally  with  bisrou(b«j 
KxternaJly,  as  5  per  cent  ointment.     Maximum  dose,  2  Gm.,  30  gr. 

PHEPTSfL-QUINOLIN-CARBOXYLIC  OR  PHENYL-CINCHONIinC  ACID 
tCINCHOPHEN;  ATOPHAJN; 

The  formula  of  this  substance  (CsHsNCeH&CiDOH.  2:4)  shows  its 
relation  to  quinolin  and  salicylic  acid.  It  has  the  antipyretic  actions  d 
quiiiolin,  and  like  salicylic  acid  it  is  analgesic,  antirheumatic,  and  in- 
creases the  excretion  of  uric  acid.  It  was  prepared  by  Doebner  am' 
Giesecke,  1887;  and  introduced  by  Nicolaier  and  Dohrn,  ii>o8,  for  the 
treatment  of  gout. 

Effect  on  Uric  Acid  Eliminatioa. — The  excretion  of  uric  acid  is  greatly 
increased,  sometimes  more  than  doubled  by  therapeutic  doses,  even  on 
a  purin-frce  diet.  The  increased  excretion  begins  within  an  hour  (maxi- 
mum in  three  hours)  and  lasts  only  so  long  as  the  drug  is  continued;  aoil 
b  followed  by  a  compensatory  decrease  (Haskins,  TQ13).  With  continued 
administration,  the  uric  acid  returns  to  normal  after  one  or  two  days, 
unless  the  diet  contains  purins.  The  mechanism  of  this  action  is  prob- 
ably renal.  The  increase  of  uric  acid  is  often  so  great  tJiat  it  precipitates 
in  the  urine  before  it  is  passed.  Indeed,  cinchophen  apparently  interfere*' 
with  the  urate-solvent  action  of  the  urine  (Haskins,  1916).  The  urine 
is  of  a  dark  color,  due  to  urochrom  (Skorczewski,  1912). 

In   other  respects,   its   composition   and   quantity  are   not   notablj 
changed.     The  leucocytes  of  the  blood  are  also  unaltered.     The  uric 
of  the  blood  is  diminished  by  the  increased  excretion  (Folin  and  Lymani 
1913;  McLester,  1913),  but  soon  reaches  an  irreducible  minimum;  tb« 
being  no  further  lowering  even  if  the  administration  Ls  continued  I'oriy- 
five  days.     When  the  administration  is  stopped,  the  initial  concentratit^ii' 
is  restored  within  two  to  four  days  (Fine  and  Chace,  1Q14;  Frank  and 
Pietrulla,  1914).     The  effects  on  the  blood  were  also  studied  by  Hase. 
1914. 

Other  Changes  in  the  Urine. — Skorczewski  and  Sohn.  1Q12.  found  an  iocrcay 
purin  bases  and  of  neutral  sulphur  (parallel  to  the  urochrom;  Skorczc^v-ski,  igiJ^J 
retention  of  chlorids  and  the  diazo-reaction.     Fromherz,  iQii,  did  not  find  the 
acid  increased  in  dogs;  but  Starkenstein,  iqii,  reports  increase  in  rabbits  and 
with  diminished  iillantoin.     Schittcnhelm  and  UUmann,   191J,  found  no  increa« 
ollantoin.  but  higher  lolal  N  cxerelion  in  dogs.     Bibcrfcid,  191 3,  found  no  increase  ir 

fmrin  bases,  but  Increase  of  phosphates  in  dogs.     McLester,  1913,  finds  an  incrt».«[_ 
n  the  quantity  of  urine  and  of  total  nitrogen.     li^isner,  1915.  reports  the  ctcrrtioD 
chlorid  and  total  nitrogen  as  often  diminished.     Renal-function  tests  gave  incon^tist 
results. 

The  crcatin  content  of  the  blood  is  not  decreased  (Dcois,  1915).     In  birds, 
uric  acid  is  decreased.    The  atophan  itself  is  oxidized  in  the  benzol  nucleus  (nohn. 
191 3). 

Allantoin  Exo'etron. — The  effects  of  a  variety  of  drugs  were  studied  by  P'>*'' 
Mechanism  of  Action. — This  has  been  attributed  to  increased  dcstructi"' 
proteins  (.Starkenstein.   1911;  .Schiltenhelm  and  Ullraann;  Retjdaff,  1913);  r 
elimioadve  activity  of  the  kidneys  for  uric  acid  (Wcintraud;  Bauch,  191 1;  Kuliu  *^ 
Lyman,   1013;   Fine  and  Chace,  1914);  to  con^'c^sion  of  adsorbed  into  filtrablr 
acid  (Frank  and  Pietrulla,  1914);  to  an  intestinal  action  ( Abl);  and  to  increased  ' 
to'on  of  uric  arid  by  lessened  oxidation  of  its  purin  and  nuclein  prec\jrsors;  peril 
the  result  of  its  more  rapid  elimination  (Dohrn;  Frank  and  Prozedborski;  Skorc 
191a).    The  curve  of  excretion — temporary  increase  followed  by  compensatory 


crease — ana  ue  lowenng  of  the  uric  add  concentraiion  of  the  blood  indicate  increased 
elimination  of  uric  acid  already  present  in  the  body.  Weintraud,  and  Frank  and  Pie- 
tTuUa,  I9r4,  find  that  uric  acid  injected  into  the  blood  is  excreted  more  rapidly.  The 
urate  excretion  is  not  increase<i  by  cinchophcn  in  kidney  disease  (Kinc  and  Cnacc,  1915). 
The  absence  of  increased  phosphate  elimination  speaks  against  destruction  of  nudeo- 
proteins.  The  decrease  of  atlantoin  indicates  diminished  destruction  of  uric  add  in 
tnimals.  but  this  might  be  different  in  man.  In  surviving  organs,  dnchophen  does  not 
lessen  the  destruction  of  uric  acid  (Starkenstein). 

Other  Actions. — Large  doses  produce  convulsions,  paralysis  and  coma.  Intravenous 
injection,  in  rabbits,  is  followcn  by  stimulation  of  the  vagus  and  vasomotor  centers; 
these,  as  also  the  respiratory  center,  are  finally  depressed.  The  pupils  are  constricted, 
even  after  atropin.  Cinchophen  also  prevents  asphyxial  and  puncture  glycosuria,  and 
diminishes  mustard  diemosis.  It  lowers  temperature,  even  in  normal  rabbits.  These 
actions  resemble  calcium  (IStarkenstein  and  Wiechowski,  1Q14). 

Cinchophen  inhibits  completely  the  emigration  of  Uurocylcs  in  the  inflamed  frog's 
eatery,  and  exhibits  in  this  respect  a  potentiated  synergism  with  quinin  (Ikeda,  1916). 

I 

Therapeutic  Uses. — The  mobilization  of  uric  aad  was  supposed  to  be 
useful  in  gout  by  removing  it  from  the  blood  and  by  dissolving  the  tophi. 
The  uric  add  and  the  non-protein  nitrogen  of  the  blood  are  in  fact  lowered 
by  it  (Folin  and  Lyman,  1913).  Zuelzer,  xgii,  states  that  the  increase 
of  urate  excretion  in  gout  is  more  marked  and  prolonged  than  in  health. 
Fculgen,  191  J,  claims  that  the  tophi  are  actually  decreased,  at  least  in 
some  cases.  Clinically,  however,  cinchophen  is  much  less  efficient  in 
chronic  gout  than  in  the  acute  attacks  and  in  non-uratic  joint  affections. 
This  throws  some  doubt  on  the  uric  acid  explanation,  and  makes  it  prob- 
able that  cinchophen  acts  similarly  to  saticyl,  perhaps  as  a  specific  anal- 
igesic.  In  agreement  with  this,,  Klempcrer,  1913,  found  derivatives,  which 
lack  the  uratic  action,  equally  efficient  clinically.  In  acute  gout,  it  causes 
prompt  subsidence  of  the  pain  and  swelling.  In  rheumatic  fever  it  also 
acts  promptly,  similar  but  somewhat  inferior  to  salicyl;  but  it  is  sometimes 
effective  when  salicylates  fail  (Oeller,  1912).  The  same  applies  to  other 
[joint  affections. 

Side  Actions. — The  precipitation  of  uric  acid  contraindicates  its  use 
urate  calculisra.  It  is  generally  free  from  other  unpleasant  effects,  even 
large  doses;  but  occasionally  it  produces  vertigo,  digestive  disturbances, 
[tomplete  anorexia,  cardiac  distress  {Loening,  1913)  and  purpura),  urticarial 
Slnd  scarlatiniform  skin  eurptions  and  fevers  (Mueller;  PhiUips;  Herrick, 
[I913:  Maranon,  1914. 

Administration.^The  dosage  of  cinchophen  is  from  0.5  to  i  Cm.,  8  to 
gr.,  three  or  four  times  a  day;  or  0.5  Gm.  every  hour  for  six  doses; 
spended  in  large  quantities  of  water.  To  prevent  the  precipitation  of 
lies  in  the  urine,  Weintraud  advises  the  administration  of  15  Gm.,  ^4 
incc,  of  sodium  bicarbonate  (or  its  equivalent  of  acetate  or  citrate)  on 
first  day,  and  5  to  10  Gm.  on  the  succeeding  days.  In  gout,  the 
:t  should  be  purin-frec. 

PREPARATIONS CINCHOPHEN 


Acidum  Phenylcinchoninicum  (Acid.  Phenylcinch.),  U.S.P.  (Chichophen;  Ato- 
;  Phenyl  qui  nolin  carboxylic  acid),  C«H6.C»H»N.(COOH). — Small  colorless  needles 

white  powder;  odorless;  bitter  ta-ste.     Almost  insol.  in  water;  slightly  sol.  in  ale. 

125);  50).  in  alkalies.     Dose,  0.5  Gm.,  8  gr.,  17. S. P. 

XeaciKchophcH  (Toiysin.  Novatoplian). — This  is  an  ethyl-mcthyl  ester  of  atophan. 
jhu  the  advantage  of  being  practically  tasteless,  (Haskins,  1913).     Other  related 

pounds  have  been  investigated  by  Impcns,  1Q12. 
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QUnnC  ACID 

This  is  hexa hydro- tetraoxy-benzoic  ucid.^    Il  occurs  in  dncbona  bark,  coffee  and 
many  other  plants.     In  man  (also  in  rabbits,  not  in  dogf,;  Stadclmann,  iSyg)  it  is  larg< 
transformed  into  benzoic  acid  and  excreted  as  hippuric  add   (Lautemann.   iB6 
Weiss,  iSgg,  claimed  that  it  lessened  the  formation  of  uric  acid  and  that  it  had  a 
ficial  effect  upon  gout.     Decreased  urate  elimination  was  also  claimed  by  Focrsti 
iQoo.     Several  observers  reported  clinical  benefits,  and  various  compounds  were  pla 
on  the  market  {utosih,  sidottal,  chinotropin^  etc.).     Further  observations,  hown-tfi 
showed  the  effects  to  be  inconstant  (Delacamp,  1901)  or  rather  ncKattvc  (Hupfcr,  1903: 
Fatavall  anrl  Gics,  1903;  Waucomont,  iQii).     Denis,  1Q15.  found  neither  incieaae  of 
urate  cUmination  nor  decrease  of  the  urate  content  of  the  blood. 


SACCHARIN,  BENZOSULPHINID  OR  GLUSID 

General  Statement. — This  substance,  also  sold  under  many  other 
trade  names,  has  the  formula,  CftH4S02CONH,  and  is  the  anhydrid 
of  ortho-stilphamido-benzoic  acid   (the  para-isomer  is  not  sweet).    In 
common  with  a  number  of  other  benzol  derivatives,  it  has  an  intensely 
sweet  taste,  even  in  very  dilute  solutions.     It  passes  through  the  body 
almost  quantitatively  unchanged,  75  to  90  per  cent,  being  excreted  by 
the  urine  within  twenty-four  hours,  and  the  remainder  in  the  feces.    Con- 
sequently it  has  a  very  low  toxicity.     Small  doses,  up  to  0.3  Gm.  per  day, 
continued  for  months,  produced  no  deleterious  effects,  so  far  as  ascer- 
tainable by  available  methods  of  investigation.    Large  doses,  0.75  to  15 
Gm.  per  day,  are  also  practically  harmless,  except  for  occasional  minor 
disturbances  of  digestion  (Herter  and  Folin,  191 1).     Single  doses  of  sGm 
have  been  given  without  much  effect  (Adduco  and  Mosso,  1887). 

Uses. — Saccharin  is  used  as  a  substitute  for  sugar  in  diabetes  (tablets 
of  0.03  Gm.,  !-^  gr.  =  an  ordinary  lump  of  sugar);  as  flavoring  agent  an^l 
adulterant  of  sweet  foods;  and  as  a  mild  antiseptic  in  fermentative  dyspep- 
sia (0.2  Gm.,  3  gr.,  several  times  daily).  Saccharin  itself  is  but  Utik 
soluble  in  water,  but  its  sodium  salt  *' soluble  saccharin"  dissolves  readJlV' 
It  may  be  prepared  by  adding  1 2  parts  of  sodium  bicarbonate. 

Sweetening  Power. — This  is  about  500  times  as  great  as  that  of  cane  sugar.  It  is 
perceptible  in  dilutions  of  1:100,000;  1:10.000  is  agreeably  sweet;  with  1:1.000  it 
becomes  bitter  and  disagreeable.  Even  with  tlie  more  dilute  solutions  the  qualitv  of 
the  taste  is  somewhat  difTcrcnt  from  sugar  and  on  continued  use  the  per^tcnt  alter* 
taste  becomes  very  objectionable. 

Effects  of  Continued  Use.— Long-continued  and  detailed  investigations  w«« 
made  for  the  Referee  Board  hy  Herter  and  FoUn,  191 1 ;  Herter  administered  the  sodiuflt 
salt, Folin  the  free  saccharin,  in  ''smaU"dose8  to  0.3  Gm.  per  day,  and  "large"  do«t«<rf 
0.75  to  1.5  Gm.,  corresponding  in  sweelening  power  to  150  Gm.  and  to  ;  ^;  t,,  -;oCbi. 
of  cane  sugar  respectively.     The  small  doses  produced  no  discoverable  icvw-  1 

The  large  doses  were  also  negative  as  to  mctaoolism  (total  nitrogen,  am:  jcW, 

creatinin,  sulphur — except  that  of  the  saccharin^-clUorids,  acidity  and  pho»phAtt»l< 
The  kidneys  were  not  affected  (no  diuresis  or  sediments).  Tnerc  were  no  grnrral  tymp- 
toms  or  blood  change^etc.  The  digestive  fututions  were  also  generally  unauectcd  (motor 
and  secretory  functions  of  the  stomach,  bulk  of  feces,  etc.)  even  in  patients  with  hvper- 
or  h>'po-chlorhydria;  but  occasionally  there  was  slight  h>T>eracidity  and  indication*'-'' 
slight  increase  of  intestinal  putrefaction  (urinary  o.xy-acius,  indican,  fecal  H.-S,  «.k.i(cJ, 
indol  and  acidity.  The  fecal  gas  flora  remained  unchanged).  In  vitro,  the  clhcitiKy 
of  all  the  digestive  ferments  was  not  altered  by  the  concentrations  which  might  occur 
in  the  body  (except  by  the  acidity  of  free  saccharin,  a  factor  which  had  been  negkct*^ 
in  some  of  the  earlier  investigations;  Ricgler,  1895;  Matthews  and  McGuigan,  1905'' 
The  antiseptic  action  was  very  slight. 

The  older  literature  contains  reports  of  digestive  and  other  disorders  (BornBlrix 
1900),  especially  after  continued  use  (v.  Jaksch);  but  these  observations  were  not  made 
with  the  same  degree  of  accuracy. 

>  Ottinic  add  -  CiHt(OH)i;COOH  -f  Hia 


J 


SACCHARIN 


603 


!be  toxicity  for  animals  is  very  low  (Adduoo  and  Mosso,  iHS?).  Matthews  and 
yuigan  observed  depression,  stupor,  convulsions  and  nephritis.  Herter,  administer* 
lolublc  saccharin  to  rabbits  by  stomach,  found  no  effects  with  4  to  5  Gm.  per  kilo- 
I;  double  this  dose  was  fatal  in  two  hours,  the  autopsy  showing  violent 
ro-intestinal  irritation. 

Use  of  Saccharin  in  Foods. — The  preceding  investigations  show  that 
«rious  damage  need  be  apprehended  from  the  quantities  of  saccharin 
ch  would  ordinarily  be  used.  Larger  quantities,  however,  tend  lo 
iuce  minor  derangcmenls,' which  could  perhaps  become  .more  accen- 
ted in  pathologic  conditions.  For  this  reason,  and  because  saccharin 
no  food  value,  its  indiscriminate  use  as  a  mere  sweetening  agent 
jUd  be  condemned,  except  in  cases  in  which  sugar  is  inadmissible, 

'touchet,  Robin  and  Hayem,  IQ17,  claim  to  have  obser\'ed  digestive  disturbances, 
'Irom  the  excessive  use  of  saccharin.  This  was  endorsed  by  the  French  Acad,  de 
L  Reynier,  on  the  other  hand,  observed  no  bad  effects  in  animal  or  human 
nmenfi. 

PREPARATIONS SACCHARIN 

^tnzosuJphinidHm  (Ben^osulphinid,),  U.S. P.;  Glusidum,  6. P.  (Saccharin), 
k'SOt'CONII,  the  anhydrid  of  orthosulphamido-benzoic  acid. — White,  crj'stalline 
der:  odorless,  or  having  a  faint,  aromntic  odor,  and  intensely  sweet  taste  in  dilute 
tion.  Slightly  sol.  in  water  (1 ;  235);  sol.  in  ale.  (1:31);  easily  sol.  in  alkalies.  Dose^ 
ini.,  3  gr.,  U.S. P. 

^odii  Bcnzosulphinidum  (Sod.  Benzosulphin.),  U.S. P.  (Sodium-Saccharin),  NaCrH^- 
|l  +  3H1O. — Colorless  pnsms,  or  white,  crystalline  powder;  odorless;  intensely 
it  taste.     Dostt  o.a  Gm.,  3  gr.,  U.S.P. 

I       METHYLTHIOmM  HYDROCHLORID  OR  METHYLENE  BLUE 

plis  dye  (tetramethyl-thionin  hydrochlorid)  was  introduced  on  the 
p  of  its  selective  coloring  power,  under  the  belief  that  this  implied 
jjly  selective  actions.  The  expectations  were  disappointing.  It  is 
itther  doubtful  value  as  an  analgesic  in  neuralgia,  neurites,  sciatica; 
Intiz^'-motic  and  antipyretic  in  malaria;  as  antiseptic  in  cystitis, 
'itis,  conjunctivitis  and  skin  diseases;  and  as  a  Lest  for  kidney  fuac- 
It  colors  the  urine  green  or  blue  (also  the  sweat;  Tachau,  1911). 

Antisepsis. — Methylene  blue  fi:  150,000)  is  antiseptic  for  pure  cultures; 
t  b  a  slow  and  weak  germicide  and  practically  inactive  in  the  leucoiorm,  in  which 
iscreted  in  the  urine.  In  doses  of  0.4  to  0.6  Gm.,  four  times  daily  [or  several  days, 
ibaps  is  of  some  use  in  staphylococcus  cystitis;  but  useless  in  urethritis  (Htnman, 

PiXic  Actions. — Therapeutic  doses  sometimes  cause  slight  vesical  or  gastro-intes- 
iiTitatJon  (Scifert,  Nebcnwirk.,  1915,  p.  34);  but  its  toxicity  is  ver>'  low,  the  fatal 
pr  dogs  exceeding  i  Gm.  per  kilogram.  Its  continued  use  is  also  harmless  (Tan- 
{1907),  Hypodermically,  it  may  produce  ulcers  and  abscesses.  Intravenously, 
0C5  the  blood  pressure  by  a  cardiac  action  (Garfounkel  and  Gautrelet,  1013)- 
|fte. — Methylene  blue  is  distributed  through  all  the  tissues  (localiswition  in  kidneys, 
L  Shafer,  1908),  but  it  is  rapidly  reduced  to  colorless  Icuco-compounds.  These 
ciclized  when  the  tissues  are  exposed  lo  air  (Hcrlcr.  i<>04)  or  in  contact  with  hydro- 
^r«>xid,  thus  restoring  the  blue  colnr.     It  is  excreted  in  the  urine  and  feces  (traces 

geat  and  sputum),  partly  unchanged  and  partly  as  *' methylene  azure."     The 
also  present  in  medicinal  methylene  blue,  being  formed  from  it  by  alkalies. 
It  in  a  colored  and  colorless  (reduced)  form  in  the  urine  (Underhill  and  Closson, 
This  is  therefore  rendered  more  blue  by  oxidizing  agents,  cspeciaUy  in  acid 
and  paler  by  reducing  agents  (dextrose,  ctc.)- 
(Bt  of  Kidney  Function. — 0.02  to  0.5  Cm.  are  injected   hypodermically.     The 
tk>n  bc^ns  normally  between  fifteen  to  twenty-five  minutes.     Indigocvmui  (4 
I4  per  cent.,  hy^wdermically)  has  also  been  u«cd;  as  well  as  phlorhiziii.    The  usc- 
k  of  these  tests  is  much  more  limited  than  that  of  the  phenolsulpbonryhthalcin 
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PREPARATIONS — SfETHYLENE  BLDE 

MetkyUHonina  Chloridum  (Methylthionin.  Chlor.),  U.S.P.  (Methylene  Blae; 
Tetramethylthionin  Chlorid). — Not  to  be  confused  vfUh  meihyl  blue!  A  dark  gnea, 
crystalline  powder,  or  prismatic  crystals  having  a  bronze-like  luster.  Freely  sol.  in 
water  and  ale.  Dose^  0.15  Gm.,  2}>i  ^.,  U.S.P.  Externally,  0.5  per  cent,  solution  on 
mucous  membranes,  2  per  cent,  on  skin. 

Sodii  IndigoiindisiUphonas  (Sod.  Indigotin.),  U.S.P.  (Indigo  carmin). — Blue  powder 
or  paste,  sparingly  sol.  in  water;  insol.  in  ale.  Used  for  coloring  Bichlorid  Poisoa 
Tablets. 

FLAVINS  (ACRIDIN  DYES) 

Derivation, — Certain  derivatives  of  acridin,  a  coal  tar  base,  were  sug- 
gested by  Ehrlich  as  tr3rpanocides.  His  "trypafiavin"  is  now  known  as 
"Acriflavin"  or  simply  as  "flavin;"  but  the  latter  term  is  likely  to  confuse. 

Bibliography, — ^^A  review  of  the  literature  is  given  by  the  Council  on 
Pharmacy  and  Chemistry  in  the  Journal  of  the  American  Medical  Asso- 
ciation, igig. 

Structure. — Acrifiavin  is  diaminomethylacridin  chlorid. 


I 
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Profiavin  is  diamino-acridin  sulphate.  It  differs  only  by  the  absence  of  the  metfarl 
group,  and  is  used  as  the  sulphate.  N  It  is  also  used  aa  pro/lam  it$t. 

/\ 
H         HSO4 

Many  other  acridin  dyes  have  been  studied,  but  are  not  bacteriddal.  The  preptn' 
tion  and  properties  of  acri-  and  proflavin  were  described  by  Benda,  1912. 

Actions. — Acriflavin  and  the  closely  related  proflavin  are  highly  active 
antiseptics  and  have  the  distinction  of  being  apparently  more  germiddsl 
in  serum  than  in  water.  They  are  also  relatively  non-toxic  for  phago- 
cytes and  epithelium  (Browning  et  al,  1917,  1919).  However,  Daunand 
Dunham,  1917,  consider  the  bactericidal  claims  as  misleading. 

Acriflavin  is  more  antiseptic  and  more  toxic  than  proflavin,  but  acts 
more  slowly. 

Systemic  Toxicity. — Tubby  et  al,  1919,  found  that  rapid  intravenous  injectioiB  k3^ 
cats  by  paralysis  of  respiration.  For  rabbits,  10  to  20  mg.  of  acridin  by  vein  are  Don- 
fatal;  proflavin  is  half  as  toxic. 

Clinical  Uses. — The  clinical  absence  of  tissue  injury  led  to  the  exten- 
sive trial  of  the  flavins  in  infected  wounds  during  the  war;  and  also  agamst 
gonorrheal  infections.  The  clinical  publications  are  conflicting,  but  the 
results  very  evidently  did  not  meet  the  expectations.  The  germicidal 
action  is  incomplete;  and  the  irritation  and  interference  with  wound 
healing  is  much  greater  than  was  anticipated.  On  the  other  hand,  the 
flavins  seem  to  have  a  distinct  field  for  temporarily  checking  bacterial 
growth  whilst  a  wound  is  awaiting  operation;  as  in  transportation  with 
war-wounds;  or  in  the  interval  of  two-stage  operations.  They  are  not 
advisable  for  long  continued  treatment  (Crile). 

The  reports  on  gonorrhea  are  contradictory. 
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CoHqh  Io  Woitfids. — Aflcr  irimining  the  wound,  it  is  washed  and  flooded  with 
J  1 :  1000  in  normal  saline.  As  much  as  possible  of  the  solution  (up  to  100  c.c) 
oe  wound.    The  application  is  not  painful.     Fresh  wounds  may  be  sutured  at 

fpurating  wounds  arc  packed  with  gauze  soaked  in  the  solution,  and  covered 
dressings,  to  check  evaporation.     Proilavin  may  be  used  as  a  j  per  cent. 

itUioH  of  Gotwrrhea. — The  concentration  for  injections  is  x :  tooo;  for  irrigation^ 

I  8000.     There  is  a  slight  burning  sensation  in  the  urethra. 

ry  Antiseptic, — Davis  and  White,  iQig.  found  the  flaWns  efficient  in  both  add 

me  urine.     With  some  organisms,  the  efficiency  wa»  much  better  in  alkaline 

lie  efficiency'  in  animal  experiments  was  inconstant;  perhaps  because  of  difTer- 

taction. 

nl  Properties. — Both  flavin  salts  occur  as  reddish-brown,  odorles  powders,  of 

t/t.  forming  fluorescent  solutions  in  water.     These  are  not  injured  by  boiling. 

mlfeo  soluble  in  alcohol,  but  insoluble  in  fat  solvents.     Proflavin  base  is  soluble 


OTHER  COAL-TAR  DYES 

share  the  general  properties  of  the  aromatic  group.  A  number  are  discussed 
onnections,  e.g.,  fuchsm.  scarlet  red,  tr>TMin  red.  etc.  Basic  dyesluffs  may  bc- 
labte  urinary  antiseptics,  but  have  not  been  sufficiently  worked  out  (Hinman, 
fetliyl  violet  (Pyoklaninum  CoeruleumJ  is  used  as  an  antiseptic  (Stilling,  1890) 
10,000  solution  or  2  per  cent,  ointment. 

of  the  dyes  are  bactericidal,  and  often  with  specific  predilections.  Roemer, 
.  Lochlcin,  1914,  have  worked  out  the  efficiency  of  a  scries  of  dyes  in  eye  infec- 

4kerapy. — The  specificity  of  dyes  make  them  favorite  objects  for  chemo- 
ic  studies. 

led  tissues  and  their  products  generally  have  a  marked  tendency  to  take  up 
ffeater  concentration  than  do  normal  tissues  (Cecil  and  Weil,  1917).  In 
I*,  the  caseous  masses  are  penetrated  in  vivo  by  certain  dyes  (trypan  red),  in 
high  concentration,  (^ite  a  number  of  ^cs,  especially  the  safranin  and 
roups,  inhibit  tubercle  bacilli  much  more  effectively  than  t>'phoid;  but  their 
J  cmciency  does  not  appear  sufficiently  high  (P.  A.  Lewis,  1917). 
%cr  also,  the  necrotic  areas  accumulate  diajw-dyes,  but  no  therapeutic  effects 
I  attained  (R.  Weil,  1916). 

iy. — Martins  yellow  resembles  cocain  in  toxicity  and  in  some  of  its  actions 
kthews  and  L«ngfe!low,  1910).    Add  dyes  are  generally  much  less  toxic  than 

furious  effect  in  human  subjection  followed  the  intravenous  injection  (as  0.2 
lolution)  of  I  gm.  of  congo-red  or  try  pan-red.  The  toxicity  of  diazo  dyes  varies 
The  serum  remained  discolored  for  several  days,  with  relatively  slight 
n  their  chemical  structure  (Cecil  and  Weil,  1917).  The  penetration  of  dyes 
presents  very  interesting  problems  (A.  P.  Mathews,  iQio).     Basic  dyes  dimin- 

iyes  increase  the  imbibition  of  gelatin.  This  may  be  a  factor  in  the  penetra- 
» not  a  complete  explanation  (Traube  and  Koehler,  1915)-  The  vital  staining 
toxicity  of  add  and  basic  dyes  are  not  parallel  (Hoeber,  1914).  The  addition 
I  other  poisons  often  modifies  their  toxicity  (Scllei,  1913). 
tCDeraUv  are  excreted  more  rapidly  by  the  bile  than  by  the  urine,  no  matter 
Sustered  (Salant  and  Bengis,  igi6). 

Formation. — Basic  dyes  (methylene  blue)  stimulate  in  dilute  solutions  and 
th  moderate  concentrations.  .\dd  dyes  have  little  effect  (Somogyi,  1916K 
iscein,  N.N.R.  (Rcsordnolphthalein),  the  anhydrid  of  tluorcsceinic  acid,  in 
tf  its  soluble  potassium  or  sodium  salt  (Uranin)  is  used  for  its  peculiar  staining 
f  the  cornea  and  conjunctiva,  to  reveal  epithelial  injury.  This  was  discovered 
k,  1882,  and  introduced  by  Bamberger,  1909.  A  2  per  cent,  solution  dropped 
^  does  not  stain  normal  tissues,  but  produces  beautiful  yellow  and  green 
By  abraded  parts  or  ulcerations  about  foreign  bodies,  etc.  Given  by  mouth, 
t  body  becomes  of  a  jaundice  color,  which  disappears  in  twenty-four  hours. 
the  normal  eye  is  not  colored,  the  dye  being  retained  in  the  posterior  chamber; 
i  presence  of  intraocular  disease,  glaucoma,  iritis,  etc.,  the  aqueous  humor  is 
tight  green  in  about  twenty  minutes,  thus  differentiating  these  diseases  from 
vities  in  which  there  is  no  coloration.  The  dose  by  mouth  for  adults  b  3  to6 
tbildren  1.5  to  2  Gm.,  ia  water.  This  presents  no  danger. 
Function  Test. — This  is  described  by  Strauss,  1913,  Sod.  Fluorescein,  i  Gm. 
f  tea,  is  given  on  an  empty  stomach.     Normally,  it  appears  in  the  urine  (best 
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seen  when  alkaline)  in  ten  to  twenty  minutes,  and  lasts  thirty-five  to  forty  bo 
In  renal  disease,  it  appears  later  and  lasts  longer.  The  skin  may  be  stained  sligh 
yellow,  but  there  arc  no  other  side  effects. 

£osin. — Rost,    1915,   found  its  oral  administration  harmless  in  man  and  antmaU. 

On  intravenous  injection,  the  toxic  effects  of  eo^n  and  erythiosin  are  much  higba 
than  those  of  fluorescein,  of  which  they  are  bromio  and  iodin  derivatives  (Salant 
BcM^s,  1917)- 

Basic  Fuchsin  fCmcblcr),  para-rosanilin  acetate,  was  advised  by  May,  1912, 
Donnelly,  nji4,  as  a  lotion  or  ointment  {i  percent.)  for  ulcers  and  burns.  It  i&aali 
tic,  non-irritant,  non-toxic,  and  seems  to  encourage  epithelial  growth  and  granuta 
The  color  may  be  removed  from  the  skin  by  alcohol. 

Gentian  Violet. — This  combines  a  relatively  high  toxicity  to  bacteria  with  a  b*-- 
toxicity  to  higher  tissues.  Russel,  1914,  for  instance,  found  that  tissue  cultures  are  not 
injured  by  concentrations  which  kill  bacteria.  It  is  practically  ineffective  agsia«( 
tetanus,  however  (Hall  and  Taber,  1914);  rabies,  etc.,  also  showed  poor  success  fChurdi- 
mun,  1914). 

Fluorescent  Substances. — V.  Tappeiner  and  Raab  (1903)  found  that  fiuort?- 
cent  substances  are  very  destructive  to  all  forms  of  life,  and  also  to  ferments  and  torn-, 
but  that  the  effects  appear  only  in  the  presence  of  the  specific  light  rays  which  induct 
the  fluorescence  (Review,  Tappeiner,  1909).  Toxinsarevery  susceptible  to  fluoresccnct 
(Noguchi,  X90O}. 
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MISCELLANEOUS  ANTISEPTICS 

FORMALDEHYD 

General  Statement. — The  aldehyds  react  chemically  with  an  excep- 
tionally large  number  and  variety  of  organic  substances,  amongst  othcn 
with  proteins.  This  probably  explains  their  actions  (Liebreich,  18951. 
Formaldehyd,  HCHO,  especially  is  very  strongly  germicidal  and  is  largely 
used  as  a  disinfectant.  It  hardens  the  tissues  on  local  contact  and  thos 
produces  irritation,  especially  of  mucous  membranes.  Its  systemic  toi- 
icity  is  relatively  low. 

Fonnaldehyd  is  a  colorless,  irritant  gas,  prepared  by  the  oxidation  of 
methyl  alcohol.  It  is  freely  soluble  in  water,  and  is  found  on  the  market 
in  the  form  of  a  40  per  cent,  solution  {Formalin)}  The  solutions  Iftii 
gradually  to  become  inactive  by  the  formation  of  the  insoluble,  polymeric, 
triox3nmethylen  or  paraform,  (HCHO)^  especially  on  heating,  but  some, 
what  also  on  standing.  The  latter  may  be  prevented  by  chemic  means 
(calcium  salts,  methyl  alcohol).  Triox>'methylen  again  yields  formalde' 
hyd  by  dry  heat. 

Formaldehyd  is  converted  into  hezamethylenamin  by  ammonia  or 
ammonium  salts. 

Other  Aldehyds. — Aldehyds  contain  the  OHO  group  linked  with  organic  nwlicils- 
Acctaldehyd  and  paraldehyd  arc  somewhat  antiseptic,  but  more  markedly  narcotJc- 
This  narcotic  action  is  especially  prominent  in  trichloraldehyd  (chloral). 

Acrolein,  CH:CHCHO,  resuttinK  from  the  decomposition  of  glycerin  bycxoewve 
beat,  is  hif^hly  irritating  and  but  little  antiseptic  (Fraenkel,  Anciiinullel-synth» 
p.  628). 

Historical. — Formaldehyd  was  discovered  by  von  HoUmaim,  XS67;  its  antise^ 
action  by  Loew  and  Fischer.  1886.     Aronwn,  1894,  showed  that  it  also  destroys  tono^- 

Reaction  of  Formaldehyd  with  Proteins.— Formaldehyd  enters  into  rather  pcoiliif 
compounds,  which  are  precipitated  under  suitable  conditions,  from  which  the  IM" 
maldchvd  and  the  original  proteins  may  be  completely  reRencraled  under  other  cdd- 
ditions.  The  literature  to  1R07  is  given  by  Benediccnti.  With  albumo*iet  tSollniWUit 
1902)  and  presumably  with  other  proteins  the  compound  contains  definite  proportio** 
of  formaldehyd,  albumose  and  alkali.    It  is  precipitated  in  weakly  alkaline  iolatiott 

*  In  cnakinK  soliilioas  of  r  given  strength,  it  is  therefore  neccssKry  to  take  a}^  ttinn as  macfi  o'^ 
commercial  solution  u  would  t)«  required  of  alMotute  formaldehyd. 
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dissolved  without  decomposition  by  stronger  alkalies,  and  is  decomposed,  or  its  formu- 
Uon  prevented,  by  weak  acids  and  by  excess  of  neutral  sails.  Even  under  the  most 
favorable  conditions  the  combination  is  completed  slowly.  It  is  hastened  by  increased 
coocentxaiion  of  formaldchyd,  protein  or  alkalinity,  and  by  heat.  (This  combination 
has  also  been  invt^lLigated  by  SchoTer,  191 1).  The  precipitate  al»o  contaiob  a  further 
quantity  of  formaldchyd  mcchanicaHv; 

Other  Chemic  Actions. — Formaldehyd  retards  or  prevents  the  coagulatuin  and  spon- 
taneous taking  of  shrA  blood,  when  added  in  the  proportion  of  1:200  to  400.  Uric  acid 
and  uralfs  are  dissolved,  or  their  precipitation  is  prevented,  by  the  formation  of  soluble, 
compound:*.     Urea,  on  the  other  nand.  forms  an  insoluble  compound  with  formaldehyd. 

Digestive  Ferments. — The  digr^tibility  of  fibrin  and  the  coagulability  of  ca^rin  are 
diminished.  Formaldehyd  also  lessens  the  activ-ity  of  certain /rrn»<«/,t,  namely,  papain, 
trypsin,  ptyalin,  and  aroylopain;  whilst  pepsin,  rennin,  and  malt  diastase  are  but  little 
altered. 

Antiseptic  Action. — Formaldehyd  is  one  of  the  most  powerful  disin- 
fectants, of  relatively  high  [>cnetraling  power,  harmless  to  metals,  fabrics 
and  colors  and  of  relatively  low  toxicity.  On  account  of  its  irritant 
effects,  its  use  on  the  body  is  inadvisable.  It  is  employed  particularly 
for  the  disinfection  of  rooms  and  excreta. 

Antiseptic  Efficiency. — Formaldehyd  is  very  much  more  effective  as  an  antiseptic 
than  as  a  germicide.  Its  activity  varies  for  different  organisms.  Typhoid  badlli,  ^^ath 
exposure  of  twenty-four  hours,  are  killed  by  i:6cxx>,  completely  restrained  by  i:  16.000: 
partly  restrained  by  i:j|o,ooo.  1:40,000  is  practically  ineffective  (Hyman,  1914);  all 
Ihc  concentrations  refer  to  absolute  HCHO.  Solutions  of  ^i  to  2^  per  cent,  destroy  all 
bacteria.,  spores  and  toxins,  in  six  to  twenty-four  hours.  The  gas  is  similarly  antiseptic, 
e^ieci&lly  when  it  is  moist.  The  acti\'ity  is  increased  by  acids,  presumably  by  prevent- 
ing combination  with  the  proteins  of  the  medium.  (Further  details,  J.  F.  Anderson, 
r^7,  Hyg.  Bull.,  ^0;  Hinman,  iQiji). 

The  germicidal  efficiency  against  J^VofA«/ej is  low  (i:i&oo,  absolute;  Akatsu,  19x7). 
Practical  Application. — Feces  are  mixed  with  10  per  cent,  of  the  commercial  solu- 
tion. This  destroys  the  odor  almost  immediately,  but  to  insure  complete  disinfection, 
they  should  be  left  in  contact  for  an  hour.  Tubercular  sptUum  s>\\Q\x\Ahc  disinfected  with 
5  per  cent,  of  the  commercial  solution  for  an  hour.  Instruments  and  other  articles  may 
o«  placed  in  \}^  to  5  per  cent,  solutions  of  formahn. 

Fumigation  oj  Roofns, — No  method  of  fumigation  is  absolutely  reliable. 
^oist  formaldehyd  vapor  is  the  most  efficient  fumigant  against  bacterial 
diseases,  but  has  little  penetrative  power.  It  docs  not  destroy  mosquitoes 
Of  other  insects,  and  is  therefore  inferior  to  sulphur  dioiid  against  malaria 
or  yellow  fever  (McClintock,  etc.,  191 1). 

Formaldehyd  vapor  is  usually  generated  by  the  heat  evolved  by  the 
*^tcraction  of  formaldehyd  solution  with  permanganate  or  cheaper  oxi- 
dizing  agents.     This  is  somewhat  wasteful,  but  convenient. 

It  may  also  be  formed  by  special  apparatus  invohnng  the  incomplete  combustion  of 
"^^thyl  alcohol  or  the  vaporization  of  trioxymethylen. 

Simple  spraying  with  formaldehyd  solution  (8  c.c.  per  cubic  meter)  is  also  used, 
^■^poration  of  formaldehyd  solution  by  heat  is  wasteful,  but  may  be  employed  (150  c.c. 
**»■  1000  cubic  feet). 

.\  i:  ao  dilution,  allowed  to  stand  about  n  room  in  saucers,  is  said  to  kiU /ties. 
Permanganate  Method. — This  was  introduced  by  Evans  and  Russell,  1Q15.  For  a 
^m  <A  j.ooo  cubic  feet,  2  pounds  of  potassium  permanganate  are  placed  in  a  5-gallon 
P*>i  and  this  is  set  in  a  large  tin  can  containing  water.  When  everything  is  ready,  z 
^^arts  of  40  per  cent,  formaldehyd  are  poured  on  the  permanganate,  the  room  is  vacated 
immediately  and  left  closed  for  at  least  twelve  hours,  then  thoroughly  aired  (Hoxie). 
{  With  this  and  the  following  methods,  about  40  to  So  per  cent,  of  Uie  formaldehyd  is 
^ectively  volatized  (Base,  19x6;  Hamilton,  1917;  Storm,  1918). 

Ckfomate  Method. — This  was  introduced  by  S.  G.  Dixon,  1914,  at  the  suggestion  of 
^/^Dearten.     A  solution  of  jl^  fluidounces  of  concentrated  sulphuric  acid  and   i 
pSot  of  U.S.P.  Formaldehyd  Sol.  is  prepared  in  advance  and  keeps  perfectly.     When 
it  is  poured  on  10  ounces  of  soa.  dichromate  crystals,  which  nave  been  spread 
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in  a  thin  layer  in  a  vessel  of  ten  times  the  capacity  of  the  ingredients.  The  gas  H 
liberated  more  rapidly  than  with  permanganate;  the  operator  must  therefore  withdraw 
promptly. 

Chhralf  Mftltod. — Storm,  1918,  suggests  a  mixture  of  i  part  sodium  chlorate  and  4 
parts  uf  formaldchyd  solution.     The  rewction  starts  onlv  at  ts^C 

Applications  to  the  Body. — This  is  not  recommended  on  account  of  the  local  irritani 
action.  It  hat;  been  employed,  however,  for  the  disinfection  of  hands  fi  per  cent);  as  1 
mouth  wash  and  garble  {^2  P^r  cent.);  in  sktn  diseases  and  hyprridroiis  (2.5  per  cent.); 
for  painting  the  throat  in  diphtheria  or  tansiUitis  (2^  to  5  per  cent.).  The  evaporation 
of  a  small  amount  of  the  solution  in  the  room  has  also  been  used  in  tubewiuiom. 
Maguire^  rpoo,  suggested  intravenous  injections  of  x:ao,ooo.  They  were  quicJd} 
abandoned. 

FomuUdehyd  as  Food  Preservative. — Concentrations  of  1:33,000  to  i :  10,000  h*\c 
been  used,  especially  for  milk.  It  1*  both  incflcfUvc  and  dangerous,  and  is  thereforf 
properly  prohibiletl.  The  ordinary  concentration  for  milk  f  1:10,000)  checks  laclit 
fermentation,  but  does  not  kill  the  tubercle  bacilli  and  is  therefore  of  questionable 
utility.  Whilst  it  may  not  interfere  with  digestion  in  inSro  (Price,  1004),  in  life  it 
may  produce  intestinal  ulcers  (Schaps,  1905).  It  probably  causes  cumulative  effect 
Even  the  local  application  is  said  to  lead  to  inflammatory  changes  in  the  liver  and 
kidneys  (Fischer,  1905).  7*he  effects  on  digestion  and  general  health  are  described  bv 
Wiley,  1908. 

Salkowski.  iqis,  states  that  formaldehyd,  0.6  to  1  Gm.  f>er  day,  added  to  the  food 
of  a  I?  kilogram  dog,  was  well  tolerated  and  did  not  impair  the  utllixation  of  protein. 

Local  Actions. — Formaldchyd  solutions  or  vapor,  even  when  ven* 
dilute,  produce  very  strong  irritation  of  all  mucous  membranes.  The 
susceptibility  to  this  irritation  is  diminished  by  habituation.  Applied  Ui 
the  unbroken  skirtt  it  hardens  the  epidermis,  renders  it  rough  and  whitish, 
and  produces  anesthesia.  Repeated  application  of  strong  solutions  leads 
to  superficial  necrosis  of  the  skin  and  naQs  and  to  persistent  ecwnu 
(Galewsky,  1905).  Its  application  to  broken  surfaces  is  very  painful 
Isolated  tissues  are  promptly  hardened.  Formaldehyd  is  therefore  U5«si 
in  histologic  technic  in  strengths  of  '2  to  10  per  cent.  These  effecuarf 
produced  by  the  coapdatioft  of  proteins.  They  are  influenced  by  the  con- 
centration and  by  the  time  of  contact  (Meneguzzi,  1913). 

Urticaria. — The  endermic  application  of  formaldchyd  (2  per  cent.)  pnxluces  wheik 
(Sollmann,  1917).  General  urticaria  is  also  sometimes  seen  from  the  systemic  usee' 
formaldehyd,  in  mouthwaish  (Heidingsfeld,  it)i6)  or  formaminl  tablets  (Gtaser-LipehceK 

Use  on  Perspiring  Feet. — Althof,  1914,  claims  relief  by  painting  the  skin  with  JO 
per  cent,  formaldehyd,  daily  for  t,  days.  The  effect  is  said  to  persist  4  to  6  weeks,  wkeo 
the  treatment  is  repeated.     It  is  doubtful  whether  the  methoa  is  harmless. 

Red  Corpuscles. — These  are  fixed  by  dilute  solutions  similarly  to  other  tieucsi 
strong  solutions  of  commercial  (not  of  pure)  formaldehyd  may  produce  laking.  by 
their  formic  acid  fKranchi,  1013). 

Systemic  Actions.— The  inhalation  of  formaldchyd  vapors,  even  for  a  long  time* 
produces  but  small  effects,  beyond  the  local  actions,  causing  bronchitis  and  pn«* 
monia.  The  intravenons  injertion  of  solutions  in  normal  saline  of  a  strength  of  i:s,oco 
also  produce  no  immediate  effects,  even  in  man.  The  fatal  dose  for  mammals  intnvct- 
ously,  is  about  0.07  to  o.oq  Gm.  per  kilogram;  the  hypodermic  dose  is  approdmitciv' 
ten  times  as  much. 

When  applied  directly  to  the  mucosa  of  the  upper  intestine  (not  the  lowerl,  the 
irritation  of  the  formaldehyd  produces  un  increased  flow  of  pancreatic  juice.  "Hie 
most  favorable  concentration  is  i  to  2  per  cent.,  8  to  lo  per  cent,  being  indSeftivP 
(Dciczcnnc  and  Pozcrski.  1915). 

Poisoning  by  Swallowing  Formaldehyd. — A  number  of  such  cases  have  bccQ  f^ 
ported.  As  8umma^i^ed  by  MacLachlan,  igog,  the  symptoms  consist  of  immediitn 
and  severe  abdominal  [)ain;  often  sudden  and  prolonged  loss  of  consciousness.  «^ 
collapse.  Death  occurs  in  twenty-lour  to  forty-eight  hours.  The  autopsy  shows  sevtir 
gastritis  with  erosions.  In  non-fatal  cases,  the  urine  is  suppressed  for  twelve  to  tweatJ" 
four  hours,  and  then  generally  contains  blood  and  casts.  There  is  often  dianbeawd 
tenesmus,  sore  mouth  and  dysphagia.  The  recovery  is  curiously  rapid,  the  patJcnl* 
being  wcU  within  a  week.  The  fatal  cases  all  took  over  3  ounces  ot  the  comineid»' 
solution.    The  largest  quantity  from  which  recovery  is  reported  is  60  cc. 
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The  treaiment  should  consist  in  the  administration  of  dilute  ammonia  and  ammonium 
Baits,  and  in  lavage. 

Fate  of  the  Formaldehyd. — Formaldeh^'d  is  absorbed  from  all  parts  of  the  alimentarv 
tract  and  lungs  (McGuigan,  1Q14).  It  is  not  excreted  as  such  (Blum;  Pohl,  iSgjj, 
even  with  intravenous  injection;  unless  very  large  doses  are  given  (McGuigan,  19x2; 
tmpens  and  Rosenberg;  Salkowski,  IQ15).  It  is  mainly  oxidized  in  the  tissueSi 
especially  the  Uvcr  (Pohl),  to  formic  acid.  The  oxidation  of  aldehyds  is  not  direct,  but 
through  the  "Cannizxaro  reaction,"  commonly  observed  in  vUro  when  aldchvds  are 
treated  with  alkalies,  2HCHO  +  H2O  =  CHiOH  +  HCOOH.  A  part  of  the  formic 
fccid  may  appear  in  the  urine  (Pohl;  Klueber  and  Gerlasch):  but  small  quantities  of 
formic  acid  are  also  completely  destroyed  (Sollmann,  ipofl).  Some  of  the  formal- 
dehyd  may  be  transformed  into  hexamethylenamin  (McGuigan). 


PREPARATIONS — FORMALDEHYD 

^Liquor  t'ormaldekydi  (Liq.  Formaldehyd),  U.S.P.,  B.P.;  Solution  of  Formaldehyd 
CFormalin). — A  watery  solution  containing  about  37  per  cent,  of  HCOH.  Clear, 
colorless  liquid;  pungent  odor  and  caustic  taste.  Miscible  with  water  and  alcohol. 
A  tablespoon  in  a  quart  of  water  makes  about  1  per  cent,  of  absolute  formaldehyd. 

Liquor  Fornuildchydi  Saponatus  fLiq.  Formaldehyd.  Sap.),  B.P. — 20  per  cent,  of 
Liq.  Formaldehyd;  40  per  cent-  of  Soft  Soap;  jo  per  cent,  of  Alcohol. 

Parafornmldehydum  (Paraform.),  U.S. P.  (Paraform,  Triox>'mcthyIen),  (HCOH)). — 
While  friable  masses,  or  as  a  powder,  having  a  slight  odor  of  formaldehyd.  Slowly 
sol.  in  cold  water;  insol.  in  ale.  or  eth.     Dose,  0.5  Gm.,  8  gr.,  U.S. P. 

It  sublimes  slowly  at  ioo'*C.  and  melts  at  i7i**C.  Heated  under  proper  conditions, 
it  is  decomposed  into  formaldehyd  and  is  used  for  the  disinfection  of  rooms.  Two  Gm. 
of  paraform  are  required  per  cubic  meter  (35  cubic  feet  of  space).  Formaldehyd  is 
also  slowly  liberated  at  body  temperature:  paraform  has  therefore  been  suggested 
uan  inlfstinal  antiseptic  (0.05  to  o.i  Gm.  every  two  hours,  for  children),  but  its  irritant 
ictioo^  renders  it  objectionable.  Larger  doses  (?  to  4  Gm.)  are  cathartic^  small  doses  are 
nther  constipating.     It  will  not  cause  serious  poisoning  even  in  large  doses. 

FORMALDEHYD  COMPOUNDS 

'hesc  are  generally  inactive  and  non-irritant  in  themselves,  but  re- 
generate formaldehyd  under  suitable  conditions.  It  was  therefore 
thought  that  they  would  prove  valuable  antiseptics.  However,  most  of 
them  lii>crate  it  cither  too  slowly  or  too  readily.  Hexamethylenamin 
aJone  has  proved  really  valuable. 

Glutei  (Schleich,  1896)  is  an  insoluble  compound  of  formaldehyd  and  gelatin,  which 
"olds  the  greater  part  of  the  formaldehyd  so  firmly  that  it  is  practically  useless 
(^llmann,  iqoS).  Other  protein  compounds  were  also  disappointing.  Clas&cn  intro- 
'luced  compounds  with  carbohydrates :  Starch  (amyloform),  dextrin,  milk-sugar, 
*t<;-  Their  fate  was  studied  by  Jacobson.  1006.  There  were  also  combinations  with 
pheooU.  urea  (Tohn,  iJ^q;).  etc.  Auhydromethylencitrates  (citarin)  splits  off  CHtO 
too  readily  fNicoIaier,  iQo6t;  whilst  methylcndisalicylic  add  is  not  decomposed  in  its 
^jpge  through  the  body  (Sollmann,  190S). 

^f  HEXAMETHYLENAMIN 

General  Statement. — Hexamethylen-tetramin.  N4(CHs)«,  is  formed  by 
the  action  of  ammonia  on  formaldehyd.  It  is  itself  quite  devoid  of  anti- 
**ptic,  irritant  or  toxic  actions.     Its  solutions,  however,  dissociate  slowly 

^jjk  the  evolution  of  formaldehyd.     This  decomposition  is  favored  by 

^■Drcsencc  of  free  acid,  and  arrested  by  alkali. 

^^ffiexamethylenamin  is  rapidly  absorbed,  distributed  through  all  the 

Hpi^  and  secretions,  and  excreted  mainly  in  the  urine.  By  far  the 
Pwter  part  is  unchanged,  but  a  small  fraction  is  changed  into  formalde- 
"y<l  wherever  it  meets  an  acid  reaction;  especially  during  the  secretion 
^'  acid  urine,  and  perhaps  exceptionally  elsewhere  in  the  body.    The 

I  *^^ec  of  decomposition  depends  entirely  on  the  acidity.  .The  presence 
"^  irec  ammonia  prevents  the  formaldehyd  liberation  completely. 
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The  liberated  formaldehyd  exerts  a  more  or  less  marked  antiseptic 
effect.  The  concentration  is  rarely  sufficiently  high  to  cause  sensible 
irritation,  except  in  specially  susceptible  individuals.  It  never  causes 
systemic  poisoning,  even  with  very  large  doses. 

This  antiseptic  action  renders  the  drug  an  effective  prophylactic  and 
sometimes  curative  remedy  against  inflammations  and  suppurations  of 
the  genito-urinary  tract.  By  misconception,  it  has  also  b<een  used  in 
other  conditions,  where  it  is  doubtful  whether  effective  quantities  of 
formaldehyd  can  be  liberated:  In  typhoid  bacilluria,  infections  of  the 
bile-passages,  meninges,  respiratory  tract,  and  accessory  sinuses.  It  is 
the  most  effective  of  urinary  antiseptics,  provided  that  the  urine  is  acid. 
In  alkaline  urine  its  effects  are  slight,  and  in  ammoniacal  urine  it  is  inac- 
tive. The  tendency  to  gastric  and  vesical  iiritation  (painful  micturition, 
hematuria)  is  lessened  by  liberal  dilution. 

Historical. — The  substance  was  first  prepared  bv  Butlerow  in  x86o.  It  was  btro- 
duced  into  practice  as  a  urinary  antiseptic  by  Nicolaier,  1895  and  1899.  Ricfaardaoo, 
x8q8,  popularized  its  use  against  typhoid  bacilluria.  Crowe,  1908,  demonstimted  it 
in  bile  and  other  body-fiuids,  and  suggested  its  administration  in  this  connection. 

Formation  of  Formaldehyd. — ^The  reaction  between  ammonia  and  formaldehyd  is 
somewhat  reversible,  4NHa  +  6HCH0  ^  N<(CHO«i  +  6H»0.  In  watery  K^ution, 
the  reverse  reaction,  resulting  in  the  liberation  of  formaldehyd  occurs  veiy  slowly  in  the 
cold,  somewhat  more  readily  on  heating,  especially  in  the  presence  of  adds  (which  com- 
bine  with  the  ammonia).  It  increases  with  the  degree  of  acidity  (free  hydrogen  iras). 
Little  if  any  formaldehyd  is  liberated  in  neutral,  and  none  in  alkaline  liquids.  Id 
body-fluids  and  in  tissue-extracts,  the  liberation  proceeds  as  in  aqueous  stdatioos 
(Hanzlik  and  Collins,  1913).  Exact  estimations  of  the  proportion  of  free  formatdehjnl 
have  not  been  made  for  want  of  quantitative  methods  which  would  distinguish  between 
this  and  hexamethylenamin.  The  presence  of  free  ammonia  prevents  the  reaction,  and 
it  is  perhaps  also  diminished  by  the  presence  of  salts.  It  would  be  proportional  to  the 
concentration  of  the  hexamethylenamin. 

An  approximate  estimation  of  the  liberation  of  formaldehyd  was  made  by  JordUt 
191X.  Incubating  a  x:  1,000  hexamethylenamin  solution  at  body  tempentore  for 
twenty-four  hours,  he  found  that  the  concentration  of  free  formaldehyd  reaoied  i :  10,000 
if  the  reaction  was  slightly  acid;  1:200,000  if  neutral.  None  could  be  demonstnted 
with  alkaline  reaction.     Hanzlik,  1913,  found  similar  results. 

Absorption,  Distribution  and  Excretion  of  Hexame^ylenamin.— The 

absorption  from  the  alimentary  canal  is  rapid  and  complete:  The  excre- 
tion by  the  urine — the  main  channel  of  its  elimination — starts  within  clcvoi 
minutes  after  oral,  rectal  or  hypodermic  administration,  reaches  its  man- 
mum  in  one  to  three  hours,  and  practically  ceases  in  four  to  eight  houis, 
according  to  the  dose.  After  twelve  hours  only  very  small  amounts  arc 
excreted,  although  the  blood  may  contain  faint  traces  after  twenty-four 
hours  (Sollmann,  1908;  Crowe,  1908;  Burnam,  1912;  Falk  and  Sugiura, 
1916).  Approximately  the  same  time  relations  obtain  for  its  concentra- 
tion and  disappearance  from  the  other  secretions  and  tissues.  Its  dis- 
tribution is  universal,  since  it  has  been  demonstrated  in  all  parts  of  the 
body  in  which  it  was  sought.  By  far  the  greater  part  is  excreted  un- 
changed, only  a  small  fraction  being  converted  into  formaldehyd  in  the 
urine.     A  variable  proportion  is  completely  destroyed  in  the  body. 

The  Concentration  of  Hexamethylenamin. — This  depends  on  the  dose, 
the  time,  and  in  the  case  of  urine  at  least,  very  largely  on  the  ingestion  of 
fluid. 

1  The  following  structural  formula  has  been  suggested: 

/CH,  -  N  -  CH, 

N— CHi  -  N*  -  CHt 

\CHi  -  N  -  CHi 
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Quantitative  Excretion.^ The  total  recovered  in  the  urine  varies  from  w  to  So  per 
cent,  of  the  dose  adminUlred  <t  Gm.),  ihe  higher  Agures  corresponding  to  greater 
water  intake.  With  continued  administration,  three  times  daily,  the  concentration 
in  the  urine  ranged  from  i :  1,400  to  2,800  for  doses  of  0.67  Gm.;  between  t:  2,400  to 
14,000  for  0.33  Gm.  The  excretion  i»  diminished  in  renat  impermeability  (Fallc  and 
Sugiura,  19x6).  In  other  secretions  and  in  Ihe  tissues,  the  concentration  is  probably 
lower. 

Presence  of  Free  Formaldehyd  in  the  Tissues.^ — ^Tests  for  free  for- 
maldehyd  (as  distinguished  from  hexamethylenamin)  have  been  applied 
only  by  a  few  investigators.  It  could  occur  only  in  situations  where  there 
is  free  acid;  i.e.,  normally  only  in  the  gastric  juice  and  urine.  Accordingly, 
the  results  with  other  normal  fluids  have  been  uniformly  negative  (milk, 
Schmid  and  Schroeter;  saliva,  Hanzlik;  bile,  cerebro-spinal  fluid  and 
sputum,  Burnam,  1912;  various  situations,  McGuigan,  1912).  It  is  con- 
ceivable, however,  that  acid  reaction  may  obtain  strictly  locally  in  other 
situations  under  pathologic  conditions.  Indications  of  this  were  found 
by  Hanzlik  and  Collins,  1913.  However,  the  formaldehyd  liberation 
was  so  small  as  to  be  ineffective  (Hanzlik,  1914;  Hyman,  1914). 

Presence  of  Free  Formaldehyd  in  the  Urine. — The  amount  of  formal- 
dehyd liberated  depends  upon  the  acidity,  the  concentration,  the  time  of 
standing,  and  perhaps  on  other  unknown  conditions.  The  liberation  may 
occur  in  the  kidney  (Burnam)  and  increases  in  the  bladder  (Sollmann; 
Hinman,  1913).  Burnam  found  it  often  absent  with  small  doses,  but 
believes  that  with  larger  doses  the  concentration  of  free  formaldehyd  may 
exceed  1:5,000.  Smith  found  that  0.5  Gm.  always  gave  formaldehyd  in 
acid  urines,  while  0,3  Gm.  was  inconstant.  Alkaline  urines  do  not  liberate 
formaldehyd;  but  the  formaldehyd  liberated  in  the  acid  kidney  may  per- 
sist for  a  short  time  in  the  alkaline  bladder.  Kidney  disease  does  not 
modify  the  liberation  (Hinman). 

L'Esperance  and  H.  Cabot,  iqi^,  found  free  formaldehj'd  in  about  half  the  hexa- 
melhylenamin  urines  examined.  They  ticlieve  that  the  liberation  is  not  a0ccted  by  the 
dosAge  or  by  the  reaction  of  the  urine.  This  conclusion  can  only  have  been  based  on 
fault)'  methods  of  estimating  the  acidity;  for  G.  G.  Smith.  IQ13,  and  Hanzlik  and 
Collins  sliowed  definitely  that  all  add  urines  liberate  formaldehyd.  Smith  and 
Jennet,  loi .^  also  found  it  in  about  half  the  cases. 

ConcentratioD  of  Formaldehyd  in  Urine. — With  the  present  rather  unreliable 
methods,  Hinman,  iqi.i,  claims  that  this  is  below  1:40,000  in  half  the  cases;  1:16,000 
in  Js  P*r  cent.;  and  over  i :  7,000  in  2  per  cent,  of  the  urines. 

Antiseptic  Action. — UexamethyUnamin  itself  is  not  at  all  antiseptic,  if 
the  liberation  of  formaldehyd  is  prevented  by  alkalies  (Hanzlik,  1913). 
A  concentration  of  5  per  cent,  is  required  to  check  the  growth  of  Staphy- 
lococcus in  neutral  broth  cultures;  and  this  may  be  attributed  to  the  free, 
formaldehyd  (Jordan).  The  antiseptic  action  is  always  parallel  to  the 
concentration  of  free  formaldehyd  (Hanzlik  and  Collins).  Formaldehyd 
in  concentration  of  i :  50,000  to  .^0,000  has  a  distinct  though  limited  anti- 
septic effect  (Mosso  and  Paleotti). 

Antiseptic  Effects  after  Administraihn. — These  are  cspedaOy  marked  in  add  urines, 
as  mijiht  be  expected.  However,  Crowe,  igo8.  claims  that  the  administration  of  5 
Gm.  iwT  day  also  renders  the  bile  and  other  Iwdy-fluld*  antiseptic.  Exact  observaU'ons 
have  not  confirmed  this  (Hanzlik  and  Collins),  and  the  idea  of  produdng  a  "  tissue- 
antisepsis"  by  its  use  must  be  abandoned. 

Therapeutic  Use  as  Urinary  Antiseptic. — Hexamethylenamin  is  by 
far  the  most  effective  urinary  anris^*ptic,  provided  that  the  reaction  of 
the  urine  h  acid.     In  neutral  or  alkaline  urine,  its  efficiency  is  practically 
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nil  (Jordan,  191 1).  In  ammoniacal  urines  it  would  be  useless.  It  woul 
therefore  be  especially  valuable  as  a  prophylactic,/./.,  in  catheterizati 
(Hinman,  1915).  It  has  also  been  advised  to  prevent  the  spread  of  ly 
phoid  bacilli  (Richardson,  1898);  but  its  efficiency  is  doubtful.  It  may 
be  used  in  inflammation  or  suppuration  of  the  renal  pelvis,  bladder  co^ 
urethra.  The  dosage  should  be  from  0.25  to  0.5  Gm.  (4  to  8  gr.)  in  half 
a  glass  of  water,  four  or  five  times  a  day.  Burnam,  1912,  recommendl 
increasing  the  dosage  until  free  formaldehyd  appears  in  the  urine.  In 
typhoid  fever,  the  same  dosage  would  be  employed  continuously,  from 
the  time  when  the  diagnosis  is  made.  If  the  urine  is  alkaline,  acid  sodium 
phosphate  (NaHjP04)  should  be  administered,  1  to  2  Gra.  everj-  one  (0 
four  hours,  until  the  urine  is  acid.     This  often  causes  diarrhea. 

Acidulation  of  Urine. — The  official  sodium  phosphate,  NasHPOi,  (^ocs  not  alter  the 
reaction  of  the  urine.  The  acid  salt  may  be  prepared  extemporaneously:  f.e.  Socfii 
Phosphat.,  U.S. P.,  10  Gm.;  \c.  Phosphor.  Dil.,  25  c c;  Water,  ad  750  c.c.  A  Uhk- 
spoon  represents  about  x  Gm.  of  add  phosphate.  It  should  be  diluted  in  a  tumbirr 
of  water.  Benzoales  have  a  tendency  to  render  the  urine  acid  (Jordan,  1913);  al» 
l)oric  acid,  a  Gm.  daily  (G.  G.  Smith,  1013). 

Relative  Value  of  Other  Urinary  Antiseptics. — Using  the  ordinao'  therapeutic  do«* 
in  a  normal  subject,  Sollmann,  11)05,  f^ound  that  urinary  decomposition  was  prevented. 
at  incubator  temperature,  with  hexamcthylcnamin,  for  three  days  to  three  wceki;ahcr 
salicylates  for  a  day;  benzoate,  phenolsulphonate  and  boric  acid  had  no  discemibJf 
effect.  Churchman,  IQ06,  concludes  that  hexamethylenamin  surpasses  methylene  blue 
Jordan,  iqii,  found  it  much  superior  to  salicylic  acid  and  sanfal  oil.  The  difference 
IS  of  course  most  marked  in  acia  urines,  although  this  increases  the  efficiency  of  ill  iIk 
antiseptics.  The  greatest  effect  of  Santal  oil  was  on  Staphylococcus.  He  found  boric 
acid  the  best  antiseptic  for  alkaline  urines  (1013). 

Solvent  Action  on  Uric  Acid. — He.\amethvk'namin  has  been  proposed  as  a  remedy 
for  gout  and  urate  calculism.  U,  as  well  as'^ormaldehyd,  dissolves  uric  acid,  with  (^ 
formation  of  a  series  of  paired  compounds  (Nicolaicr,  igo6).  However,  the  solvrol 
action  is  really  very  slight  (Stevens  and  May,  jgxi),  and  the  experimental  and  diflial 
results  have  been  disappointing  (Kanzlik,  1916). 

Haskins,  1Q15,  found  that  the  administration  of  hcxumcthylcnamin  in  doses  of  1 
to  3  Gm.  does  not  confer  any  solvent  action  on  the  urine.  Doses  of  4  Gm.  made  the 
urine  distinctly  more  solvent;  but  eoual  results  are  secured  by  making  the  urine  sUgblly 
alkaline  (p.  H.  =>  7.1  to  7.4)  as  may  ae  easily  done  by  administering  sodium  bicarbonate 
or  acetate.  These  results  were  also  confirmed  by  adding  hexamethylenarain  directly 
to  water,  urine  and  phosphate  mixtures. 

Antiseptic  Action  on  Bile. — Crowe,  1908,  claimed  that  the  administra- 
tion of  at  least  5  Gm.  (75  gr.)  per  day  renders  the  biJe  unsuitable  for  the 
growth  of  bacteria,  and  completely  antiseptic  to  typhoid  bacilli.  It  was 
therefore  advised  as  a  prophylactic  against  biliary  infection  after  opera- 
tion on  the  gall-bladder  or  ducts.  Recent  observations  (Burnam,  Hanj!- 
likl  have  not  confirmed  these  claim.s,  and  it  maybe  concluded  that  there 
is  ordinarily  no  antiseptic  effect  on  the  bile. 

Meningeal  Infections.— The  excretion  of  hexamcthylcnamin  into  the  cerebro- 
spinal fluid  (Crowe,  1008;  it  reaches  the  concentration  of  1:20,000  even  after  a  sinjrft 
oose  of  I  Gm  ,  Hald,  iqii]  was  claimed  by  Crowe,  1008,  to  restrain  the  developmr^t 
of  bacteria,  although  the  concentration  is  not  sufficient  for  disinfection.  Clinically, 
early  and  large  doses  were  said  to  afford  at  least  a  considerable  degree  of  protection 
against  infective  diseases  of  the  meninges  (poliomyelitis,  Flexner  and  Clark,  iqii)'. 
epidemic  and  postoperative  meningitis  (Crowe,  igraX  etc.  Here  again,  the  leanl 
exact  observations  are  negative  finfantile  paralysis,  Fraser,  1914).  Usener,  iqij,  daim.* 
that  diminished  excretion  into  the  cerebro-spinal  fluid  is  diagnostic  of  tubercuW 
meningitis. 

Administration  for  Systemic  Disinfection. — To  obtain  the  claimed  eifects  on  the 
bile,  meninges  or  reypiralory  passages,  relatively  large  doses  were  cmploj-ed*  it 
least  I  Gm.  (15  gr.)  in  a  glass  of  water,  five  limes  per  day;  in  meningeal  infections  evrfl 
to  30  Gm.  per  day.    The  dosage  should  be  reduced  if  irritant  effects  arc  noted.    The 
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iifttradon  of  sodium  acetate  or  citrate  would  probably  lessen  the  liability  to  urinary 
irritation,  without  hindering  any  systemic  antisepsis.  Crowe,  191  i,  advocated  the 
addition  of  H  per  cent,  of  the  drug  to  all  liquids  taken;  or  in  very  ill  patients,  the  rectal 
iojectioa,  a  drop  at  a  time,  of  a  liter  o(  saline  solution  containing  i  to  6  dm.  of  the  drug. 

BSiddle  Ear. — The  excretion  of  hexamethylenamin  in  this  situation  was  demon- 
strated by  Barton,  1910;  it  appeared  to  cut  short  suppurative  infection.  It  was  there- 
fore recommended  as  a  prophylactic  in  scarlet  fever,  etc.  Similarly,  it  was  claimed 
to  be  useful  against  acute  and  chronic  sinus  infections  (Burton,  1910);  and  in  coryta 
(A.  Miller,  iqii),  bronchitis  (Vanderhoff,  1913)  and  iniluenza  (Eiscnberg,  1912),  and 
even  as  a  puLraonary  disinfectant  (Zak,  1912).  The  observations  of  Shattuck,  xgii, 
on  pneumococcus  empyema  were  negative,  although  hexamethylenamin  was  present 
in  tne  pus.     Crowe,  1Q13.  doubts  its  efficiency  in  lobar  pneumonia  and  in  tuberculosis. 

Excretion  in  Eye. — Gr:idle,  191 1,  found  it  in  the  anterior  chamber,  its  excretion 
being  hastened  by  mydriatics;  however,  its  concentration  is  not  sufficient  to  be  anti- 
septic. (Witham,  1913,  thinks  that  there  is  a  slight  antiseptic  action.)  In  cats 
RemcU',  1916,  found  it  in  the  aqueous  humor  shortly  aiter  the  intravenous  injection 
of  2  Gm.  He  also  claims  that  tiuces  of  formaldehyd  are  present  within  one-half  hour 
and  pcrast  for  nineteen  hours.  I 

Excretion  in  Milk. — This  was  announced  by  Bucura,  1905,  and  contirmed  by  Crowe, 
190?,  Woldewijn,  1910.  and  by  J.  Schmid  ana  Schrocter,  ipio,  who  found  no  free  for- 
maJdehyd.  Kculcr,  1912,  found  tliat  the  highest  concentration  was  reached  after  an 
hour,  but  that  this  was  not  sufficient  to  be  antiseptic. 

Excretion  in  Saliva. — This  contains  no  free  fomuddehyd,  but  only  the  unchanged 
drug.     The  excretion  reaches  its  maximum  in  half  an  hour  (HauxlikJ. 

TTndesirable  Efifects. — Hcxamclhylenamin  does  not  cause  any  sys- 
temic effects,  even  on  the  intravenous  or  hypodermic  injection  of  enor- 
mous doses  (Crowe,  1908;  Bumam,  191 2).  Nor  does  it  have  any  local 
action,  so  that  it  may  be  given  hypodermically  (Gundrum,  191 1)  or  in- 
jected into  the  bladder  in  50  per  cent,  solution  (Burnara).  with  praclicaUy 
no  irritation.  After  the  liberation  of  formaldehyd,  this  becomes  irritant, 
but  only  with  large  doses  and  in  specially  susceptible  individuals.  This 
causes  painful  micturition  and  eventually  cystitis  and  hematuria.  In 
Crowe's  cases  the  hemorrhage  was  from  the  bladder.  The  kidneys  may 
probably  also  be  irritated.  The  cystoscope  shows  hemorrhagic  cystitis; 
and  post-mortem  e.xamination  also  hy-peremia  of  the  pelvis  (D.  L.  Simon, 
1914).  I.  A.  Abl,  191 7,  believes  that  its  use  has  caused  severe  and  fatal 
nephritis;  this  requires  confirmation.  Other  occasional  sj-inptoms  (Cole- 
man, 1903)  are:  rubeolar  skin  rashes,  catarrhs  of  various  mucosae,  and 
digestive  disturbances.  These  irritant  effects  are  quite  exceptional  if  the 
drug  is  given  in  sufficient  dilution.  They  disappear  promptly  and  without 
any  permanent  damage,  if  it  is  discontinued. 

In  dogs.  Wiggs,  1 9 10,  obtained  marked  nephritis  from  relatively  small  doses. 
Rabbits  snow  hematuria  only  with  8  Gm.  per  day  (D.  L.  Simon,  1914)-  In  guinea 
pigs,  hypodermic  injections  (Frothinsham,  1909}  produce  local  necrosis,  and  gastric 
rongestion  hemorrhage  and  ulceration. 

Intravenous  injection  is  practically  no  more  harmful  than  oral  administration. 
L^eperand  Gro&didier,  1918,  prefer  the  intravenous  route  for  therapeutic  administration 
(for  man,  t.5  tn  2  gm.  :is  25  per  cent,  solution).  This  has  little  justification,  in  view 
of  tbc  ready  absorption. 

Incompatibilities. — Hexamethylenamin  is  a  fairly  strong  base,  gradu- 
ally displacing  ammonia  from  its  salts.  It  is  decomposed  by  adds  (even 
acctyl-salicylic  acid)  and  by  acid  salts  with  the  liberation  of  the  irritant 
formaldehyd.     It  is  also  incompatible  with  tannin,  mercuric  chlorid  and 

fizing  agents  (J.A.M-A.,^Feb.  8,  1913,  p.  465). 
PSEPARATION-S^nEXAMEnrVLENABON 

^HexamtJkylrHamina  (Hexam.),  U.S. P.;  Hexamin^t,  B  P.  fHcxamethylcntctramin), 
, — It  was  introduced  as  tirotropin  and  is  also  marketed  under  other  numerous 
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and  confusing  trade  names.  These  commercial  brands  are  In  no  way  si4>enor  to  the 
official  substance  (Base,  1907).  It  occurs  as  colorless,  lustrous,  odorless  ciystals,  of 
sweet,  then  bitter  taste.  Solutions  react  alkaline  to  litmus.  It  is  freely  sol.  in  water 
(1:1.5),  and  ale.  (i:io).    Dose^  0.25  Gm.,  4  gr.,  U.S.P.;  0.3  to  i  Gm.,  5  to  15  gr.,  B.P. 

Hexamethyienamin  Salts. — A  number  of  these  are  described  in  N.N.R.  but  they  hsye 
no  serious  advantage.  Boruttau,  19x4,  claims  that  the  urinary  antiseptic  action  is 
somewhat  greater  with  hexamethylen  salicylate  or  camphorate;  and  that  the  urate 
solvency  is  nigher  with  the  citrate,  borate  or  sulphosalicylate. 

Jacobs  and  Heildelberg,  19x5,  report  experiments  with  some  quaternary  deriva- 
tives that  appear  promising.  The  activity  of  these  does  not  seem  to  depend  on  the 
liberation  of  lonualdehyd,  so  that  they  are  not  inhibited  by  protein  and  do  not  require 
add. 

CHLORIK  ANTISBPTICS 

General  Statement. — Strong  and  prompt  germicidal  effects  are  pro- 
duced by  chlorin  as  gas  or  in  solution,  and  by  substances  capable  of  yielding 
''active "  chlorin,  such  as  the  hypochlorites  and  chloramins  (t.e.,  compounds 
containing  NCI  groups).  However,  they  attack  all  organic  matter,  and 
are  thus  likely  to  be  corrosive  and  to  become  inactive.  These  objections 
can  be  overcome  by  proper  technic  and  selection  of  the  preparations.  They 
have  been  greatly  developed  in  the  war,  and  the  importance  of  this  groiq) 
has  correspondingly  increased. 

Mechanism  of  Action. — Chlorin  itself  acts  partly  by  oxidation,' partly 
by  the  chlorination  of  the  organic  matter.  With  the  hypochlorites  the 
chlorination  appears  to  be  the  chief  element.  It  is  supp<^ed  to  occur  in 
the  amino-acid  groups  of  the  proteins,  yielding  chloramins. 

H  H 

I  I 

R— C— CO  becomes  R— C— CO 

I  ! 

NH  NCI 

The  chlorin  of  the  chloramins  is  still  "active"  (».«.,  capable  <rflibff- 
ating  iodin  from  iodids),  and  is  probably  capable  of  effecting  furtha 
chlorination.  In  any  case,  the  chloramins  are  themselves  directly  genm* 
cidal,  often  more  so  than  the  corresponding  amount  of  chlorin  in  the  fonn 
of  h\-pochlorite  (Dakin,  1916).    Toxins  are  also  destroyed. 

Htstorkal. — A  re\*iew  of  the  use  of  hypochlorites  is  given  by  Dakin,  1915. 
^"^       Hypoiodites. — These  are  not  germicidal,  ^ce  they  do  not  react  with  proteios. 
^^  Chlorinated  Lime.— (Bleaching  powder). — This  is  quite  irritant,  and  thercf cue  so' 

^^      well  adapted  to  application  to  the  tissuesibut  is  used  largely  as  disinfectant  for  ei!Citts> 
High  dilutions  are  emplo>'ed  to  sterilize  water,  especially  for  temorary  emergencies. 

Toxicology. — When  swallowed,  bleaching  powder  produces  gastro-intestiDal  init>' 
tion.    The  treatment  would  be  by  e\*acuation  and  demulcents. 

Disimffitiom  of  Excreta. — Six  ounces  of  chlorinated  lime  are  mixed  with  agaQo>^^ 
water;  a  quart  of  this  is  added  to  each  discharge  and  allowed  to  stand  an  hour. 

St^riiiZiJiion  of  \y<Ucr. — Five  to  15  pounds  of  chlorinated  lime  are  used  per  miffio' 
callond  according  to  the  impurities  and  other  conditions.  This  imparts  a  sSght  tiste. 
but  no  other  bad  effects  have  been  demonstrated.  On  a  small  scale  a  lerd  teaspoooNj 
is  rubbed  with  4  cups  of  n-ater  and  a  teaspoon  of  this  solution  is  added  to  3  gtOons  d 
the  drinkins:  water,  and  left  for  at  least  ten  minutes. 

F>:r  Sn^ke  Bi:€s,  lo  c.c.  of  a  i  per  crnt.  solution  b  injected  hypodennicaUy  ■ho*'' 
the  wound  .Calmette.  1007^. 

F^  tiu  dtitHfWiioH  of  ikf  hands,  these  are  moistened  and  rubbed  with  a  Uttk  drf 
chlorinated  lime  and  washing-soda. 

Labarraqne's  sohxtioo  is  used  as  a  deodorant  on  fetid  mlcerSy  being  dibited  loor^ 
tidies.  CMorinated  lime  itself  has  been  used  on  wounds;  3  tafaks^oons  ol  the  oo«- 
pouad  bei  ng  diseolved  in  a  t>asin  of  warm  water  and  used  asa  lotkm,  twice  daily.  (Moen 
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I&Uraally,  it  has  been  tried  as  a  gastro-lntestinal  antiseptic,  but  would  be 
II  the  presence  of  organic  matter.     Liq.  Chlori  Co.  is  employed  as  a  gnrgU  in 

0  of  the  throat,  being  diluted  with  6  or  8  parts  of  water. 

gical  Solutions  of  Hypochlorites,— (Dakin's  Solution,  etc). — Exten- 
perience  in  the  war  has  shown  that  the  continuous  saturation  of 
{  with  dilute  hypochlorite  solutions  practically  abolishes  sepsis, 
(s  dead  tissue,  and  promotes  healing.  To  be  effective,  the  solutions 
0ntain  between  0.43  and  0.48  jx*r  cent,  of  available  chlorin,  corre- 
ig  to  0.45  to  0,5  per  cent,  of  NaOCl.  Higher  percentages  are  too 
j^  Free  caustic  alkali  must  also  be  avoided.  The  solutions  must 
^ed  and  titrated  with  great  care. 

1^  skin  must  be  protected  by  petrolatum  gauze,  since  it  is  often 
even  by  the  correct  solution, 
[resne*s  formula  is  now  generally  employed.     It  is  made  by  treat- 
•inated  lime  with  a  mixture  of  sodium  carbonate  and  bicarbonate 
in  N.N.R.). 

Ider  formulas  (for  instance  "Eusol")  employed  boric  add.     Magnesium  hypo- 
urged  by  C.  Mayer,  1916. 

rui."  a  (Jr>-  mixture  of  equal  parts  of  chlorinated  lime  and  Iwric  acid  has  been 
dusting  powder  (Lorain  Smith,  et  al.  1915).     It  is  apt  to  be  irritant. 
^Uy. — The  reaction  of  the  Daufrcsnc  solution  is  not  strictly  neutral.     The 
nicentration  should  be  between  q  and  xo  i.e.,  somewhat  more  alkaline  than 
bicarbonate  (Cullen  and  .\ustin,  igiS).     Solutions  of  higher  or  lower  alkalinity 

1  more  irritant  (Cullen  and  Taylor,  1918;  rabbit's  ear). 

W  Action, — HyjxKhloritc  solution  is  markedly  solvent  for  necrotic  tissues, 
in  the  reaction  is  strictly  neutral  (Taylor  and  Austin,  igi?).     This  helps  to 
tcr  access  to  the  bacteria.     At  best,  however,  the  action  is  superficial  and 
I  tissue  must  be  promptly  excised, 
tsmin  and  Dichloramin  T  are  without  solvent  action  (Taylor  and  Austin, 

h  Tissues. — There  is  also  a  fibrinsolvcnt  action  on  Lixdng  tissue  cultures  fLamb- 
5).  However,  the  injury  to  the  phagocytes  and  other  living  cells  is  distinctly 
JBs  than  with  most  antiseptics. 

Htm. — Silk  ligatures  arc  soluble  in  hypochlorite,  and  can  therefore  not  be  used 
Catgut  ligatures  tend  to  slip,  and  thus  incline  to  secondary  hemorrhage  (K. 

Egrets  from  Serous  Cavities. — Intraperitoneal  injection  produces  cxperi- 
imarked  irritation,  corrosion,  collapse  and  death. 
*nous  injection  is  relatively  less  to.uc;  but  larger  doses  cause  laking  and  delay 
Ltion  time  (Mann  and  Crumley,  1918),  The  hypochlorite  is  rapidly  des- 
Ihe  blood  serum,  which  partly  accounts  for  the  low  toxicity  (Dakin,  1916). 
Coagulation. — The  addition  of  Dakin's  solution  to  blood  (1:10)  prevents 
>y  interfering  with  the  thrombin.  Clotting  occurs  if  tissue  extract  is  added, 
interference  would  not  be  important  in  wounds  (Gitbens  and  Meltccr,  X918J. 

amin  T. — Sodium  Para-Toluene  Sidphochlorami4  (N.N.R.)  also 
thlorazcne,  Tolamint  (CHaCeH^-SOflNarNXl-f-iH,).— This  may  be 
used  in  place  of  Dakin's  solution  and  has  the  advantage 
that  its  watery  solutions  are  practicaHy  stable.     In  equi- 
molecular  solution  it  is  about  four  times  as  germicidal  as 
NaClO.     This   may  perhaps  be  explained   by  less  side- 
reactions  with  non-bacteria!  proteins.     Weight  for  weight, 
iNCI    the  germicidal  power  is  about  the  same.     It  is  less  irritat- 
ing and  has  but  little  solvent  action  on  necrosed  tissue. 
X>mposed  by  oils. 

\ii0n. — 1 1  is  employed  in  wounds  as  1  to  a  per  cent,  solution,  by  the  saturation 
^'  paste"  of  I  per  cent,  of  the  drug  in  5  per  cent,  sodium  stearate  is  mildly 
and  b  used  to  prevent  re-infection  of  wounds. 
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Strengths  of  solutions  for  eye,  o.x  per  cent.;  nose  and  throat,  o.a  per  cent.;  bladder 
and  urethra,  0.25  per  cent.  (Dakin,  19x6;  Eicher,  19x7). 

Dichloramin  T  (Toluene  parasulphondichloraznin,  N.N.R.)-    This  is 
much  more  germicidal  than  chloramin  T.     Only  traces  dis- 
CH3  solve  in  water,  but  it  is  readily  soluble  in  most  organic  sol- 

vents and  oils,  sparingly  in  paraffin  and  petrolatum.  When 
such  solutions  are  applied  to  the  tissues,  they  give  up  the 
drug  very  slowly  and  thus  exert  a  continuous  antiseptic  action, 
SO2NCI2  until  all  of  the  dichloramin  T  has  been  used  up.  A  single 
application  therefore  lasts  for  hours,  or  even  a  day,  accord- 
ing to  the  strength  of  the  solution  (Dakin,  Estell,  etc.,  191 7). 

The  results  are  about  as  good  as  with  Dakin's  solution;  whilst  the 
application  is  much  more  convenient.  There  is  but  little  irritation  of 
the  skin.  Catgut  is  not  affected,  so  that  the  danger  of  secondary  hemor- 
rhage is  avoided  (F.  Rosengarten,  191 7;  Lee  and  Fumess,  1918). 

On  the  other  hand,  the  solution  causes  rather  painful  though  short 
smarting  of  sensitive  wounds;  is  more  or  less  irritant  to  granulations;  and 
is  said  to  retard  epitheliation;  the  dressings  adhere  to  the  wound,  causing 
mechanical  injury  (Morrison  et  al,  1918). 

The  solvent  action  on  dead  tissue  is  less  marked  than  with  Dakin's 
solution  (Taylor  and  Austin,  1917).  However,  Dakin's  solution  and 
Chloramin  tend  somewhat  to  prolong  capillary  hemorrhage  (Hanzlik, 
1918). 

Application  to  the  peritoneum  produces  inflammation  (Reismann  and 
Magoun,  1918).  Injection  into  the  gall-bladder  is  followed  by  induration. 
Introduction  into  the  pleura  is  followed  by  rapid  death  (reflex?)  (Grey, 
1918). 

Application, — ^The  dichloramin  T  is  generally  applied  as  solution  la 
" chlorcosane "  (N.N.R,),  a  paraffin  liquefied  by  chlorination.  (Chlori- 
nated eucalyptol  was  used  at  first.)  These  solutions  deteriorate  rather 
rapidly,  but  retain  considerable  activity  for  a  week  or  longer. 

The  usual  concentrations  are:  for  open  wounds  2  to  10  ^r  cent.:  steriUxatioQ  of  ^ 
nasopharynx,  2  per  cent,  spray  for  fifteen  minutes,  several  times  daily  (Dakin  and  DqB' 
ham,  19x7);  for  eye-infedtonsy  0.5  to  x  per  cent,  every  four  hours  (Green  and  Gnen, 
1918). 

Contact  with  yellow  petrolatum  destroys  dichloramin  T  very  rapidly.  A  psii^ 
ointment  (Surgical  paramn,  3;  liquid  ^trolatum,  7)  is  very  much  less  destructive,  tna 
may  be  used  as  a  covering,  espeaally  in  burns,  to  prevent  adhesion  of  dressings  to  the 
wound  (Sollmann,  1919). 

Solvents  for  Dichloramin  T. — These  are  discussed  by  Hessler,  1918. 

Halozone. — Para-sulphon-dichloramino-benzaic  Acid. — This  was  introduced  b>^ 
Dakin  and  Dunham,  1917,  for  the  extemporaneous  purification  of  drinking  water  C^ 
mg.  per  liter).     It  sterilizes  in  about  30  minutes,  and  has  very  little  taste. 

»         PREPARATIONS — CHLORIN 

*Calx  chlorinaia  (Calx  Chlorin),  U.S.P.,  B.P.;  Chlorinated  Lime  (Chlorid  of  Une^ 
Bleaching  Powder), — A  product  resulting  from  the  action  of  chlorin  upon  caldom  Iff- 
droxid  and  containing  30  per  cent,  of  available  chlorin.  Consists  mainly  of  a  mixtuieoT' 
weak  compound  of  calcium  hypochlorite  and  calcium  chlorid.  It  occurs  as  a  grs][i^^ 
white  granular  powder  of  chlorin  odor  and  repulsive  salty  taste.  It  is  only  parotfil^ 
sol.  in  water  or  ale.  _ 

Liq.  Colds  Chlorin.,  B.P. — 10  per  cent,  of  Calx  Chlorin,  representing  3  per  cent  ot 
available  chlorin. 

*Liquor  Soda  chlorinaia  dXq.  Sod.  Chlorin),  U.S.P.,  B.P.  (Labarraque's  SotatiMJ. 
— 2.5  per  cent,  of  available  chlorin.  Made  by  decomposing  Calx  Chlorin.  with  Soo- 
Carb, 
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Ja9eiU  Water  is  a  similar  preparation  of  chlorinated  potash. 

^Surgical  Sohttion  of  Cklorinatf4  Soda,  S.N.R. — Carrel-Uakin  Solution;  Daufresnc 
olution. — See  text. 

•Chloramin  T,  N.N.R.— Sec  text. 

•Dichloramin  T.  N.N. R.— Sec  text. 

Halaron,  N.N. R.— See  text. 

•ChJorcosane,  N.N.R. — .\  chlorinated  paraffin,  used  as  a  solvent  for  Dichloramin 
'.  Its  chlorin  is  not  "active"  nor  antiseptic,  but  serves  merely  to  protect  the 
ichloramin  T. 


K 


SULPHUR  DIOXID  (SULPHUROUS  ACID) 


lis  was  formerly  used  extensively  for  the  disinfection  of  rooms,  but 
1  not  reliable  against  bacteria  (Koch),  and  has  the  objection  of  bleach- 
ig  colors.  However,  it  is  effective  against  insects  (McCUntock,  etc., 
Sjii),  and  therefore  against  insect-bome  diseases,  malaria,  yellow  fever, 

tc. 

It  is  generated  by  burning  3  piounda  of  sulphur  for  each  t.ooo  cubic  feet  of  space. 
o  avoid  danger  of  fire,  the  sulphur  is  placed  in  tin  pans  raised  from  the  6oor  by  bricks. 
'S  action  is  materially  greater  when  tlie  air  ts  saturated  with  moisture. 

Toxic  Effects. — These  arise  from  its  use  in  disinfecting  and  bleaching.  Large  quan- 
des  occur  also  in  coal  smoke,  and  become  particularly  objectionable  in  fogg>'  weather. 
i  is  eventually  oxidi/rd  in  the  air  to  sulphuric  acid  (T.  W.  Schaefer,  1^07).  Its 
ihalation  produces  irritation  of  the  respiratory  passages,  etc.  and  extreme  discomfort 
k  dilutions  of  o.ooi  per  cent,  by  volume;  and  o.  i  per  cent,  is  promptly  fatal  by  paralysis 
E  the  respiratory  center  (Ogata,  1884;  K..  B.  Letunann,  1893). 


PREPARATIONS — SULPHUROUS    ACID 


Acidum  Sulpkurosum  (Acid.  Sulphuros),  B.P. — An  aqueous 
S  per  cent,  of  SOi.     Dose,  3  to  4  c.c,  Vg  to  i  dram,  B.P. 


solution  correspoDding 
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SODIUM  SULPHITE  AND  XmOSULPHATE  (HYPOSULPHITE) 


tese  are  rarely  used  in  medicine,  as  mouth  wash  in  aphtha?,  and  as 
o  per  cent,  lotion  in  ringworm  and  other  parasitic  skin  diseases  (pity- 
tasb  versicolor).  The  thiosulphate  is  the  more  powerful  and  is  some- 
Lmes  used  also  as  a  cathartic. 

The  principal  importance  of  the  sulphites  arises  from  their  use  in  prc- 
srving  foods.  The  quantities  ordinarily  used  do  not  seem  to  be  directly 
armful.  Even  much  larger  quantities  do  not  act  systemically,  being 
ipidly  oxidized  to  sulphates;  but  they  may  produce  local  gastric  irrita- 
<>n  by  the  liberation  of  sulphurous  acid.  Their  harm  is  mainly  indirect 
t  that  they  improve  the  odor  and  appearance  of  spoiled  meat  so  that  it 
'  sold  as  fresh.     They  are  therefore  properly  prohibited. 

Tozic  Effects. — The  harmlessness  of  ordinary  quantities  even  when  continued  for 
-r7long  periods  has  been  shown  particularly  by  Rest  and  his  co-workers  (igo4,  iqw) 
^by  Lehmaon  and  Trentiein,  ipog  (Long,  igii).  The  metabolism  is  not  deranged, 
^th  larger  doses  by  mouth,  there  are  signs  of  gastro-intestinal  irritation,  due  to  the 
Oration  of  sulphurous  acid  (Jacobj  and  Walbaum.  iqo6).  Kionka  and  Ebstcin,  IQ02, 
^4  Harrington,  1904,  described  hemorrhagic  and  inflammatory  lesions  in  the  kidneys 
Jd  other  organs  after  long-continuerl  u.%;  hut  these  have  not  been  confirmed  by  later 
^Hcrvers  and  were  probably  accidental.  The  absorbed  sulphite  is  rapidly  oxidized  to 
^phale  (Pfeiffer,  1883;  Rost  and  Sonntag,  1904)  and  it  is  only  when  this  capacity  is 
***eded  by  very  large  doses  or  intravenous  injection  that  toxic  effects  appear.  These 
*^er  the  blood  pressure,  depressing  the  central  nervous  system,  especially  the  medulla, 
**d  the  cardiac  and  arterial  muscle.  Death  occurs  by  paralysis  of  respiration  (Rost, 
^14).  In  man,  i  Gm.  produced  no  effects;  4  to  6  Gra.  caused  violent  colic,  diarrhea 
^d  circulatory  disturbances  (Rost;  Franz,  191a). 


6x8  MANUAL   OF  PHARMACOLOGY 

PREPARATIONS — SULPHITES 

Sodii  StUpkis,  B.P.;  Sodium  Sulphite,  NaiSO.  +  yHjO.— Freely  soL  in  water  (1:2). 
Dose,  0.3  to  1.3  Gm.,  5  to  30  gr.,  B.P.    Oxidizes  in  air  to  sulphate. 

Sod.  Sulpkis  Exsic.t  U.S.?.,  NaiSO,.— Freely  sol.  in  water  (1:3.3).  JDase,  i  Gm., 
IS  gr.,  U.S.P. 

Sodii  TMosulfhas  (Sod.  Thiosulph.),  U.S.P.  (Sodium  Hyposulphite)^  NatS^Oii 
sHiO. — Verysol.m  water  (1:0.5).  -Dwc,  i  Gm.,  15  gr.,  U.S.P.;  as  cathartic,  every  tiro 
hours  if  necessary  (Petteys). 

OXEDIZmG  AGBITTS 

OZONE 

This  is  a  polymeric  form  of  oxygen  (Os),  which  decomposes  very 
readily  with  the  liberation  of  active  oxygen.  It  is  therefore  strong^ 
oxidizing,  deodorant  and  antiseptic;  but  is  too  easily  destroyed  in  the  pres- 
ence of  organic  or  other  oxidizable  matter.  Efficient  concentrations  ait 
also  highly  irritant  and  produce  toxic  depressant  systemic  effects.  It  is 
being  used  for  the  sterilization  of  water.  Traces  of  ozone  are  contained 
in  the  air,  especially  after  thunder  storms,  but  the  quantity  is  much  too 
small  to  have  any  effect  whatever;  in  fact,  concentrations  far  beyond 
human  tolerance  are  of  uncertain  dlciency  (J.A.M.A.,  57:  1370,  1911). 
At  most,  its  persistent  presence  is  an  indicator  of  the  absence  of  oxganic 
matter  in  the  air.  The  odor  of  ozone  is  characteristic  and  disguises  other 
odors. 

Effects  of  Inhalation. — The  older  methods  of  preparing  ozone  developed  initant 
nitrogen  oxids.  The  modern  machines  are  free  from  tliis  defect.  B^  their  use,  con- 
centrations of  5  to  10  per  million,  inhaled  for  a  short  time,  produce  in  man  increued 
amplitude  of  the  pulse,  drowsiness,  and  persistent  headache — the  latter  probably  hj 
irritation  of  the  sinuses.  Ten  per  million  inhaled  for  fifteen  minutes  produces  son 
throat.  One  per  million  diminisnes  the  oxygen  intake  and  the  CO«  output.  PrtiMtt^ 
exposure  to  concentrations  below  x  per  million  does  not  produce  noticeable  disturbana; 
but  with  higher  concentrations  there  is  irritation  of  tne  re^iratory  tract  and  otba 
mucous  membranes,  leading  to  fatal  pulmonary  edema;  or  in  acute  toxic  concentratioiii 
to  initial  restlessness  followed  by  depression  and  coma  (Jordan  and  Carlson,  1913; 
Hill  and  Flack,  1911;  Sigmund,  1905;  DuMont,  i8qi).  Exposure  for  two  hours  to  10 
or  15  per  million  is  dangerous  to  life,  but  the  irritant  effects,  cough,  headache,  etc.,  pvc 
ample  warning  to  avoid  the  danger.  For  an  antiseptic  action,  at  least  13  per  milBoo 
would  be  necessary  (L.  Hill  and  Flack,  19x1).  The  air  contains  at  most  0.00015  to 
0.158  per  million.    Its  seasonal  occurrence  is  discussed  by  Holmes,  19x2. 

HYDROGEN  PEROXID 

The  peroxids  are  fairly  stable  in  pure  solutions,  hilt  O"  ^*^***''^rtjrit*' 
catalyzers,  inorganic  or  organic  (catalase),  tissues^  etc.,  they  split  off  ac- 
tive oxygen  and  are  therefore  strongly  antiseptic  and  deodorant.  Hi* 
action  lasts  only  so  long  as  oxygen  is  being  evolved,  and  is  therefore  brief 
and  superficial.  In  deep  and  closed  cavities,  the  rapid  evolution  of  gas 
presents  danger  of  mechanical  injury  and  embolism. 

Uses. — Hydrogen  peroxid  is  employed  for  washing  fetid  wounds  and 
ulcers;  as  injection  for  gonorrhea;  as  mouth  wash,  etc.  It  is  non*toxic 
and  scarcely  irritant,  but  is  best  diluted  with  2  to  10  parts  of  water.  A 
stronger  (30  per  cent.)  preparation  is  caustic.  In  contact  with  pus  it 
foams,  and  this  aids  mechanically  in  cleansing  the  wound.  Hydrogen 
peroxid  is  also  a  chemic  antidote  for  cyanid  and  phosphorus  poisoning- 
It  is  often  used  for  bleaching  the  hair  and  fabrics.  The  concentration  of 
0.35  per  cent,  (absolute)  in  milk  inhibits  the  development  of  pathogenic 
bacteria  (Budde,  1903)  but  it  also  destroys  the  ferments  of  milk  and  is  of 
questionable  utility  (Heinemann,  1913).  Sieber,  1901,  claims  that  it 
destroys  toxins.    The  germicidal  action  is  feeble  (Albert  and  Taylor,  1918)- 
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PhAgocTtosJi. — This  is  stimulated  in  vitro  by  bydroKcn  pcroxid;  whereas  free  oxygen 
Ecncrally  depressant  (H.  J.  Hamburger,  1915).     Potassium  chlorate  and  ferricyanid 
~  inactive. 


Btfd 


PREPARATIONS — FEROXJDS 


^TJ^uof  Hydrogenii  Dioxidi  (Liq.  Hydrog.  Diox.),  U.S.?.;  Liq.  Hydrog.  Perox,, 
P.;  Solution  of  HydroRcn  Dioirid  (Peroxid). — A  slightly  acid  aqueous  solution  of 
0|  (appro jdmately  3  per  cent.)  corresponding  to  about  10  per  cent,  (volumes)  of 
ailable  oxyWH.'  Stronger  solutions  are  also  marketed.  It  occurs  as  a  colorless  liquid, 
orless,  or  slightly  add  taste,  producing  a  peculiar  sensation  and  soapy  froth  in  the 
Julh.     It  keeps  best  in  bottles  stoppered  merely  with  a  plug  of  cotton,  and  standing 

a  cool  place.  It  is  incompatible  with  easily  oxidizable  substances.  It  decomposes 
uiuallv.  This  is  not  due  to  impurities  (Clover,  1913).  The  decomposition  is  retarded 
'  small  quantities  of  acid  or  acetanilid.  The  latter  i&  used  in  most  brands  (Kebler, 
iio),  but  in  lime  these  acquire  a  yellow  tint  and  an  odor  of  nitio-benzol,  and  should 
e&not  be  used.     Dose,  4  c.c.  i  ^ff"  U.S. P.;  j  to  8  c.c,  }^  to  3  drams,  B.P. 

"Solid  Feroxid"  consist*  of  easily  solu 
:  per  cent,  of  absolute  peroxid. 


[y  soluble  compounds  with  urea,  containing  about 


iSese 


PEROXIDS  OF  METALS 


may  be  conceived  as  compounds  in  which  t  he  H  of  HiO»  has  been  replaced  by 
etab,  and  which  arc  readily  decomposed  with  the  formation  of  HiOs  or  of  active  oxy- 
n.  They  have  been  suggested  as  substitutes  for  hydrogen  peroxid.  The  commercial 
oducts  are  usually  mixtures  containing  15  to  75  per  cent,  of  the  real  peroxid.  The 
mpounds  of  the  different  metals  vary  considerably  in  their  stability  and  solubility, 
d  m  the  case  with  which  their  solutions  are  decomposed.  Adds  convert  them  rapidly 
to  hydrogen  p«roxid,  /.i.,  MgO,  +  H1SO4  =  MgSO,  +  HiO».  In  this  way  the 
ygen  is  made  promptly  available.    Water  decomposes  them  more  slowly,  inversely 

their  solubility;  /.».,  ZnO,  +  UjO  =  Zn(OH)i  +  H,0:.  Their  action  is  therefore 
are  prolonged.  The  therapeutic  effect  is  also  modified  by  the  nature  of  the  base;  thus 
dium  peroxid  would  ^neld  a  solution  sufficiently  alkaline  to  be  caustic.     Magnesium 

rinc  peroxid  is  therefore  generally  preferred. 

Uses. — ^The  antiseptic  effects  are  utilized  in  skin  diseases  (ZnOi);  dentifrices  (MgO»): 
d  against  gastro-intcstinal  fermentation  (ZaOi).  These  compounds  are  described 
N.N.R. 

Sodinin  Perborate.^This  also  yields  hydrogen  peroxid  on  contact  with  water,  being 
iQsfonncd  into  metaborate  which  acts  as  a  mild  alkali,  NaBOi  +  HfO  —  Hid  + 
liBOf.  It  is  used  as  a  dusting  powder  or  2  per  cent.  soluBon,  as  a  substitute  for 
poxid.    The  substance  is  descnbed  in  N.N.R. 


ORGANIC  PEROXIDS 

These  were  introduced  by  Novy  and  Freer,  igoi.  Acetyl-benzoyl  peroxid  (Aceto- 
ne) and  sucdnic  dioxid  (Alphozone)  are  described  in  N.N.R.  They  may  be  considered 
HiOi  in  which  the  H  has  been  replaced  by  organic  radicals.  In  the  presence  of  water 
ey  are  slowly  hydrolyzcd,  forming  organic  per-acids,  with  vcr>'  active  oxidizing  and 
■rmiddal  properties, /.».  llic  acetyl  benzoyl  peroxid  decomposes  into  acetyl  pt-racid, 
etic  add.  and  the  insoluble  dibenzoyl  peroxid.  according  to  the  equation 
^H»COOOCOCH,  -f  H,0  -  C»HkCO  OO  COCOii  +  CH^CO,H  +  CH.CO  OOH. 

They  are  somewhat  used  as  local  and  intestinal  antiscntics,  but  are  of  doubtful 
QQeacy  for  the  latter  purpose.  They  should  not  be  mixed  \4'ith  organic  liquids,  nor 
pc  in  a  warm  place,  as  they  tend  to  explode.     They  arc  described  in  N,N.R. 


P  lODOXYBENZOIC   ACID 

,  This  has  a  strong  oxidizing  ac^on,  even  in  the  body,  and  is  therefore  of  considerable 
lentific  interest.  Loevcnhart  and  Grove,  igii,  have  investigated  the  sodium  Baits 
Ihe  three  compounds:  (i)  lodbcnzoic  acid,  CtHiCOiH-I. 

(1)  lodoaobcnzoic  add,  CiUrCOtHI  «  0- 

(5)  lodoiybcnroic  add,  C.H.COtH-l/^* 

(3)  and  (3)  have  a  metallic  taste,  resembling  hydrogen  peroxid,  presumably  due  to 
*  tctive  oxygen.  They  oxidize  hemoglobin  to  oxyhemoglobin.  (2)  is  irritating, 
)  and  (3)  very  mildly.  The  systemic  effects  were  studied  by  intravenous  injection. 
)  has  very  little  action.    The  oxygenated  compounds  (3)  and  (3)  produce  the  phe- 
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nomena  of  apnea :  marked  and  continued  fall  of  blood  pressure  by  depressioD  of  the  vaso- 
motor center;  brief  arrest  of  respiration,  also  by  depression  of  the  medullary  txattt. 
The  vagus  center  is  not  aflEected.  These  actions  are  due  to  the  active  ox^rgen.  (Tliii 
can  not  replace  ordinary  molecular  oxygen  for  maintaining  the  cardiac  activity; 
Loevenhart  and  Eyster,  1913.) 

Antiseptic  Action. — ^The  oxidizing  property  promises  an  antiseptic  effect,  perfaapt 
even  in  the  tissues,  since  it  is  not  inhibited  by  serum,  (a)  and  (3)  are  mucb  nuHt 
bactericidal  than  (x)  (Arkin,  1911).  lodoxybenzoate  increased  the  production  d 
antibodies  in  dogs  (Hektoen,  191  x);  also  the  production  of  hemolysin  and  a^utinin 
in  rabbits,  when  injected  intravenously  shortly  after  immunization.  It  stimulates 
phagocytosis  (Arkin,  ^9^s)-  ^^  injection  also  lessens  inflammation  b^  mustard  <A 
or  allergy,  whibt  this  15  increased  by  cyanid,  indicating  that  edema  is  lessened  by 
oxidation  and  increased  by  asphyxia  (Amberg  and  Knox,  191 2;  Amberg,  1913. 
lodosobenzoic  add  has  also  been  studied  by  Jahn,  1914).  It  reduces  the  toxicity  of 
tuberculin  in  vitro  (Arkin,  1916). 

POTASSIUM  PERMANGANATE 

In  the  presence  of  organic  matter,  this  splits  very  readily  into  Mo 
O2  (forming  a  brown  precipitate),  and  into  oxygen.  It  is  therefore  an 
effective  oxidizing  agent  and  disinfectant;  but  its  efficiency  is  limited  by 
any  excess  of  organic  matter.  Its  action  is  only  superficial,  and  it  is 
markedly  irritant.  It  is  used  as  an  antiseptic  for  mucous  membranes, 
especially  the  urethra  ( n  4,000  to  1 :  i  ,000) .  A  i :  5 ,000  solution  is  said  to 
be  a  satisfactory  anesthetic  for  introducing  urethral  sounds  (Barton,  1913). 
Beck,  1913,  recommends  it  againstburns(t:4,ooo  to  1:3,000  on  gauze  and 
as  lotion). 

It  is  an  antidote  to  organic  poisons,  especially  morphin,  hydrocyanic 
acid,  and  phosphorus  (1:1,000  to  1:500).  A  saturated  solution  maybe 
employed  for  disinfecting  the  hands,  the  color  being  removed  by  oxalic 
acid.    Large  doses  by  mouth  cause  death  by  gastroenteritis. 

In  snake-bite,  it  is  effective,  but  only  if  used  within  5  minutes  (x  per  cent,a|ipfied 
to  free  incisions  after  double  ligature,  if  possible;  Weidenmann,  19x5). 

PREPARATIONS — PERMANGANATE 

*Potassii  Pernuinganas  (Pot.  Permang.),  U.S.P.,  B.P.;  ICMnO^. — Sender,  diA 
pumle  prisms^  odorless;  astringent  taste.  Sol.  in  water  (x:i3.5);  decompoaed  by  «k 
ana  all  organic  matter;  explosive.  Dose,  0.06  Gm..  i  er..  U.S.P.;  0.06  to  0.2  60.^ 
I  to  3  gr.,B.P.;  diluted. 

Liq.  Pot.  Permang.,  B.P. — i  per  cent.    Dose,  7  to  15  c.c,  2  to  4  drams,  B.P. 

BORIC  ACID  AND  BORAX 

These  combine  a  fair  antiseptic  power  with  a  low  toxicity  to  hi^ 
animals.  They  are  also  less  irritant  than  most  other  antiseptics.  Bone 
acid  is  employed  in  surgery  as  dusting  powder,  as  saturated  (4  percent) 
aqueous  solution,  as  boroglycerite,  and  in  collyria  (i  to  2  per  cStTSTB^ 
acid  or  sodium  borate).  Boric  acid  is  a  mild  acidfand  increases  thead^ 
ity  of  the  urine;  borax  acts  as  a  weak  alkali.  It  dissolves  mucus,  Iwn^ 
the  urinary  acidity,  and  is  used  for  cleansing.  The  acid  and  alkali  char- 
acters are  very  weak.    The  borate  ion  has  no  other  therapeutic  uses. 

Use  as  Food  Preservative. — Boric  acid  and  borax  have  been  exten- 
sively employed  for  this  purpose.  Single  doses  are  generally  innocuous; 
but  their  continued  use  produces  slight  but  cumulative  effects,  so  that 
their  employment  is  not  advisable. 

Antiseptic  Efficiency. — Boric  acid  is  not  a  disinfectant.  Even  saturated  lohitioof 
do  not  kilf  bacteria,  but  solutions  of  0.3  per  cent,  check  putrefaction  and  deoompoa'tioo 
(but  not  the  growth  of  pathogenic  or^hisms,  Bernstein,  19x0). 
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itiseptic  efficiency  varies  for  different  bacterial  cultures.     It  begins  with  about 
.ted;  and  for  most  is  complete  with  about  }'^  saturated  (Tanner  and  Funk, 
Bonix  is  somewhat  less  emdent.    Their  popularity  as  food  preservatives  is 
tble  to  the  absence  of  disUncti\'e  odor  and  taste,  anil  to  their  relatively  low 
The  add  is  used  in  meats  in  the  concentration  of  0.5  per  cent.;  in  milk  of  0.2 
it. 

don. — The   question   of   their   toxidly   has   been   investigated  extensively.     It 

9  premised  that  boric  add  and  borax  behave  exactly  alike.     A  man  liNing  largely 

red  f«»od  may  ingest  us  much  as  oj  Gm.  of  boric  acid  (or  its  equivalent  in 

day;  the  consumption  would  generally  (all  below  ihis  figure,  but  could  rise 

grams.     All  investigators  agree  that  quantities  to  0.5  Gm.  have  no  immediate 

any  kind  in  healthy  individuals.     Wnen,  however,  tlic  consumption  is  con- 

tr  a  long  time,  quite  marked  effects  arc  produced  (Korster,   1883;  Heffter, 

1902;  Rost,  1902, 1Q03.  IQ05;  Wiley,  i^km).     The  digestion  becomes  somc- 

tbe  body  weight  lessens;  the  feces  become  more  watery  i[but  thcrcls 

larger  doses).     The  absorption  of  fat  and  of  nitrogen  is  somewhat 

The  urinarj*  nitrogen  is  slightly  decreased,  whilst  the  phosphates  rise 

;tly      The  quantity  of  urine  is  scarcely  altered.     If  a  slight  albuminuria  was 

t,  this  is  increased  ^Wiley).     Boric  acid  therefore  seems  to  have  a  at^^iUghg^ 

on  digestion  and  absorption,  metabolism,  and  the  kidneys.     The  cunrafenTC 

may  be  explained  by  the  obser\'ation  that  the  excretion  of  boric  acid  is  slow, 

ng  several  days.     CHowever,  it  begins  within  ten  minutes,  and  reaches  its  maxi- 

n  the  second  hour.)     On  the  average.  15  per  cent,  is  retained,  the  other  85  per 

Bing  excreted  mainly  by  the  urine,  to  a  slight  extent  by  sweat  and  milk,  and 

fcUy  none  by  the  feces  (Wilcyl.     The  excretion  is  not  hastened  by  diuresis 

1905).     Traces  occur  normally  in  milk  and  eggs  (Bcrtmnd  and  Agulhon,  1913). 

'effects  of  such  doses  a5  are  actually  consumed  would  therefore  not  be  ver>' 

.e\'en  if  the  consumption  of  preserved  food  were  continued  for  a  long  time. 

Vt  the  results  are  somewhat  deleterious,  even  in  normal  individuals;  and  they 

nobably  be  very  undesirable  in  patients  with  digestive  or  renal  disturbance. 

lewhat  larger  doses,  i  to  3  Gm.  per  day,  produce  the  described  effects  more 

And  more  se>'erely.     Headaches  appear.     With  5  Gm..  the  subject  soon  becomes 

fco  do  any  work.     Quantities  above  2  Gm.  per  day  may  be  condemned  as  di*- 

piftrmful,  without  any  hesitation.     (Some  investigators  hold  the  opposite  opinion, 

nnce  Liebreich,  loo^i  and  1004.     Their  results  may  perhaps  be  explained  by 

lual  differences  of  susceptibility,  which  were  also  noticed  by  Wiley.)     Harrington, 

5  obscr>*ed  that  the  continued  administration  of  borax  to  cats  leads  to  very 

idney  lesions.     Very  large  doses  cause  acute  poisoning;  this  may  also  occur 

I  administration   (van   Dort   Krom,   iQof));  especially  from  flushing  serous 

and  from  the  use  of  powdered  boric  add  on  extensive  burns  (Savariaud,  1Q14). 

toms  consist  ordinarily  in  gastroenteritis,  congestion  of  the  abdominal  viscera. 

ular  degeneration),  scarlatinal  skin  eruptions;  very  commonly  visual 

muscular  debility  and  incoordination,  fait  of  temperature,  collapse.     The 

9  fatty  degeneration  (Kinehart.  1901;  Best,  1904). 

rax  and  the  insoluble  caldum  borate  kill  house-fly  larvv  in  manure  etc  (Cook  and 

1.  1917). 

th  plartts,  even  low  concentrations  in  the  soil  or  culture  solution  causes  spotting 

leaves  (Hoselhoff,  1013). 

ttste  traces  of  boron  occur  in  all  animals,  most  abundantly  in  the  oceanic 

nd  and  Agulhon,  191 2).     Plants  also  take  it  up  readily  from  the  soil  (Cook, 

IK  Acid  Hemolysis, — Blood  corpusdes  suspended  in  i  per  cent,  boric  add  do  not 
many  visible  change;  but  their  osmotic  properties  are  altered,  so  that  they  become 
if  transferred  to  isotonic  salt  solutions.  Tnis  alteration  is  due  to  the  presence  of 
within  the  cells,  for  laking  does  not  occur  if  the  corpusdes  are  washed  in  hyper- 
solutions  (Kosakai,  1919). 


PREPARATIONS — BORATES 

]um  Borkum  (Add.  Bor.).  U.S.P.,  B.P.;  Boric  Add  (Boradc  Add),  HiBOi.— 
^nt  colorless  scales,  or  light  very  fine  bulky  powder,  unctuous  to  the  touch; 
of  slightly  saline  taslc.  Slowly  sol.  in  water  ii:iS);  sol.  in  ale.  (i:iS)\  freely 
yc.  (1:4).  Dose,  0.5  Gm..  j  jj..  U.S. P.;  0.5  to  i  Gm.,  5  to  15  gr.,  B.P.;  as 
ntiseplic  Locally,  in  lotions.injections,  gargles,  etc.,  2  to  4  per  cent.  (iH 
spoons  per  pint.)  A  saturated  watery  solution  contains  about  s  per  cent., 
ounce. 
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*GlycerUum  Boroglycerini  (Gl^cer.  Boro^jlyc),  U.SiP.;  &ycer.  Add,  Bor,,  B.P.— 
30  per  cent.     For  external  use,  diluted  ten  times. 

*UngueiUum  Acidi  Borici{Vng.  Add.  Bor.,)  U.S.?.,  B.P. — 10  per  cent.;  in  White 
Petrolatum,  U.S.P.;  in  Paraffin  Ointment,  B.P. 

Liquor  Antisepticus,  N.F. — A  mild  antiseptic,  containing  in  x,ooo:  30.  Boric  acid; 
I.  Benzoic  acid;  i.  Thymol;  0.25  Eucalyptol;  0.5  Oil  Peppermint;  0.25  Oil  Gaultberit; 
0.1  Oil  Thyme;  250  Alcohol.  A  number  of  proprietary  mixtures,  «.j.,  "listerin,"  have* 
similar  composition.     Their  antiseptic  efficiency  is  very  slight  (Verhocff  and  EUxs,  1907). 

*Sodn  Boras  (Sod.  Bor.),  U.S.P.;  Borax  Pur.,  B.P.;  Sodium  Borate  (biborate  or 
tetraborate),  Borax  NaiB407  +  loHsO. — Colorless,  transparent  crystals,  or  vhitc 
powder,  odorless,  of  sweetish  alkaline  taste.  Sol.  in  water  (x:x5),  verv  sol.  in  glyc. 
(1:1);  practically  insol.  in  ale.  Incompatible  with  alkaloids,  adds,  xnudlage  of  acada. 
(Free  boric  add  is  not  incompatible  with  most  alkaloids.)  Dose,  0.75  Gm.,  12  gr., 
U.S.P.;  0.3  to  I  Gm.,  s  to  15  gr.,  B.P 

Glycer.  Borac.,  B.P, — 20  per  cent. 

Mel.  Borac.,  B.P. — 10  per  cent. 

Sodii  Perboras  (Sod.  Perbor.),  U.S.P.;  NaBO»  +  4H1O.— SoL  In  water.  Vied  for 
making  oxygen. 

IODOFORM 

Uses. — ^This  is  obtained  by  the  action  of  iodin  on  alcohol,  acetone, 
etc.,  in  the  presence  of  alkalies.  It  has  been  known  since  1832  and  was 
introduced  as  antiseptic  about  1879.  It  acts  probably  by  ^hmt'T 
iodin;  but  this  shows  some  peculiarities,  due  to  the  manner  in  which  it  is 
produced.  Iodoform  itself  is  practically  Insoluble  and  probably  inactivt. 
It  is  also  quite  stable  outside  of  the  body;  but  in  contact  with  tissues  or 
their  extracts,  and  particularly  with  diseased  tissues  and  with  bacteria, 
it  slowly  evolves  iodin  (Altenburg,  Schmidt,  1901).  This  occurs  so  slowly 
that  the  effects  are  mild,  but  quite  sufficient  to  be  markedly  antiseptic 
to  bacteria,  and  stimulant  to  the  cells.  It  also  dries  the  wound  secretions, 
and  b  mildly  hemostatic  and  analgesic.  Hamburger  found  that  it  stimu- 
lates phagocytosis.  Its  injection  into  dogs  leads  to  persistent  leucocy- 
tosis  (W.  Weil,  1913). 

These  actions  make  it  valuable  in  treating  open  wounds,  since  it  pro- 
motes healing  by  stimulating  granulation  and  lessening  or  preventing  in- 
fectipn.  It  is  the  most  widely  used  dusting  powder;  it  is  also  injected 
into  tubercular  joints,  usually  as  an  emulsion  with  glycerin  (iodoform  10, 
alcohol  and  glycerin  each  45). 

Iodoform  has,  however,  a  number  of  disadvantages:  The  most  ob- 
jectionable feature  is  the  persistent  odor,  which  can  not  be  disguised  b)' 
any  perfume.  Iodoform  is  also  apt  to  develop  iodism  and  irritant  pb^ 
nomena  in  susceptible  individuals,  producing  particularly  eczemas,  cvoi 
in  minute  amounts.  It  may  also  cause  severe  poisoning  with  narcotic 
symptoms,  different  from  those  of  other  iodids. 

General  Intoxication. — (P.  Mulzer,  1905).  This  may  occur  when  fedofonn  is 
applied  over  a  large  area,  or  when  it  is  injected.  The  symptoms  consist  in  dioresis. 
lassitude  and  somnolence,  hallucinations,  diminished  renexes,  light  convulsoiis,  ud 
paralyses.  The  temperature  falls.  Death  occurs  through  general  panljnb  oil  the 
central  nervous  system.  Sodium  bicarbonate  is  said  to  be  antidotal.  Chronic  pmam- 
ing  is  also  characterized  by  paralytic  phenomena.  The  heart,  liver  and  kidneys  eibnNt 
fatty  changes.  Iodoform  dermatitis  is  sometimes  seen.  It  resembles  ivy  pato/taof 
(Bryan,  1Q03).  The  idiosyncrasies  are  not  analogous  to  anaphylaxis,  for  tbc^  5*" 
not  be  transferred  positively  (Stropeni,  19x2).  Fatal  poisoning  from  intra|^ea^UIoje^ 
tion  is  reported  by  v.  Bonsdorff.  1916. 

Excretion. — Iodoform  is  not  excreted  as  such,  either  by  the  kidney?  or  Inngs.  I* 
appears  in  the  urine  as  iodid  and  iodate,  and  as  unknown  organic  compounds  (An- 
gliolani,  1903;  Hamack  and  Grtlndler,  1883). 
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Iodoform  Substitutes. — The  disagreeable  qualities  of  iodoform  justify 
the  search  for  efficient  substitutes.  A  number  of  odorless  iodin  deriva- 
tives were  tried,  especially  thymol  iodid  (arisiol)^  but  their  popularity 
was  short-lived,  since  they  do  not  seem  to  possess  the  peculiar  activity  of 
iodoform. 

PREPARATIONS — IODOFORM 

^lodoformnm  (lodof.),  U.S. P.,  B.P.  (Triiodo-methane],  nil. — Contains  97  per 
cent,  of  iodin.  Usually  obtained  by  the  action  of  iodin  upon  alcohol  or  acetone,  in  the 
presence  of  an  alkali.  Kine,  lemon-yellow  powder,  or  crystals;  peculiar,  very  penclrat- 
ing  and  persistent  odor;  unpleasant,  slightly  sweetish  taste  suRgestive  of  iodin.  Nearly 
insol.  in  water;  sol.  in  ale.  (1:60),  in  glyc.  (i:So),  or  olive  oil  (1:^4);  freely  sol.  in  eth. 
(i;  7.5).  Dose,  0.25  Gm..  a  i^..  U.S.P.;  0.03  to  0.2  Gm,,  fa  to  3  gr.,  B.P.;  in  pills  or 
capsules.     Maximum  dose,  0.25  Gm.,  4  gr. 

Supp,  lodof.,  B.P. — 0.3  Gm.,  3  gr. 

Ung.  lodof.,  U.S. P.,  B.P.— 10  per  cent.,  in  lard. 

iodoform  fand  other  loose  iodin  derivatives)  are  incompaiihU  with  starch.  They  are 
generally  decomposed  by  heat,  and  can  therefore  not  be  sterilized  in  this  manner.  Since 
they  become  antiseptic  when  applied  to  wounds,  sterilzation  is  usually  superfluous. 

**  BJ  P-P.**  (Bismuth-iodoform-petrolatum  paste).  This  ointment  nas  been 
used  as  a  dressing  for  infected  wounds.  It  is  a  mixture  of  one  part  of  bismuth  subnitrate 
and  two  parts  of  iodofrom,  with  sufficient  liquid  t>etrolaluni  to  make  a  paste  (Morisou, 
X916).     A  similar  mixture  was  used  by  Calandra,  in  1908. 

The  Iodoform  Substitutes  are  also  injured  by  heat  and  light.  They  are  all  insol.  In 
water  and  are  used  like  iodoform. 

^TkymoUs  lodidnm  (Thymol.  lod.),  U.S.P.  (Dilhymol-diiodid;  Arisiol);  (C«Hj)- 
CHjCiHiODi. — Contains  at  least  43  per  cent,  of  iodin.  Chocolate -colored  powder 
with  slight  aromatic  odor.  Insol.  in  water  or  glyc;  sUghtly  sot.  in  ale,  readily  in  oils, 
eth.,  etc. 

GENERAL  CONSIDERATION  OF  ANTISEPTICS 

Toxicity  and  Resistance. — The  protoplasm  of  bacteria  is  fairly  readily  Injured  by 
many  substances  and  by  physical  clianges.  The  conditions  under  whidi  it  exists  arc, 
however,  somewhat  peculiar.  By  virtue  of  a  highly  impenetrable  cell  wall,  and  by  the 
formation  of  ver>*  resistant  spores,  bacteria  are  able  to  sur\ive  conditions  which  would 
kill  other  cells.  Under  these  adverse  conditions  the  microorganisms  arc  indeed  unable 
to  grow  and  multiply;  but  by  passing  into  a  dormant  stale,  particularly  by  spore  forma- 
tion, they  are  able  to  preserve  their  vitality  for  a  considerable  time,  and  to  recover  their 
power  of  growth  as  soon  as  the  conditions  become  more  favorable.  Substances  which 
merely  suspend  the  vitality  of  bacteria  arc  called  antiseptics;  whilst  those  which  kill 
them  outright  are  germiiidcj.  .\  tliird  class  of  disinfectants  is  formed  by  the  deodorants, 
which  obscure  or  destroy  the  odorous  bacterial  products,  but  which  have  little  action 
on  the  tiactcria  themselves. 

Factors  Determining  Usefulness. — The  nature  of  the  antiseptic  substance,  or  the 
strength  in  which  it  is  u-wd,  are  by  no  means  the  only  factors  determining  its  efficiency 
and  usefubiess.     Among  the  other  more  important  factors  may  be  mentioned: 

The  nature,  peculiarities  and  number  of  microorganisms;  the  time  of  exposure;  the 
influence  of  organic  matter;  the  penetration,  toxic  and  corrosive  actions  of  the  agent; 
and  in  some  cases,  Hs  cost.  Widely  advertised  antiseptics  especially  present  a  very 
striking  di.<profwrtinn  between  cost  and  efficiency. 

The  Influence  of  Proteins  and  Other  Organic  Matter. — Many  substances  which  are 
strongly  germicidal  when  acting  on  the  bacteria  alone  are  much  weakened  by  entering 
into  chemic  reactions  with  the  medium. 

Thus,  potassium  permanganate  is  destroyed  by  all  organic  matter;  mercuric  chlorid 
is  precipitated  by  proteins;  silver  nitrate  by  chlorids,  etc.  These  insoluble  corabina- 
, lions  are  no  longer  germicidal.  Further,  they  hinder  the  penetration  of  the  anriscptic, 
condition  of  considerable  surgical  importance.  The  antiseptics  of  the  aromatic 
_  ies  are  relatively  little  affected.  From  the  standpoint  of  antiseptic  efficiency  and 
penetration,  the  phenols  stand  highest,  experimentally  (Keilty  and  Packer,  igis;  for 
relative  place  of  other  antiseptics,  the  original  paper  must  be  consulted).  However, 
even  these  are  markedly  impeded  by  scrum,  even  when  there  is  no  precipitation 
(Bechbold  and  Ehrlich,  1006).  Indeed,  serum  and  body  fluids  in  general  interfere  very 
much  with  the  activity  of  all  antiseptics  (Verhoeff  and  Ellis,  1907);  but  the  flavin  dyea 
are  said  Co  be  more  e£fective  in  serum. 
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The  Dismfectiiig  Power  of  the  Commonly  Used  Aatiseptics.— On  account  of  the 
different  resisting  power  of  different  bacteria,  and  the  ease  with  which  the  antiseptic 
action  is  moxlilied  by  circumstances,  the  results  of  experiments  directed  to  comparing 
the  different  antiseptics  can  not  be  generalized.  Tables  of  antiseptic  values  arc  there- 
fore unsatisfactory.  In  a  general  way,  it  may  be  said  that  mercuric  chlorid  and  silw 
nitrate  are  the  most  powerful.  Then  come  copper  and  zinc  salts;  then  formaldeb>'d. 
chlorin,  and  hydrogen  peroxid;  then  the  crcsols,  then  carbolic  acid.  Salicylic  aad, 
boric  add,  sulphurous  add.  and  the  essential  oils  are  antiseptics  rather  than  germiddes- 
lodoform  manifests  its  action  only  under  special  conditions.  Ferrous  sulphate  a 
merely  deodordant.  Lepinc,  1RH6,  claims  that  mixtures  of  antiseptics  arc  often  moic 
efficient  than  would  be  e.vpccted  from  their  ingredients. 

Specificity  of  Antiseptics. — Some  antiseptics  act  fairly  uniformly  on  all  bactcrii; 
others,  especially  the  dyes,  show  a  high  degree  of  spedfidty  (sec,  for  instance,  K.  Taylor, 
1917;  P.  A.  Lewis,  1017). 

The  relative  susceptibility  of  bacteria  and  cells  has  been  investigated  on  tissur 
cultures  by  R.  A.  I^imhert,  1916. 

The  Preservation  of  Food. — The  liability  of  organic  food-stuffs,  especially  meat  ano 
mlilc,  to  bacterial  decomposition,  often  renders  their  chemical  preservation  a  matt-r  1 
economic  necessity.  Asepsis,  refrigeration,  or  sterilization  by  heal,  are  not  aUi\- 
applicable.  That  the  use  of  chcmic  preser\'ativcs  is  theoretically  undesirable,  ftn 
account  of  their  possible  deleterious  action,  is  universally  granted;  in  practice,  hov- 
ever,  this  e\'il  may  be  less  than  those  resulting  from  the  consumption  of  partly  decom- 
posed foods.  The  time-honored  use  of  sugar  or  salt-cured,  corned,  and  smoked  mcab. 
of  vinegar,  spices,  etc.,  is  a  sufficient  proof  of  the  comparative  innocuousness  of  somcol 
the  preservative  measures.  More  recently  there  have  been  introduced  a  number  of 
preservatives  which  are  more  powerful,  and  wliich  can  not  be  detected  by  the  tastr- 
These  offer  a  special  interest,  and  they  have  accordingly  given  rise  to  much  disciusioD. 

It  is  self-cMdent  that  markedly  toxic  and  irritant  substances^  such  as  formalddiyd. 
should  be  entirely  excluded.  The  prindpal  difference  of  opinion  is  in  regard  to  lub- 
stances,  such  as  benzoates,  borates,  sulphites,  saccharin,  etc.,  which  do  not  prodoa 
marked  effects  in  the  quantities  ordinarily  used.  Their  opponents  rest  their  objectJow 
mainly  on  their  action  on  weak  or  diseased  individuals,  on  infants,  nephritic*,  »w3 
dyspeptics;  and  to  the  cumulative  effects  of  their  continued  administration.  There  is, 
however,  no  evidence  as  to  the  degree  of  danger  from  their  intermittent  use,  underlie 
actual  conditions.  .At  all  events,  the  consumer  should  be  made  aware  of  the  additioo 
of  the  prcscr\'ativc.  and  of  any  possible  dangers. 

Urinary  Antiseptics. — The  urine  and  the  bladder  may  be  disinfected  to  a  considenble 
degree  by  druj^s  aclministcred  through  the  mouth.  The  efficiency  of  urinar\'  anttwpda 
is  naturally  limited  by  the  brief  contact.  It  is  therefore  not  necessarily  reflected 
in  the  phenol-coefficient  (Hinraan,  igis).  The  antiseptics  of  the  aromatic  series  *Tt 
suffidcntly  conc*enlrated,  in  the  course  of  their  excretion,  to  be  effective,  e.g.,  in  gonor 
rhea.  Sodium  salic>'late  or  benzoatc  or  salol  arc  used  for  this  purpose,  as  also  copaUa> 
cubeba,  sandal-wood,  methylene  blue,  etc.  Santal  is  espedally  useful  a^inst  sLaphyi* 
cocci;  but  none  of  these  antiseptics  are  very  powerful  (Hmman,  1915).  The  most  uwfjii 
product,  however,  is  hcxamethylenamin,  which  yields  formaldehyd.     This  is  used  ifi 

Fyclitis,  inflamed  bladder,  and  for  rendering  the  urine  aseptic  (as  in  t>'pbotd  ffvciV 
ncrcascd  acidity  of  the  urine  also  destroys  bacteria.  Dilute  mineral  acids,  or  stid 
sodium  phosphate,  may  be  used  (Jordan,  1911).  .'Vlkalinity  interferes  greatly  with  di' 
activity  of  benzoates,  salicylates  and  hcxamethylenamin;  not  so  much  with  bor»(«»«' 
sandal  (Jordan,  iqi.j)- 

Intestinal  Antiseptics. — Tlie  disinfection  of  thi:  alimentary  canal  would  be  useM 
in  various  dj-spcpsias,  intestinal  putrefaction,  in  ij-phoid  fever,  cholera,  etc.  M^a* 
experiments  have  been  directed  to  this  end.  \s  a  re=^ult,  it  may  be  condudcd  thit 
complete  asepsii  is  impossible  in  this  situation. 

This  is  easily  comprehended  if  one  stops  to  consider  the  large  number  ol  bactem 
present,  espedally  in  the  colon;  the  Lirgc  mass  of  material  In  the  intestine,  tending  ^ 
weaken  the  antiseptic  and  to  prevent  its  access;  the  ready  absorption  and  conseqocM 
danger  of  general  poisoning;  the  sensitiveness  of  the  intestinal  canal  to  irritalinj 
agencies;  the  fact  that  ferment  action  is  diminished  by  all  antiseptics,  etc. 

When  the  antiseptics  are  used  in  such  an  amount  as  to  injure  the  mucosa,  xheyw»J 
even  increase  the  number  of  bacteria.  It  was  also  argued,  at  one  time,  that  anti«epiio 
would  be  injurious  by  checking  the  saprophytic  bacteria,  which  were  supposed  to  ^ 
necessary  for  digestion.  This  theory  has  been  disproved;  nor  do  they  appear  to  Wnde 
the  digestive  ferments  materially,  although  they  tend  in  this  direction  (Hdneben 
and  Bachmann,  iQog). 

Although  a  complete  intestinal  asepsis  is  an  impossibility,  a  relative  ascpsb»  • 
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of  an  abnormally  increased  bacterial  action,  is  rather  probable;  it  has  not 

been  satisfactorily  demonstrated  (Harris,  1912). 

iclcria  in  the  lumen  of  the  intestine  would  be  much  more  readily  acted  upon 
which  have  already  obtained  a  nidus  in  the  intestinal  waUs,  and  antiseptic 

will  be  of  greatest  benefit  against  the  unprotected  bacteria. 
I  antiseptics,  at  best,  seem  to  be  inferior  to  suitable  modi6cations  of  diet  and 
tion  of  the  intestines  (Friedenwald  and  Leitz,  jqoq).  For  antiseptics,  more 
speaking,  the  preference  is  given  to  those  which  arc  only  sparingly  soluble,  so 
ty  will  not  be  absorbed  before  reaching  the  colon.  The  mo-^t  useful  intestinal 
ties  are  naphthalin,  naphthol,  the  crcsols,  and  guaiacol.  th>'niol,  camphor,  salol, 
!omparative  experiments  with  these  and  others  were  made  by  Ilirata,  igio. 
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toxic  Serums. — These  contain  antitoxic  substances,  produced  by 
:tion  of  bacterial  toxins  into  living  animals,  in  practice  usually 
Definite  globulins  of  the  serum  of  such  immunised  animals  con- 
cific  antibodies,  which  combine  with  the  corresponding  toxins 
miess  comp>ounds.  The  injection  of  these  serums  into  patients 
?  confers  a  passive  immunity  to  the  disease,  without  other  direct 
According  to  the  time  and  place  of  injection,  rapidity  of  absorp- 
ressibility  of  the  toxins  and  bacteria,  the  cflfect  may  be  curative 
tly  prophylactic.  The  protection  persists  only  for  a  few  weeks, 
2  antitoxin  is  destroyed  or  excreted.  The  scrum  proteins  often 
e  slight  irritative  phenomena  of  "serum  disease,"  and  sometimes 
anaphylaxis. 

toxin  therapy  is  limited  to  a  few  diseases,  especially  diphtheria 
anus.  Most  other  bacteria,  especially  those  with  endocellular 
do  not  provoke  the  formation  of  soluble  antibodies,  at  least  in 
t  amount  to  be  effective. 

lilies. — These  provoke  the  formation  of  specific  antibodies  by 
lent  himself,  by  inducing  a  mild  or  modified  harmless  attack  of 
se.  They  therefore  confer  (utive  immunity^  which  is  much  more 
than  the  passive.  Their  field  is  much  wider  than  that  of  the 
:  serums,  since  probably  all  bacteria  and  their  products  can  act 
ens.  The  bacterial  vaccines  are  usually  suspensions,  extracts  or 
of  killed  cultures  of  the  specific  bacteria.  Those  prepared  from 
nisms  obtained  from  the  patient  himself  (autogenous)  are  usually 
ore  effective  than  ** stock"  vaccines.  As  vaccines  do  not  con- 
urn,  they  do  not  produce  "serum  disease;"  but  their  toxins  usually 
lore  or  less  febrile  and  local  reaction.  Their  value  is  most  striking 
lylaxts;  in  this  way  they  may  be  effective  even  after  exposure, 
re  the  disease  has  developed.  They  may  also  be  curative,  espe- 
siationary  localized  infections. 

ol  Action. — The  vaccines  act  largely  by  provoking  the  production  of 
tibodie?;  but  partly  also  by  sdmulation  of  the  leucocytes  and  oth<'r  activities 
iQib).  Increase  of  prolLiise  iind  lipase  may  be  imporuint  factors  (Johling 
Ql6).  These  mechanisms  are  Invukcd  t:siKxiall>  to  explain  the  activity 
ircific  factors  such  as  the  injection  of  non-specific  bacteria  and  toxins,  protein, 
products,  kaolin,  elc. 

bed  Virus  Vaccines. — Living  bacteria  treated  with  speci&c  antisera  are 
y  Besrvdka  In  be  powerful  and  harmless  vaccines.  More  extensive  cxperi- 
reded  (Swift  and  Kmsellu,  1016). 

— These  are  suspensions  of  dried  bacteria  in  vegetable  oil.    Their 
D  i&  somewhat  more  dlBicult  than  that  of  the  ordinary  bacterial  vaccines;  but 
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as  they  are  absorbed  more  slowly,  they  produce  less  local  and  systemic  reaction.    Tbey 
are  also  more  stable  (Whitmore  ct  aJ,  iqi8). 

UmitatioDS  of  the  Text. — The  theories  of  the  nature  and  formation  of  toxins  and 
antibodies  arc  usually  assigned  to  bacteriology  and  pathology,  and  need  not  he  005- 
stdered  here;  nor  w-ill  it  be  protitable  to  discuss  the  numerous  agents  whose  v^lut  ti  oot 
yet  established.    Those  wnich  are  more  or  less  promising  art  described  in  N.N.It 

Non-specific  Protein  Injections.— The  injection  of  various  protein?, 
and  particularly  of  proteoses  or  bacterial  vaccines,  produces  acute  febrile 
reactions.  These  often  result  in  an  acute  crisis  of  any  existing  infection 
They  have  been  used  in  rheumaltc  conditions,  but  are  not  without  danger 
(see  Typhoid  Vaccine). 

It  is  not  known  how  the  "reaction"  is  beneficial. 

A  possible  and  at  least  partial  explanation  of  the  effects  of  non-specific  proteins  aad 
bacterial  injections  is  the  ooscr\alion  of  Hektoen,  that  they  increase  the  production  ol 
antibodies  against  other  antigens  that  may  be  present. 

O/Arr  efeets  have  bfeft  described  under  "Peptone.'' 

CliniaU  Results. — These  arc  often  good,  but  sometimes  fail.  Severe  reactions  iff 
quite  common.  The\' include  cardiac  dilation,  sometimes  fatal;  hemorrhages  from  Diw 
and  intestines;  etc.  (Irons,  1917;  Cedl,  1917}. 

DIPHTHERIA  ANTITOXIN 

This  was  discovered  by  Behring  in  1890,  and  applied  therapeutically 
to  man  by  Roux  in  1891,  The  results  arc  strikingly  successful,  fti 
arrests  the  local  process  and  the  systemic  symptoms,  and  reduces  thfr] 
mortality  of  the  disease  to  about  one-fourth.  It  should  be  administered 
in  adequate  doses,  as  early  as  possible;  for  the  mortality  increases  froffli 
4  or  5  per  cent,  if  it  is  given  on  the  first  day,  to  over  20  per  cent,  if  delayed 
beyond  four  days  (Park,  iqo6). 

Production. — ^The  antitoxin  is  produced  by  injectiiip  healthy  horses  hypf»'i''rra;'*inv. 
at  four-day  intervals  with  diphtheria  toxin,  i.e.,  with  fillenrd  sterile  broth 
ginning  with  very  small  doses,  which  ure  increased  at  varj-ing  inter^-als.    ; 
the  amount  of  reaction.    This  treatment  is  continued  for  from  four  to  six  tnoat^ 
until  a  high  antitoxic  power  has  been  reached  (as  deterniincd  on  small  samples  of 
withdrawn  from  time  to  time).     The  horse  is  then  bled  from  the  external  jugular 
with  strict  asepsis.    This  can  be  easily  done  without  anesthesia.    Seven  to  if 
arc  collected  in  sterile  bottles.     When  the  serum  or  plasma  has  separated,  it  is 
through  Bcrkcfcld  filters,  and  some  antiseptic  fphenol  or  cresol),  is  added.    T 
toxic  strength  is  determined,  and  the  appropriate  doses  arc  marketed  in  ascpi 
syringes,  to  obviate  contamination  during  administration.    Weaker  serums  auiy  ^ 
reduced  in  hulk  by  partial  evaporation  in  a  vacuo. 

Standardization. — The  strength  of  the  antitoxic  sera  has  to  be  determined  ^* 
testing  its  protective  power  on  guinea  pigs.  The  original  immunUy  unit  was  ten  timo 
that  quantity  of  antitoxin  which  would  completely  protect  a  250-gTam  guinea  pC 
against  ten  times  the  fatal  dose  of  toxin;  in  other  words,  each  immunity  unit  oeutnBin 
a  hundred  fatal  doses  of  toxin. 

It  was  found,  howe\'er,  that  a  given  scrum  seemed  to  have  a  different  anlilapc 
value  when  tested  with  different  samples  of  toxin.  This  was  explained  by  Ehrikii>T 
the  assumption  that  the  filtered  broth  culture  contains  several  constituents  capable^' 
neutralizing  antitoxin;  and  that  only  one  of  these  is  toxic.  The  proportion  of  loiic  Ip 
non-toxic  neutralizing  elements  varied  in  the  several  cultures,  so  that  the  neutialbiiCi 
and  toxic  qualities  would  not  go  parallel.  To  obviate  this  uncertainty  a  standard 
was  prepared  from  a  certain  standard  toxin. 

This  standard  antitoxin  is  issued  by  the  U.  S.  Public  Health  Service  to  inanaiactoi(% 
and  is  in  turn  used  for  determining  the  *'lest  dose''  of  the  toxin  to  be  employed  ia 
actual  standardi7^tion.     This  is  the  largest  quantity  of  toxin  which  can  br  c-omfSSdy 
Iralized  by  the  unit  oj  standard  aniHoxin^  so  that  a  35o-gram  guinea  pig  miU  survive  faf 
four  days.    This  toxin  is  then  used  in  standardizing  the  serum  to  be  tested;  /Ar  f«*iW 
ijuantity  of  serum  which  neutralizes  a  test-dose  of  the  toxin  contains  i>fw  unit  of  amUt*B^ 
This  new  unit,  which  is  now  employed  universally,  is  approximately  equivalent  to 
old  unit,  but  is  more  uniform. 
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ed  Antitoxin."— If  the  proteins  of  antitoxic  serum  are  scpa- 
ited  by  fractional  precipitaLion  with  salts,  the  antitoxin  is  found  prac- 
Cally  completely  in  the  pseudoglobulin  portion  (Gibson  and  Collins, 
P7;  Banzhaf  and  Gibson,  1907).  The  non-antitoxin  proteins  may  thus 
i  largely  eliminated.    These  "refined"  serums  peritiit  reducing  the  bidk 

the  injection  and  are  said  to  lessen  the  liability  to  rashes  but  not  to 

iphylactic  shock  (Park,  1913). 

Tkt  GibsaH  process  of  puritication  consists  in  precipitating  all  the  globulins  by  an 

[HaJ  volume  of  saturated  ammonium  sulphate  solution  (other  sulphates  may  be  used); 

i  precipitate  is  treated  with  saturated  solution  of  sodium  chlorid,  which  dissolves  the 

finido^lobulin.     This  is  aKain  precipitated  by  acetic  acid,  and  thi^  precitate  is  dialyzcd 

b  reduce  the  salt  to  0.8  per  cent.     The  pseudoglobulin  fraction  of  normal  serum  is 

.bout  40  per  cent,  of  the  t  tal  proteins;  in  immunized  serum  it  is  about  78  per  icnl.; 

D  that  this  process  eliminates  only  about  ono-tifth  oJ  the  total  proteins.     The  propor- 

ion  can  be  raised  by  heating  the  scrum  for  several  hours  to  S7°C.,  before  proceeding  to 

n's  process  (Banzhaf,  igi  i).     This  Banzhaf  process  eliminates  about  50  per  cent. 

the  proteins,  without  material  loss  of  antitoxin  (Park,  igio). 

All  attempts  to  separate  the  antitoxin  from  the  globulin  have  been  unsuccessful 

wford.  iqi8);  perhaps  the  globulin  is  itself  the  antitoxic  constituent. 

^etenoration. — The  antitoxic  power  of  serum,  plain  or  purified,  de- 
nes gradually,  the  loss  averaging  between  10  and  30  per  cent,  per  year. 
kept  on  ice,  the  yearly  loss  is  only  about  6  per  cent.  ^Anderson,  1909). 
aged  serums  are  used,  allowance  must  be  made  for  the  deterioration; 
erwise  their  use  is  quite  safe.  Dried  serum  does  not  deteriorate,  but 
inconvenient  to  dissolve.  .  > 

Clinical  Efficiency.^ — The  antitoxin  is  not  directly  bactericidal;  but  by 
ictivating  the  toxin,  it  arrests  promply  both  the  systemic  and  local 
enomena  of  the  disease,  the  more  strikingly  and  promptly  the  earlier 
is  used.  The  exudation  ceases  to  spread  and  clears  more  rapidly; 
rarely  extends  to  the  Iar>'nx ;  the  swelling  of  the  cervical  glands  subsides ; 
fever  falls  promptly,  and  the  general  condition  improves  quickly, 
le  occurrence  of  paralysis  is  not  affected. 

The  very  much  superior  results  of  early  admin istraiion  make  it  incum-' 
t  to  employ  the  antitoxin  just  as  soon  as  a  well-founded  suspicion  of 
>htheria  exists;  i.e.,  without  wailing  for  a  positive  diagnosis.     The  pos- 
le  dangers  of  the  treatment  are  so  slight  as  to  be  negligible  in  view  of  its 

[reat  benefits.     It  is  even  advisable  to  employ  immunizing  doses  in  case 

d  exposure,  before  the  disease  develops. 

Failure  to  Prevent  Paralysis. — H.  Meyer.  1005.  attributes  this  to  the  absorption  of 

tt  of  the  toxin  through  the  nerve  sheaths,  where  it  would  be  protected  agauut  the 

titoxin. 

Circulatory  Collapse. — This  is  prevented  if  the  antitoxin  i»  administered  before  tlbe 

£ressure  has  started  to  Ml;  after  this,  antitoxin  ia  uxeleM  (H.  Meyer,  1909),  tJic 
ang  presumably  fixed  in  the  cells. 

Administration. — All  immunizing  sera  are  practically  inactive  when 
;n  by  the  alimentary  canal  (McCHntock  and  King,  n)og,  p.  294)     They 
therefore  injected  into  the  loose  subcutaneou.'i  tissue  of  the  abdomen, 
:k  or  flank.     The  skin  and  needle  should  ^>^  cleansed  with  alcohol. 
fbc  injection  is  made  slowly.     Intravenous  Jnjtrtifin  has  been  advised 
urgent  cases.     It  does  not  seem  to  be  dangcrotu  if  proper  precautions 
observed  (Levin,  1909;  Park,  191 7). 


kbsorptioiL — This   is  quite  slow,    the   maxlimuB  concentration   nf  antitoxio  ia 
bJoo<i  being  reached  only  after  a  day  wltJi  himmmmMr,  and  in  three  days  witJi 
lermic  injection  (Levin,  Park) .     The  diriHbuHpm  !■»  fefeen  ttudied  by  Hektocn  and 
S910. 
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The  concentration  of  antibodies  generally,  both  in  active  and  passive  immunity^ 
decreases  in  the  order  of  serum  (highest),  thoracic  lymph,  neck  lymnh,  pericardiii 
fluid,  aqueous  humor,  cerebru-spinal  Huld  (least).  This  indicates  that  toey  posb  from 
the  blood  into  the  lymph  (Becht  and  Luckhardt,  19x6). 

Dosage. — This  varies  with  the  stage  and  severity  of  the  disease;  ibe 
age  of  the  patient  need  not  be  considered.  The  immunizing  dose  is  from 
500  to  1,500  units.  The  curative  dose  is  usually  5,000  units  in  mild  casesj 
lOjCoo  in  severe,  and  20,000  in  malignant  cases.  Larger  doses  do  no 
further  good  (Park,  1914).  Half  the  initial  dose  may  be  repealed  two 
or  three  limes  at  intervals  of  about  twelve  hours,  according  lo  the  progress- 
of  tfie  disease;  but  it  is  better  to  make  the  initial  dose  sufl&ciently  largc^ 
since  experiments  have  shown  that  this  insures  a  higher  concentration  in 
the  blood  (Park,  1913). 

Side  Actions  and  Accidents. — In  perhaps  a  third  of  the  cases,  the  ad- 
ministration of  serum  is  followed  by  the  insignificant  phenomena  of  "scrum 
disease."  Very  rarely  severe  or  fatal  collapse,  presumably  analogous  10 
anaphylaxis,  occurs  within  fifteen  minutes.  The  two  phenomena  arc 
quite  distinct,  but  both  are  due  to  the  serum  proteins  and  not  specifi- 
cally lo  the  antitoxin.  They  arc  produced  by  all  scrums.  The  serious 
cases  are  so  exceptional  that  they  should  not  restrict  the  use  of  antitoxin; 
but  they  should  enjoin  caution  in  sensitive  patients. 

Serum  Disease. — After  an  incubation  of  eight  to  twelve  da)*^,  or  a 
somewhat  shorter  lime  if  the  injections  are  repealed  (Goodall,  tgii)  a 
rash  develops  on  the  skin,  with  swelling  of  lymph  glands,  a  slight  fevfr. 
and  sometimes  (3  or  4  per  cent,  of  all  injections)  pain  in  the  joints.  The 
rash  varies  but  is  commonly  urticarial  or  erythematous.  It  is  sometime* 
preceded  by  prodromal  sensitiveness  and  slight  redness  of  the  skin  al  the 
site  of  injection. 

There  arc  also  indications  of  transient  renal  impairment  (especially 
retention  of  water  and  chlorid;  Rackemann  ct  al,  1916). 

The  coagulation  time  of  the  blood  is  markedly  slowed  during  seniffl 
disease  (H.  F.  Shattuck,  1917). 

The  serum  phenomena  are  less  common  with  purified  antitoxins;  with 
serums  of  other  animals  they  are  more  severe  than  whh  horse  serum 

Statistics  of  serum  sickness  are  presented  by  Sturlevant,  iqi'^- 
Xetter,  1006.  claimed  that  the  rashes  arc  less  frequent  if  calcium  chlorid  is  admin* 
istered:  i  Gm.  daily  by  mouth,  on  the  day  of  injection  and  on  the  two  following  day^ 
Relation   of   Serum   Disease   to   Antibodies. — In    man,   anaphylactic  antibodi 
arc  not  present  during  the  early  [wriod  of  scrum  sicknc^,  but  they  reach  their  maiinii 
toward  the  close.     This  indicates  that  the  antibodies  arc  concerned  in  the  reco^ 
rather  than  in  the  causation  of  serum  disease  (Longcope  and  KjackcmAnn,  iqi6). 

Anaphylactic  Phenomena. — These  occur,  but  very  rarely,  in  patient 
disposed  to  asthma  and  hay  fever,  or  those  having  idiosyncrasies  agains 
horses;   they  generally  have  a  status  lymphaticus.     Serious  sympioi 
occur  in  something  like  1:10,000,  death  in  1:100,000  injections  (ParkJ 
191.3).     The  effects  set  in  very  suddenly  with  swelling  of  the  respirator/' 
mucosa,  intense  dyspnea,  failure  of  respiration,  collapse,  and  asphyxial 
death  within  ten  or  twenty  minutes.     These  phenomena  resemble  \ cry 
closely  those  seen  in  experimental  anaphylaxis,  but  they  occur  genrrallv 
with  the  first  injection  of  serum.     The  most  promising  treatment  of  such 
cases  is  atropin  and  cpinephrin,  to  paralyze  the  bronchial  muscles.    U 
there  is  cause  for  apprehension  before  giving  the  serum,  the  sustcjiti 
bility  of  the  patient  may  be  tested  by  injecting  a  small  dose  (0.5  c.c,  l' 
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serum  an  hour  before  giving  the  full  quantity.     Atropin  may  also  be 
Bed  as  prophylactic. 

!r>'  slow  intravenous  injection  of  diluted  serum  might  perhaps  avoid  the  occur- 
of  acute  anaphylactic  shock.     Sensitized  animals,  al  least,  tolerate  more  than  the 
dinary  fatal  dose  of  the  antigen  when  it  is  injected  in  that  manner.     (J.  H.  Lewis, 
Up). 

Active  Immunization. — v.  Behring,  1913,  attempted  this  w-ilh  ovcrneutralized  mix- 
res  of  diphtheria  toxin  and  an  excess  of  antitoxin  (Hornemann.  igi.i).  with  or  without 
iccine*  from  killed  diphtheria  bacilli.  Park,  ct  al  ,  1Q14  and  1Q15,  have  checked 
e  results  with  the  Schick  test.  Natural  immunit\'  is  greatly  increased  by  the  ireal- 
eot,  but  this  would  he  superfluous.  In  susceptible  indinduals,  the  immunity  is 
oduced  very  slowly;  but  little  has  developed  in  four  to  six  weeks,  but  it  continues  to 
crease  for  a  year  or  longer.  The  method  is  therefore  of  little  value  for  immediate 
bmunization,  but  promising  For  permanent  protection. 


PREP.\RATIONS — ANTIDIPHTHERIA  SERUM 

^Serum  Antidiphihtfkum  (Scr.  Antidiph.),  U.S. P.  (Diphtheria  .\ntitoxin). — Tlic 
rum  of  horses  properly  immunized  against  diphtheria  toxin.  It  must  be  kept  in 
lied  glass  containers  in  a  dark  place  at  a  temf>erature  between  4.5"  and  15X.  A 
lUowisb  transparent  or  slightly  turbid  liquid,  of  at  most  slight  odor.  A  tube  of  anti- 
xin  once  opened  should  not  be  used  again.  The  scrum  must  be  prepared  in  cstablish- 
ents  licensed  and  «upcr\'i*ed  by  the  U.  S.  Public  Health  Service;  it  must  come  from 
Ealthy  animals;  it  must  be  sterile,  free  from  toxin  and  bacterial  products,  and  must 
>t  contain  more  than  0.5  per  cent,  of  phenol  or  0.4  per  cent,  of  crcsol;  the  total  solids 
lUSt  not  exceed  20  per  cent.;  and  the  potency  must  be  at  least  550  units  per  cubic 
fntimeter.  The  standard  of  strength,  expressed  in  units  of  antitoxic  power,  shall  be 
lat  established  by  the  United  States  Public  Health  Service.  Antidiphlheric  .Serum 
nxlually  loses  in  potency.  The  label  must  state  the  date  beyond  which  the  contents 
U)  not  be  expected  to  >-ield  its  speci6c  results.  Avera^t  dose..  Curative  10,000  units; 
tolcctive,  1,000  units,  U.S.P. 

*Scrum  Antidiphiherifum  PurijUatum  (Ser.  Antidiph.  Purif.),  U.S. P.;  (.\ntidiph- 
ieric  Globulins;  Refined  and  concentrated  Diphtheria  Antitoxin). — A  solution  in 
.ft  per  cent-  NaCl  solution  of  antitoxic  globulins,  prepared  by  Gibson's  method,  and 
implying  with  the  regulations  for  the  plain  scrum. 

Str.  Anltdipk.  Sicf.,  US. P.;  Dried  .\ntidiphtheric  Serum. — Obtained  by  evaporation 
[  either  of  the  preceding  at  a  low  temperature.     It  must  be  readily  soluble  in  9  parts 


r 


AKTIPOLIOMYEUTIS  HORSE  SERUM 


TETANUS  ANTITOXIN 


Results  have  been  fairly  promising,  but  not  decisive  (Xeustaedter  and  Bcnxaf, 

Human  smim  from  recovered  iKiliomyelilis  cases  is  being  tried.  Its  value  is  not 
M^blishcd:  but  if  given  early,  it  appears  to  diminish  the  subsequent  paralysis  (Draper, 

^Bhis  is  prepared  in  the  same  manner  as  Diphtheria  Antitoxin,  except 
^Wt  tetanus  toxin  is  used  for  the  immunization.  It  has  a  high  pro- 
cciivc  value  if  used  early;  and  it  would  be  desirable  to  administer  it  in 
■Very  suspicious  case,  but  without  neglecting  thorough  disinfection.  Its 
^rative  value,  after  the  symptoms  have  set  in,  is  doubtful  and  at  best 
limited.  It  does  not  affect  the  toxin  which  is  fixed  in  the  nerve  cells,  and 
Could  only  reach  that  which  is  still  free  or  being  formed.  The  latter  can 
generally  be  prevented  more  effectively  by  surgical  procedures. 

TTt|TniiTiiTing  Dosc^This  consists  of  four  hyptxiermic  injections,  each 
of  500  U.  S.  units,  given  a  week  apart  (McCoy,  1917).  The  wound  may 
ifso  be  dressed  with  dry  serum  but  this  has  not  found  much  favor  (ibid.). 
fhe  protection  lasts  two  or  three  weeks. 

Curative  Dosage. — In  view  of  the  slow  absorption,  and  the  importance 
(  gaining  time,  hypodermic  administration  alone  is  insufficient.    Large 
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doses  must  be  introduced  by  several  cbanneb.  Park,  1910, 191 2  and  1914, 
advocates  the  subdural  injection  of  3,000  to  5,000  units,  followed  by 
10,000  to  15,000  units  intravenously;  the  spinal  injection  is  repeated  in 
twenty-four  hours,  and  a  hypodermic  injection  of  xo,ooo  units  is  given 
three  days  later  (Park  and  Nicoll,  1914;  NicoU,  1915).  Dreyfus,  19x4, 
urges  daily  injections,  combining  vein,  lumbar,  endoneural  and  local. 

Intraneural  Injection  was  advised  by  Meyer  and  Ransom,  1903,  since  they  found 
that  the  toxin  travels  largely  by  nerve  deaths.  It  has  not  maintained  itself  in  pnc- 
tice,  but  is  again  advocated  b^  v.  Behring,  1914. 

Subdural  Injection,  according  to  Park  and  Nia)Il,  is  more  effective  than  intrainnous, 
and  vastly  better  than  hypodermic.  Hie  antitoxin  disappears  in  twenty-four  houn, 
so  that  the  administration  must  be  daily  if  this  channel  is  used  alone  (Dreyfus). 

Official  Unit  (U.S.P.H.S.)- — This  b  ten  times  the  least  quantity  of  serum  necessit; 
to  save  the  life  of  a  350-Gm.  guinea  pig  for  ninety-six  hours  against  the  offidal  txst-dose 
of  standard  toxin  furnished  by  the  U.S.P.H.S.  (Rosenau  and  Anderson). 

PREPARATIONS — ANTITETANIC  SERUM 

*Serum  AniUelanicum  (Ser.  Antitetan.),  U.S.P.  (Tetanus  Antitoxin). — ^The  senim 
of  horses  highly  actively  Immunized  against  tetanus  toxin.  It  resembles  Diphtheiia 
Antitoxin  and  must  meet  analogous  requirements.  Average  doscj  Curative,  i^ooo 
units;  Protective,  1,500  units,  U.S.P. 

*Ser.  Antitetan,  Purif.,  U.S.P.  (Antitetanic  Globulins;  Refined  and  Concentnted 
Tetanus  Antitoxin). — Analogous  to  Ser.  Antidiph.  Purif. 

*Ser.  Antitetan.  Sice,  U.S.P. — Analogous  to  Ser.  Antidiph,  Sice. 

ANTIMENINOOCOCCUS  SERUM 

This  is  markedly  successful  against  epidemic  cerebro-spinal  meningitis 
due  to  Diplococcus  intracellularis,  especially  if  used  early.  It  reduces  all 
the  symptoms,  clears  the  cerebro-spinal  fluid,  lessens  the  duration  and 
sequels,  and  diminishes  the  mortality  (Dunn,  1908;  Ladd,  1909;  Flexner, 
1913).    The  mechanism  of  its  action  has  not  been  decided. 

Preparation. — The  serum  is  obtained  by  the  method  of  Flexner  and  Jobling,  1908, 
from  horses  actively  immunized  by  injections  of  killed  meningococci,  autoly»ed  cul- 
tures, and  finally  living  bacteria,  successively  and  in  alternation,  the  treatment  being 
continued  for  months  until  the  desired  efficiency  is  obtain^l. 

Action. — The  serum  does  not  kill  the  bacteria  directly,  but  causes  their  disappeW' 
ance,  perhaps  by  stimulating  phagocytosis  and  intraleucocytic  digestion. 

Administration. — The  action  being  mainly  local,  the  serum  must  be  injected  intotl* 
subdural  canal,  early,  and  in  efficient  dosage.  As  it  is  absorbed,  several  injectioos  tx^ 
generally  needed.  The  usual  dose  is  15  to  30  c.c;  for  young  infants  10  c.c.  Cotbro- 
spinat  fiuid  is  first  withdrawn,  if  possible  the  same  bulk  as  the  serum  to  be  injected. 
The  blood  pressure  should  be  watched  during  injection  to  guard  against  excessive 
pressure.  A  drop  in  pressure  of  more  than  10  mm.  should  cause  withdrawal  of  tb 
needle.  The  administration  should  be  repeated  every  twelve  to  twenty-four  hours,  for 
at  least  four  injections;  and  longer  if  the  fluid  and  symptoms  have  not  cleared.  The 
occurrence  of  accidents  is  discussed  by  Flexner,  1913.  They  consist  in  sudden  cdI»P* 
with  stoppage  of  respiration  and  fall  of  blood  pressure.  The  effects  have  been  attrib- 
uted to  the  preservative  (Voegtlin,  1914);  but  this  is  probably  not  the  usual  cause 
(AuiT.  1914). 

AWTIPNEUMOCOCCIC  SERUM 

This  h:is  been  developed  against  strain  I  of  pneumococd  (Cole,  1917).  BulL  iQISj 
refers  iis  action  to  agglutination. 

HAY  FEVER  PREPARATIONS 

Pollen  Extracts  (\.X.R.). — These  are  used  for  the  diagnosis,  prophylaxis  and  treat- 
ment of  *' hay-fever."  The  most  important  pollens  are  those  of  grasses  for  the  spiinSi 
and  rag-weed  for  fall  fScheppegrell,  1917).  The  susceptibility  of  the  patient  can  bt 
ascertained  by  the  reaction  of  the  conjunctiva  or  scarified  skin  to  the  poUen  cxtractJ 
(cf.  Longcope,  1916). 
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luatcd  injecttons  of  the  specific  extracts  appear  samelimes  to  confer  a  limited 
5rce  of  tolerance. 

Hay  fever  vaccines  are  also  being  tried.  Oppenheiraer  and  Gottlieb,  19151  warn 
linsl  Lhcir  use. 

Serum. — This  is  obtained  from  horses  injected  with  the  pollen-toxin  of  various 
rnts  which  arc  supposed  to  cause  hay  fever  (Blackley.  1873;  Dunbar,  191 1).  It  is 
:d  locally  in  the  eyes  and  nose.  Its  value  is  limited;  it  is  not  curative,  but  may  give 
nc  relief.  "Fall  Pollanlin"  or  "Dunbar*s  Scrum"  is  prepared  from  ragweed  pollen. 
i5  marketed  as  serum  and  dried.     Other  serums  are  obtained  from  goldcnrod,  etc. 


I., 


VACCINE  VIRUS 


lis  consists  of  the  scrapings  from  the  pustules  or  vesicles  of  vaccinia 
cowpoXf  of  vaccinated,  but  otherwise  healthy  calves.  It  must  be 
novcd  aseptically,  is  further  sterilized  by  standing  with  glycerin,  tested 
:  the  absence  of  bacteria,  and  marketed  in  tubes  or  "points."  -It  is 
ed  by  inoculation  (vaccination)  to  produce  active  immunity  against 
lallpox,  the  protection  lasting  four  to  ten  years. 

Preparation. — The  *'pulp"  is  curetted  from  the  t\'pical  vaccinia  vesicles.  The 
vmpb"  which  flows  afterward  was  formerlv  used  for  making  *'dr>'  points;"  but  as 
IS  less  potent  and  generally  septic,  it  should  not  be  used.    The  pulp  is  ground  with 

to  60  per  cent,  of  glycerin,  and  allowed  to  "ripen."  This  presences  the  virus,  but  kills 
DSt  nf  the  bacteria.  The  establishments  must  be  conducted  under  federal  supervision 
id  license. 

PREPARATIONS — VACCINE  \lRnS 

*Virus  Vaccinicum  (Virus  Vaccin.),  U.S. P.;  Vaccine  Virus  fGIycerinated  Vaccine 
inis;  Jenncrian  Vaccine) . — The  pustules  of  \Tfccinia  or  cowpox  removed,  under  aseptic 
)iMiition&,  from  vaccinated  animals  of  the  bovine  species.  Preser\'ed  at  a  temperature 
tlwccn  4.5"  and  i5"C,.  protected  from  light.  The  vaccine  pulp  is  thoroughly  rubbed 
|)  in  a  mortar  ur  passed  through  a  special  grinder,  strained  to  remove  coarse  particles, 
Ml  made  into  a  smooth  emulsion  with  a  glycerin  solution.  Vaccine  Virus  gradually 
oes  in  potency,  the  loss  being  more  rapid  at  high  temperatures  than  at  low 
imperatures. 

ANTIRABIC  VACCINE 

This  consists  of  emulsions  of  the  spinal  cords  of  rabbits,  which  have 
ied  as  the  result  of  subdural  injection  of  "fixed''  rabies  virus.  If  the 
Uease  is  not  too  far  advanced,  so  that  at  least  fifteen  days  of  treatment 
re  possible,  the  mortality  is  less  than  i  per  cent.,  against  15  or  20  per 
ent.  in  untreated  cases  (Stimson,  1910). 

Preparatton. — Fixed  virus  is  obtained  by  the  passage  of  rabies  virus  through  a 
*ng<erics  of  rabbits,  till  it  acquires  a  hxed  incubation  period.  This  &xcd  %'irus  is  less 
ftpablc  of  producing  rabies  on  subcutaneous  injection.  The  spinal  cord.s  of  the  infected 
'obits  are  further  attenuated  by  graduated  drying.  In  llie  treatment,  emulsions  of 
»Qrtasing  virulence  are  daily  injected  hATxxIermicaUy,  the  scheme  of  dosage  varsing 
ccorrling  to  circnmst.inces;  but  generally  wginning  with  cord  dried  for  eight  to  twelve 
*yiand  gradually  increasing  till  **two-ciay"  cord  is  used. 

TUBERCULIN  PREPARATIONS 

These  represent  the  toxic  products  of  the  tubercle  bacilli;  consisting 
ithcr  of  solutions,  i.e.,  filtered  germ-free  cultures  {e.g.^  old  tuberculin); 
r  of  suspensions  of  killed  and  ground  tubercle  bacilli  (tubercle  vaccine, 
ew  tuberculin,  emulsion).  They  are  used  for  the  diagnosis  and  Ireat- 
Bt  of  tuberculosis.  The  two  classes  of  preparations  are  practically 
mica]  in  action,  differing  only  quantitatively  and  in  absorbability. 
he  filtered  cultures  are  more  evenly  absorbed  and  therefore  permit  a 
'tter  control  of  dosage,  and  are  thus  safer  for  diagnostic  tests  and  early 
eaiment. 
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DiagnoBtiC  Use. — Relatively  large  doses  of  tuberculin  have  no  efiect  on  normjl 
indi\nduals;  but  in  tuberculous  patients,  there  b  a  definite  inflammatory  reaction  atN>ut 
each  localized  tuberculous  lesion,  with  slight  lebrili:  symptoms.  The  lest  is  anpUcJ  in 
various  ways.  It  requires  special  knowledge  and  experience  ior  it*  proper  periormAncc 
and  interpretation;  otherwise  it  may  do  much  harm  (Baldwin,  iQio). 

Therapeutic  Use. — It  is  questionable  whether  tuberculin  ever  produces  actual  iiti 
muni^ution;  but  ft  course  of  carefully  graduated  doses  diminishes  the  sensitivcniss  to 
the  toxin,  and  therefore  the  constitutional  phenomena  of  the  disease.  The  local  rea* 
tion  about  the  tuberculous  foci  also  tends  to  their  cicatrization  and  absorption  (Tn 
dcau,  igo7,  Baldwin,  1913).  The  artitidal  resistance  is  gradually  lost  after  the  treat 
mcnt  is  discontinued. 

For  therapeutic  purposes,  the  tuberculins  must  be  administered  hypodermkallr 
The  proper  dosage  requires  experience  and  judgment.  Ready-made  "serial  dilutions" 
deteriorate  rapidly  and  arc  not  recommended.  Various  preparations  of  tuberculin  »rt 
listed  in  N.NT.R.;  the  following  are  important: 

•Old  Tuberculin,  "O.T.".  Koch's  Tuberculin  (N.N.R.).— Prepared  by  concenlnt 
ing  a  six  to  eight  weeks'  glycerin-bouillon  culture  of  tubercle  bacUli  by  evaporating  lo 
one-tenth  its  volume,  and  filtering;  contains  50  per  cent,  of  glycerin. 

Tuberculin  "Denys",  "B.F.",  Bouillon  FilSraic — A  simply  filtered  culture,  not 
boiled. 

New  Tuberculin,  "T.R.'*,  Tuberculin  Residue,  Koch. — This  represents  a  compka 
extract  of  virulent  human  tubercle  bacilli;  the  dried  bacteria  are  subjected  to 
longed  grinding  and  thereby  killed.     They  are  then  suspended  in  normal  saline,  ecu 
ugalized,  and  the  first  supernatant  fluid  is  rejected.     The  sediment  is  again  ground 
saline  and  centrifugalized.     This  fluid  is  saved.     The  process  is  repeated  until  al 
no  sediment  remains.     The  supernatant  fluids  are  united,  mixed  with  20  per  cent 
glycerin  and  a  little  formaldehyd  and  adjusted  so  that  each  cubic  centimeter  rcprtsert* 
10  mg.  of  dry  bacilli. 

Bacilli  Emulsion,  "B.E.",  Koch. — A  suspension  of  ground  bacteria  in  50  per  cfpt 
glycerin,  s  mg.  in  i  c.c.    Any  surviving  bacteria  arc  killed  by  heating  for  an  hour  to 

TYPHOID  VACCINE 

This  has  given  completely  successful  results  for  immunization  (KussIL 
1913  and  1914).  lasting  at  least  two  years  (Harris  and  Ogan,  1914).  Tbt 
injections  are  now  repeated  annually  (McCoy). 

Tyohoid  vaccine  consists  of  a  suspension  of  avirulcnl  typhoid  bacilli. 
killed  by  heating  for  an  hour  at  55**C.,  and  preserved  by  0.35  per  cent. 
cresol.  It  should  be  injected  subcutaneously  (not  intramuscularly)  in  tbr 
arm,  giving  500  million  bacteria  at  the  first  injection;  and  two  further 
injections,  each  of  one  billion  bacteria,  at  ten-day  intervals.  Il  general!) 
causes  some  local  reaclion.  and  sometimes  more  or  less  severe  but 
harmless  febrile  symptoms  (Russell,  191 2),  It  is  safer  to  avoid  itsadroini^- 
tralion  to  any  but  healthy  individuals;  not  to  inject  il  into  a  vein  or  intra- 
muscularly; to  avoid  exposure  of  the  patients  to  sun,  alcohol  or  exertion; 
and  not  to  give  il  during  menstruation  or  pregnancy  (Harris  and  Ogai 

1914). 

The  intravenous  injection  of  ty^ihoid  vaccines  is  being  used  in 
developed  typhoid  fever  (E.  Fraenkel,  1876;  Gay  and  Chickering,  k 
Hektocn,  1916)  and  especially  against  rheumatic  fever.     Il  often  induci 
a  crisis  and  prompt  recovery.     The  action  is  probably  not  due  lo  specif 
antibodies,  for  similar  effects  are  produced  by  other  vaccines,  aJbumt 
etc.  (J  L.  Miller  and  Lusk,  1916;  Jobling,  1917}.    It  is  a(>parently  » 
result  of  the  fever. 

Use  in  Rheumatic  Fever. — The  intravenous  injection  of  the  lyphoi 
vaccine  is  followed,  after  one-half  lo  one  hour,  by  a  chill,  lasting  15  lo 
minutes,  wilh  headache  and  nausea,  fast  pulse,  cyanosis.     This  is  follow! 
by  sweating  and  relief  of  the  joint  pains.     The  temperature  reaches 
maximum  in  3  lo  4  hours,  and  returns  to  normal  within  48  hour$  afli 
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injection.  The  leucocytes  show  a  transient  fall,  then  a  marked  rise,  with 
its  maximum  6  hours  after  injection.  The  blood  pressure  rises  during 
the  chili,  then  falls  for  3  or  4  hours.     The  urine  shows  no  special  changes. 

In  unfavorable  cases  the  chili  lasts  several  hours,  and  is  accompanied 
by  marked  collapse  (Scully,  1917). 

Irons,  19T7,  warns  against  the  promiscuous  use  of  the  method,  as 
tending  to  careless  diagnosis;  but  especially  because  of  the  frequent  ex- 
cessive severity  of  the  reactions.  Their  use  is  only  justified  on  the  basis  of 
special  experience. 

R.  G.  Snyder,  19 18,  considers  the  foreign  protein  treatment  more 
cflfective  than  other  therapy  against  acute,  subacute  and  chronic  arthritis; 
and  believes  that  it  is  harmless  when  used  with  proper  precautions. 

GONOCOCCUS  VACCWE 

This  is  beinR  used  with  fair  results  in  subacute  and  chronic  gonococcuB  infections 
involving  iho  joints.  It  is  less  useful  in  other  situations.  It  is  also  marketed  && 
"Xcisser  Bacteria. ** 


THEORIES  OF  NARCOSIS 

General  Statement. — The  aliphatic  compounds  or  hydrocarbons,  like 
the  benzol  compounds,  resemble  each  other  closely  in  their  main  actions. 
Their  most  conspicuous  effect  on  the  higher  animals  consists  in  stupe- 
faction, passing  with  larger  doses  into  insensibility  and  motor  paralysis; 
i.e.,  into  profound  narcosis  or  anesthesia  of  central  origin.  Analogous 
narcotic  effects  are  produced  on  all  forms  of  protoplasm.  Hemolysis  is 
also  a  conspicuous  effect. 

Narcosis  is  one  of  the  most  common  and  striking  pharmacologic  phe- 
nomena. Many  attempts  have  been  made  to  gain  a  clearer  conception  of 
it?  intimate  nature,  especially  through  the  study  of  the  aliphatic  narcotics. 
The  relations  between  the  chemic  structiu^e  and  the  pharmacologic 
efficiency  were  extensively  investigated.  More  recently,  a  deeper  insight 
has  been  gained  by  the  discovery  that  the  narcotic  and  hemolytic  effects 
of  this  series  are  intimately  related  to  the  solvent  action  on  lipoids;  or 
rather,  to  their  "partition  coefficient,"  i.e.,  their  solubility  in  oils,  divided 
I  by  their  solubility  in  water.  The  discovery  of  this  law  by  Meyer  and 
I  CVverlon  was  an  important  step  in  the  solution  of  the  problem,  and  opened 
^^he  way  for  the  intelligent  investigation  of  further  theories.  Several  of 
^Hjbesc  are  in  the  field  at  present,  as  will  be  explained  later. 

^H^  Definition  of  Narcosis. — This  is  defined  bv  R.  S.  Lillie,  1Q16,  as  s>'non>Tnous  with 
^^pbc-^thcsia :  "A  physiological  condition  in  which  the  normal  responsiveness  or  auto< 
'  tnatic  activity  oi  the  livinR  5>Titem — organism,  tissue  or  cell — is  temporarily  decreased 
nr  abolished."  The  definition  is  perhaps  too  comprt'hensive,  but  it  emphasizes  the 
two  essential  features,  the  depression  and  the  rcvxrsibility  or  possibility  of  recovery. 
This  may  be  lost  if  the  action  is  made  too  energetic. 

The  die&nition  also  brings  out  the  essential  similarity  of  steep,  fatiKue,  cold,  electric 
inhibition  Unelectrotonus},  and  of  certain  ions  to  the  narcotic  effects  of  the  aliphatic 
series. 

Influence  of  Chemic  Structure. — An  historical  review  of  the  older  theories  of  narcosis 
is  given  in  0\'erton'<*  book.  The  earlier  studies  indicated  that  the  actions  of  this  series 
appear  to  be  influenced  quantitatively  by  the  chemic  structure;  and  much  labor  has 
been  expended  on  determining  the  share  of  various  side-ch&ins  (Binz,  1881;  Baumann 
and  Kast,  1S90)-  The  results  (summarized  in  Schmicdcbcrg.  Gnindriss  d.  Pharma- 
cologic. 1900,  p.  19)  seemed  to  show  certain  relations,  hut  the  generalizations  have  not 
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stood  the  lest  of  wider  exrwrience  (Diehl,  1894;  Meyer,  iSqq;  Kionka,  1900).  In  fact^ 
it  bos  been  pretty  dednitely  shown  that  the  chemic  structure  affects  the  narcotic  actioa 
only  indirectly,  namely  by  modifying  the  partition  coelScient,  which  varies  in  a  defimite 
manner  with  changts  in  comjwsition.  However,  special  side-chains  may  be  responsible 
for  side  actions.    Thus,  chlorin  compounds  arc  peculiarly  toxic  to  the  heart. 

Empiric  Relations. —  These  are  practically  interesting  and  important,  altliough 
they  have  lost  theoretical  significance.  The  following  conclusions  appear  justibcd: 
Other  things  being  equal,  the  strength  of  action  increases  with  the  length  of  the  chain. 
\  limit  is  soon  reached,  however,  for  the  drugs  become  less  volatile,  less  soluble  and  leM 
absorbable  the  higher  Ihey  stand  in  the  scries;  so  that  the  higher  paraffins  arc  entirely, 
insoluble  and  inactive.  The  ethyl  radical^CjHa,  seems  to  be  best  adapted  to  therapeutic 
purposes.  The  action  may  be  modified  by  repUidng  the  H  of  the  group  by  other  ele- 
ments or  groups.  The  compounds  so  formed  all  possess  the  t>'pical  action  of  the  hydro- 
carbon group;  but  this  may  be  so  overshadowed  by  other  actions  as  to  be  scarcely 
appreciable.  A  good  cxaniple  of  this  is  the  introduction  of  the  group  NO-.  ThisacU 
very  much  more  strongly  than  the  hydrocarbon  part  of  the  molecule,  and  consequently 
the  nitrite  action  is  obtained  long  before  there  can  be  any  hydrocarbon  action.  The 
same  is  true  if  we  sub*ititule  an  aromatic  radical  The  introduction  of  certain  other 
radicals  weakens  the  hydrocarbon  action  to  a  very  great  extent.  We  may  mention 
especially  the  acid-forming  radical  COiH.  The  introduction  of  hydrocarbon  radicali 
into  an  amin  molecule  destroys  their  action  entirely.  I'he  introduction  of  more  than 
one  OH  group  also  weakens  or  destroj-s  the  action,  .\ldehyds  and  ketones  are  more 
active  than  tne  corresponding  alcohols.  The  introduction  of  the  halogens,  and  espe- 
cially of  Cl,  often  cnnanccs  the  action,  but  this  i.^  not  proportional  to  tJie  nuroMr 
CI  molecules  introduced.  The  introduction  of  O  (cthcrsl  also  increases  the  action. 
The  introduction  of  acids  (esters)  weakens  it. 

Narcosis  and  Sleep. — The  analogies  of  narcosis  in  the  higher  animals,  with  ibe 
phenomena  of  natural  sleep  suggested  a  common  origin  to  the  earlier  investigatorto 
Since  sleep  was  then  explained  by  terehral  anemia  (Durham,  i860)  the  same  eTj>Uiu- 
tion  was  adopted  for  narcosis  (Bedford-Brown,  i860).  However,  it  was  subsequently 
found  that  changes  in  the  cerebral  drcuJatioD  are  small  and  variable  (Cl.  Bernard, 
1875). 


All  the  theories  of  deficient  niUrition  of  the  brain — whether  through 
anemia  or  otherwise — are  definitely  disproved  by  the  fact  that  narcosis 
can  be  induced  in  frogs  in  which  all  the  blood  has  been  displaced  by  saline 
solution,  or  in  which  the  cerebral  circulation  has  been  arrested;  in  excised 
nerve-muscle  preparations;  in  animals  which  do  not  possess  blood;  in 
plants;  and  even  in  unicellular  organisms. 

Coagulation  Theories. — The  aliphatic  narcotics  coagulate  proteins,  and  this  ««• 
gested  to  Cl.  Bernard,  iiS^.i  and  1S75,  that  narcosis  might  be  due  to  a  scmicoajfuUt*» 
of  the  protopLism,  analogous  to  the  muscle-rigor  produced  by  chloroform.  This  iheon' 
had  no  direct  experimental  foundation;  but  it  was  elaborated  by  Binz  d-eclures,  |80''. 
who  showed  histologically  that  the  cells  of  fresh  brain  sections  are  coagulated  by  »ln- 
Uons  of  chloroform  or  morphin;  but  he  had  to  employ  relatively  enormous  concentra- 
tions, nor  could  it  be  supposed  that  the  coagulated  cells  could  ever  resume  their  actiWly 
The  theor\-  was  therefore  untenable,  at  least  in  this  form. 

Removal  of  Lipoids.— Bibra  and  Harless.  1S47.  immediately  after  the  disco>*tty  of 
the  anesthetics,  drew  attention  to  the  fact  that  practically  all  fat-solvents  are  narcotics 
and  suggested  that  they  dissolve  the  fats  out  of  the  ncr\*e  cells.  The  difficult)'  of 
e\plaining  the  rapid  recovery  proves  that  this  thcor>-  can  not  be  correct.  It  was  acror*!* 
ingly  abandoned;  but  later  workers  continued  lo  point  out  more  or  less  quanlititK'e 
rebtions.  Hermann.  1R66.  /./..  showed  that  all  the  aliphatic  narcotics  dissolve  red 
blood  corpuscles,  connected  this  with  their  lipoid  solubility,  and  first  suggested  the 
modem  theory.  Conversely.  Kicbet,  i8qs,  argued  that  the  narcotic  efficiency  is 
inversely  proportional  to  the  solubility  in  water. 


1 


Meyer-Overton  Law. — The  relations  observed  by  Hermann  and  by 
Richet  were  striking  but  not  conclusive.  It  was  only  by  their  combination 
that  an  exact  (|uantitalivc  relation  could  be  demonstrated.  This  was 
done,  independently  and  practically  simultaneously  by  H.  Meyer  and 
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Overton,  1899  and  1901,  They  showed  a  very  close  parallelism  between 
narcotic  efficiency  and  the  "partition  coefEcienl:** 

Solubilitv  in  fat  (S^)         r«.     ..  .       ,.  •         ai  •     .   .1.  _r  1 

^  ,  ■  .,.  .  — — 7cr-r'  The  higher  this  coefficient,  the  more  powerful 
Soiubihty  in  water  (Sw) 

the  narcotic  action.  The  quantitative  relation  is  so  constant  and  the 
facts  in  its  support  so  numerous,  that  it  can  scarcely  be  doubted  that  the 
narcotic  effects  of  the  aliphatic  scries  depend  in  some  wa^'  on  their  lipoid- 
solvenl  action,  as  expressed  by  this  coefficient 

Partition  Coefficient. — The  experimental  determination  of  this  factor  is  described 
in  Hoeber  (p  iy6).  Bcrthelot  and  Jungflcisch,  1872,  showed  that  it  is  constant,  inde- 
pendent of  ihc  absolute  quantity,  provided  there  is  no  dissociation.  For  convenience, 
It  has  K)  far  been  determined  mainly  with  olive  oil.  Objection  has  been  made  to  this 
(Moore  and  Roaf,  1900).  since  this  oil  differs  from  the  cell-lipoids.  The  fact  that  the 
law  holds  also  for  hemolysis,  practically  disposes  of  this  objection. 

Lipoids. — This  term  is  applied  to  a  chemically  heterogeneous  ^roup  of  substances, 
incluoing  phospliatids  (W.  Koch,  iQiit;  especially  lecithin  and  kephalin,  cerebrin, 
cerebrosids,  cholcsterin,  and  others.  They  arc  waxy  substances,  which  dissolve  readily 
in  lipolytic  solvents,  and  take  up  niprc  water  slowly,  but  not  solutions  of  sugars  or 
salts.  They  occur  in  all  cells,  particularly  in  the  plasma  membrane,  probably  in  an 
emulsified  condition.  Ner\'ous  tissue  is  rich  in  these  lipoids  (Stewart's  Physiology). 
The  functions  of  the  individual  lipoids  have  certain  features  in  common,  but  in  some 
respects  they  behave  very  differcntlv,/./.,  cholcsterin  and  lecithin  have  opposite  effects 
CD  hemolysis  and  phagoc>*tosis  (Stuber.  1913). 

The  term  lipim  has  been  introduced  to  cover  alt  substances  that  dissolve  in  fmt- 
sotvents;  i.t.,  it  covers  fats  and  fatty  acids  as  well  as  the  lipoids. 

Evidence  for  the  Meyer-Overton  Law, — The  narcouc  concentrations  have  been 
determined  mainly  on  tadpoles;  but  the  law  has  also  been  demonstrated  on  other 
animaU,  plants  and  liwues.  According  to  the  theory  every  absorbable  substance  which 
is  a  fat-snlvent  should  have  an  anesthetic  action;  this  should  be  seen  in  all  cells  (since 
every  cell  contains  lipoids);  it  should  occur  in  the  same  concentration  of  solution;  the 
anesthetic  action  of  a  mixture  should  enual  the  simple  sum  of  the  actions  of  its  constit- 
uents; the  effect  should  be  proportional  to  the  concentration,  and  not  to  the  aljsolute 
dose,  etc.  These  postulates  a^ree  ver>'  well  with  the  actual  facts.  The  relation  of  con- 
teniration  to  action  is  especially  interesting.  Precisely  the  same  concentration  of  chloro- 
form or  ether  produces  the  same  degree  of  anesthe«.ia  in  all  cells  (excepting  plants  and  a 
few  invertebrates).  For  instance,  ordinar>'  anesthesia  requires  in  all  animals  a  con- 
centration of  anesthetic  to  serum,  of  ether,  1:400;  of  chloroform,  1:4.500  to  6,000; 
but  cold-blooded  animals  reach  the  same  concentration  in  the  blood  with  a  lesser  con- 
centration in  the  air,  on  account  of  their  lower  temperature.  Again,  in  those  cases 
io  which  the  coefficient  changes  with  temperature,  etc.,  the  narcotic  power  changes 
in  the  required  direction:  Meyer,  iqoi,  showed  that  rise  of  temperature  increases 
the  coefficient  and  the  narcotic  action  for  hydratcd  chloral;  and  depresses  both  for 
salicj'lamid  Fuehner,  1900.  investigated  the  influence  of  mtsed  narcotics,  and  found 
ihat  the  coefficient  and  narcosis  were  always  modified  in  the  same  direction. 

It  must  not  be  expected,  however,  that  the  aercemcnt  will  hold  for  every  case,  for 
other  complicating  factors  may  enter.  For  instance,  the  influence  of  temperature  on 
^ucDtic  eujciency  is  nut  always  parallel  to  the  partition  coefficient  nor  to  the  surface 
^■bon. 

^^The  Meyer-Overton  Law  Applies  Only  to  the  Aliphatic  Narcotics. — Cushny  has 
pointed  out  that  many  benzol  derivatives  which  are  not  narcotic  have  a  high  partition 
coefficient.  In  this  case,  however,  the  coefficient  modifies  the  anli-wptic  action.  The 
peripheral  nervous  system,  although  rich  in  lipoids,  ts  not  easily  attacked  by  the 
alipuatic  narcotics.  Morphin  and  other  basic  and  saline  narcotics  do  not  obey  the 
law,  and  must  act  by  entirely  different  mechanisms.  This  does  not  of  course  impair 
the  validity  of  the  law  as  applied  to  the  aliphatic  narcotics. 

Influence  of  Extraneous  Fats  on  Narcosis. — It  might  be  expected  that 
:osLh  would  be  aflfecicd  by  fatly  tissue,  deflecting  a  certain  amount  of 
anesthetic;  but  this  does  not  seem  to  be  the  case  to  a  notable  degree. 

rfansfcld.  1005,  suggested  the  low  resistance  of  starved  animals  to  be  due  to  this, 
is  not  convincing,  for  in  starvation  the  resistance  is  lowered  in  many  other 
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directions.    Indeed,  Mansfeld's  experiments  contradict  his  explanation;  for  starvation 
did  not  increase  the  susceptibility  to  the  tj-nical  lipolytic  narcotics,  alcohol  and  ur 
thane;  whilst  the  susceptibility  was  increased  for  morphia,  which  probably  docs  at 
act  as  a  lipoid  solvent.     Cloetta,  1Q07,  tried  the  converse  experiment,  the  influence 
increasing  the  fatty  tissue;  but  his  results  scarcely  justified  general  conclusions. 

\erking.  looH.  claimed  that  anesthesia  can  be  cut  short  by  intravenous  injection 
lecithin.     This  has  been  contradicted  by  Kramer,  igij,  who  took  the  necessary  pi 
caution  to  keep  the  concentration  of  the  anesthetic  constant  by  intravenous  injectioi 
Lattes,  t9ii,  stated  that  fatty  food,  or  the  injection  of  fat-emulsinns  into  thedrcul 
tion,  increases  the  narcotic  action  of  chloroform,  perhaps  by  lessening  the  pulmonai 
excretion.     Hanschraidt.  iqi  j,  supports  Xcrking,  and  aflarms  that  lecithin  has  a  prote 
tivc  action  against  narcotics,  but  also  against  a  number  of  alkaloids  tcurare,  str>'chni 
morphin).     The  results  have  therefore  been  contradictory  and  have  little  bearing 
the  lipolytic  theory.     Salzmann.  iqi^,  reports  that  cream  and  other  fats  delay  slightl 
the  absorption  and  therefore  the  action  of  alcohol  and  other  lipolytic  narcotics, 
and  Riche,  iqi^,  find  that  the  percentage  of  fat  in  the  blood  is  lowered  propoi 
the  degree  of  narcosis;  but  since  this  occurs  also  with  morphin,  it  has  no  bearing 
lipoid  theory. 

Changes  Effected  by  Lipoid  Solvents. — The  partition  coefficient  d 
not  explain  the  nature  of  narcosis,  and  it  is  necessary  to  resort  lo  further 
theories.  The  rapid  recovery  after  removal  of  the  anesthetics  proves  that 
they  can  not  actually  dissolve  the  lipoids  out  of  the  cells.  Meyer  there- 
fore assumed  that  they  merely  liquefy  these  constituents  in  the  cells  and 
thereby  alter  their  functions.  Overton  had  shown  that  the  selective  per- 
meability of  cells  depends  largely  on  the  lipoids  of  the  plasma  membrane. 
Any  change  in  these  would  necessarily  alter  the  permeability;  and  it  ha* 
been  demonstrated  that  narcosis  is  actually  characterized  by  such 
alterations. 

Polarization  Theory  of  Stimulation. — Narcosis  consists  in  suppression 
of  irritability;  and  it  will  be  impossible  lo  understand  it  fullv  until  the 
nature  of  stimulation  is  understood.  There  is  now  considerable  evidence 
that  stimulation  depends  upon  a  change  in  the  electric  polarization  of  the 
cells,  due  to  a  change  in  the  concentration  of  the  ions  at  the  cell  merabranf 
(Nernst,  1899),  and  brought  about  by  a  sudden  increase  of  the  permea- 
bility of  the  plasma  membrane.  According  to  this  view,  the  actions  of  the 
lipolytic  narcotics  would  be  explained  quite  simply  by  their  modifica- 
tion of  the  lipoids  of  the  plasma  membrane,  rendering  impossible  ihf 
changes  In  permeability  which  are  necessary  for  stimulation.  Changes 
in  the  plasma  membrane  could  also  be  effected  by  other  means,  and  ilic 
narcotic  efFecls  of  salts  can  be  explained  in  this  manner.  A  plausible 
explanation  of  the  actions  of  morphin  and  most  of  the  local  anesUiclics 
is  still  lacking. 

Permeability  of  the  Plasma  Membranes. — Overton  found  that  cells  are  generally 

impermeable  to  neutral  salts,  sugars,  etc.;  but  easily  permeable  to  lipolytic  i^uhstmace^H 
This  rule  is  not  absolute — there  are  important  exceptions,/./.,  for  metaSolicsubstincwJ 
and  for  some  of  the  dyes,  but  it  is  suflBcicntly  general  lo  indicate  thai  cells  behave a»t»^ 
they  were  surrounded  by  a  lipoid  film.     The  dL*parturcs  from  the  rule  are  jKrhap* 
explained  by  the  intermixture  of  other  colloid  constituents  (A.  P.  Mathews.  iqioJ- 
This  protective   film,  the  "plasma  membrane,"  is  probably  formed   by  the  suffwc' 
condensation — according    to    the    Gibbs-Thomson    principle — of    subslAnces,   wliid* 
lower  surface  tension,  as  do  the  lipoids.  ^^ 

(A  schematic  presentation  of  tne  plasma-permeability  method  is  given  by  Tl.^lnler^l 
stein,  1916.) 

Relation  of  the  Membrane  to  Stimulation. — This  subject  is  well  summarized  bj^ 
R.  S.  Lilly,  igi.i-     The  semipermeabilily  serves  to  maintain  the  differences  of  ekclrit 
potential  fas  shown  by  the  dcmarkadon  current)  which  is  essential  to  life.     Thi«.  poi« 
tial  disappears  with  death,  and  is  impaired  by  all  poisons  which  injure  the  semiper' 
meability;  and  amongst  these  by  the  anesthetics  (Waller  and  Alcocic,  1906).    Add>-» 
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alkalies  and  certain  ions  also  disturb  the  potential;  but  these  act  prr5umably  on  the 
other  colloids  of  the  membrane.  Analogous  phenomena  arc  observable  in  artibciaJ 
systems  of  phosphatid  and  salt  solutions  (J.  Loeb  and  Ueutncr,  1013). 

Excitability  and  Conductivity  of  Nerve.^Narcosis  of  a  nerve,  however  produced. 
atwAN*^  lowers  both  thee«  functions  in  strict  parallel  (Verworn,  Krregung  und  LacH- 
mung,  p.  i3i).  While  a  normal  nerve  conducU  without  loss  of  stimulus,  a  narcotised 
ncr\-e  snows  therefore  a  decrement  during  conduction  (ibid.,  p.  127). 

Relation  of  Permeability  and  Stimulation. — This  is  illustrated  particularly  by  the 
experiments  of  R.  S.  LiLlie.  igi :,  on  Arcnirola  larvx.  He  found  that  pure  solutions  of 
NaCl  produce  stronit;  stimulation  and  at  the  same  lime  incrcuiic  the  permeability,  as 
shown  bv  the  diffusion  of  piRment  and  the  dissolution  of  cilia.  Mg,  Ca  and  aliphatic 
anesthetics  produce  depression  and  lessen  the  permeability,  so  that  they  prevent  the 
effects  of  NaCI.  The  Mg  ions  and  the  aliphatic  anesthetics  probably  act  on  different 
constituents  of  the  envelop.  It  is  therefore  all  the  more  striking  that  in  both  cases  the 
narcosis  is  characterized  by  diminished  permeability.  Similar  phenomena  are  observed 
in  the  effects  of  anesthetics  on  the  sensitive  plant.  In  nen'c  fibers  and  in  muscle, 
Hoeber,  iqis,  found  that  low  concentrations  of  anesthetics  decrease  permeability,  for 
they  prevent  the  swelling  which  normally  occurs  in  solutions  of  potassium  salts.  High 
concentrations  increase  the  permeability;  this  would  correspond  to  a  toxic  effect. 
Both  phenomena  have  been  tunhrmcd  on  fish-eggs  by  McClendon,  1Q15.  Osler- 
hout,  iQii,  1913,  lyi^.  showed  that  anesthetics  lessen  the  electric  conductivity,  and 
therefore  the  permeability,  of  plants.  (Fatal  concentrations  again  increase  the 
permeability.) 

Tk£  me/kanism  ftv  ivhick  the  lipolylic  agcnis  inirrfrre  with  the  pcrmcahUity  of  the  lipoid 
membrane  is  unexplained.  It  consists  probably  in  a  physical  change  of  the  colloids. 
Suggestive,  but  not  altoRclhcr  consistent,  parallels  have  been  drawn  with  colloidal  sus- 
pensions of  lipoids. /.r.,  Hoeber  and  Gordon,  1914,  found  an  interference  of  anesthetics 
with  the  precipitation  of  lipoid  suspensions  by  calcium;  others  obser\'cd  increased 
viscosity  of  lecithin  suspension  (Handowsky  and  Wagner,  1911;  A.  Thomas,  1915). 
CloA-es  describes  a  change  in  emulsions,  so  as  to  promote  the  continuity  of  the  fatty 
phase.  The  various  liiwlylic  anesthetics  differ  in  their  effects  on  the  state  of  aggrega- 
tion of  the  phosphutids  (W.  Koch,  iQio);  so  that  this  can  not  be  the  essential  factor 
in  narcosis.  S.  Loewe,  1013,  found  that  lipoid  membranes  are  rendered  less  permeable 
to  ions  by  lipolytic  agents,  and  suggests  that  the  adsorption  of  the  narcotics  converts 
the  colloids  of  the  plasma  membrane  from  a  hydrophilic  to  a  hydrophobic  modification. 
This  would  lessen  the  permeability,  and  therefore  the  functions,  [wtcntial,  etc. 

The  diminished  permeability  obtains  only  for  the  anesthetic  concentrations.  Toxic 
concentrations  increase  the  permeability,  as  seen  for  instance  in  hemolysis  (Hoeber, 
i9i.>;Joc!,  iqij).  Autolysis  is  similarly  increased  by  high  concent  rations*  Chinri).  H. 
Meyer,  igog,  attempted  to  explain  narcosis  by  increased  pemicabilily  through  liquefac- 
tion of  the  lipoids;  but  there  is  no  satisfactory  evidence  for  this  view. 

EmuUion  Theory. — The  fats  exist  in  the  protoplasm  as  emulsions;  and  the  liehavior 
of  artificial  emulsions  toward  anesthetic  offers  analogies  to  the  phenomena  of  anes- 
thesia (Clowes;  Fischer  and  Hoskin,  1016). 

Surface-action  Theory. — J.  Traube,  1Q04,  igio,  1(313  and  IQ15,  contends  that  the 
action  of  the  aliphatic  narcotics  is  not  due  to  solution  of  the  cell-lipoids,  but  to  con- 
densation or  adiisorption  of  the  narcotic  agent  at  the  surface  of  tne  gross  or  colloid 
Pi^des  of  the  protoplasm,  both  lipoid  and  protein.     The  catalytic  activity  of  these 
surfaces  would  thereby  be  diminished,  resulting  in  the  slowing  or  destruction  of  the 
^'>e»iiic  processes,  oxidations,  etc.,  and  thus  of  the  functions  of  the  cells.    Surface  con- 
ocnaalion  is  profiortional  to  lowering  of  surface  tension   (or  inversely,  to  "solution 
*finity"or**Haftdruck,"  the  tendency  of  a  substance  to  remain  in  solution).     Thisnro- 
""'*  '   •  -'ity  is  the  basis  and  test  of  Traube's  theory.     Since  the  surface  tension  and  the 
t  ocfficienl  are  generally  parallel,  it  is  difficult  to  decide  between  the  two  views; 
--    .L  appear  to  be  more  exceptions  lo  Traubc's  rule  than  to  Overton's  (UUic,  iqi6). 
ucJiner.  1912,  has  investigated  the  question  with  homologous  alcohol  and  finds  thiit 
w  h^molyih,  and  fur  animaJs  devoid  of  a  nervous  5>'Stcm,  the  efficiency  is  parallel  to  the 
'i'^^Jice  tension;  but  in  proportion  as  the  nervous  system  develops  the  aclixTty  of  the 
»ghtif  alcohols  becomes  relatively  greater,  and  agrees  better  witn  the  partition  coeffi- 
!*^t.     Ishizaka.  IQ14,  also  6nds  a  correspondence  between  hemolysis  and  surface  ten- 
*"**  in  a  series  of  terpen  alcohols  and  ketones;  but  the  chemlc  characters  also  had  an 
aductice. 

Stimulation  of  Phagocytosis. — Hamburger  and  de  Haan,  and  Bubano\*ic,  ion, 
ihow^^i  iii-^t  this  j>,  stimulated  by  minute  dosei  of  lipolytic  agents,  parallel  to  their 
coefficient.    This  is  probably  explained  by  a  lowering  of  uurface  tension. 
r   loncentralions  paralyze  the  movements  of  leucocytes. 
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MobiUzation  of  Potassium. — Mcnten,  1Q12,  states  that  the  quantity  of  potassii 
ions  in  medullated  nerve  tibers  is  increased  by  local  lipolytic  anesthetics  and  by  injui 
This  is  probably  an  expression  of  the  disturbed  permeability;  but  sincx  potassium  d< 
presses  the  conductinty  of  the  nerves,  il  is  conceivable  that  this  plays  a  part  in  narcmia 

Dehydration. —  Dubois,  18^4,  observed  exudation  of  water  in  narcotized  plant  cell 
and  suggested  that  narcosis  consists  in  dehydration.     Overton,  however,  showed  tl 
the  pheDomenon  is  a  manifestation  of  irreparable  injury,  and  not  of  narcosis. 

Verwom's  Theory  of  Oxygen  Deprivation. — Verworn,  1909  (Harv* 
Lectures,  1911;  ''Narkose/'  Jena,  191J),  an-.l  his  pupils  have  pointed  out 
that  narcosis  is  generally  accompanied  by  diminished  oxidation;  and  thai 
deficiency  of  oxygen  produces  anesthetic  phenomena.     They  therefoi 
believe  that  narcosis  is  due  to  interference  with  oxygenation;  an  incapa^ 
city  of  the  cell  substance  to  undergo  oxidation,  even  in  the  presence 
oxygen,  whilst  non-oxidative  destruction  proceeds  unchecked. 

Verworn  suggests  that  the  transmission  of  oxygen  may  be  a  function  of  the  Upoiii 
substances,  thus  accounting  for  the  Meyer-Ovcrton  law,  and  harmonizing  the  l^o 
theories.  Mansfield,  1909,  also  assumes  that  narcotics  lessen  the  solvent  power  of 
lipoids  for  oxygen  and  so  prevent  its  penetration.  This  is  contradicted  by  \\'inler- 
stein,  1913.  A.  P.  Matthews,  1914,  believes  that  the  anesthetics  fix  the  oxygen  receptor* 
of  the  protoplasm  into  a  non-irritable  anesthctic-protonlasm  combination.  Traubc 
believes  that  the  oxygen  catalyzers  are  hindered  by  suriacc  condensation.  Warbuii? 
and  Wiesel  &nd  a  precipitant  action  of  narcotics  on  yeast  press-juice,  parallel  to  loti- 
fermcnt  activity;  Batclli  and  Stern  describe  precipitation  of  nucleo-proteins  in  cell  ex- 
tracts, parallel  with  checking  of  oxidases.  On  tlie  other  hand,  Buercker,  igio,  »nd 
Baglioni  believe  that  the  narcotics  combine  with  the  o.xygcn. 

Verworn  concedes  that  high  concentrations  cause  other  changes,  such  as  coagulation; 
but  states  that  these  are  non-reversible,  and  therefore  not  concerned  in  Inic  narcosis- 

Verworn 's  facts  do  not  prove  his  theory;  for  since  narcosis  suppresses 
irritability,  it  would  naturally  depress  oxidation;  this  would  be  the  effect 
instead  of  the  cause  of  the  narcosis.  Conversely,  the  suppression  of  ini- 
tability  by  oxygen  deprivation  does  not  prove  that  every  narcosis  must 
be  due  to  oxygen  deprivation.  This  could  be  accepted  only  if  inter- 
ference with  oxidation  and  narcosis  were  always  strictly  parallel.  Thi5 
is  not  the  case,  and  the  theory  is  therefore  not  tenable. 


i 


Anesthetic  Effects  of  Oxygen  Deprivation. — The  anesthetic  effects  of  asphyiu 
have  long  lx«n  familiar.  As  samples  of  the  evidence  for  Verwom's  theory  may  ^ 
died  the  fact  that  frogs  perfused  with  saline  solution  become  incxcitable;  but  thai  tk 
excitability  is  preser\'ed  or  reappears  if  the  solution  is  oxygenated  (Verworn.  igool 
Similarly,  excised  nerve  loses  its  excitability  in  an  atmosphere  free  from  oxygen  (Frodich, 
1Q04).  Mansfcid,  igog.  showed  that  the  results  are  additive;  the  paraldehyd  nareoB* 
in  tadpoles  bcine  increased  by  degrees  of  oxj-gen  deficiency  whicn  are  in  therosdvtt 
harmless.  He  also  pointed  out,  1910,  that  oxygen  deficiency,  like  narcosis,  dccretstf 
the  current  of  rest  in  frogs'  skin.  Froelich  and  Ifeaton,  and  Tshikawa  showed  thil 
o.xygcn  deprivation  delays  recover>-  from  anesthesia. 

On  the  other  hand,  there  arc  instances  (ncr\'c  trunks,  vorlicella,  cilia)  in  whidi 
ox>'gcn  deprivation  acts  ver>'  slowly,  while  anesthetics  act  very  promptly.  HCN'. 
which  is  a  strong  asphyxiant,  is  a  weak  anesthetic,  .\naerobic  organisms  arc  »l« 
subject  to  narcosis,  snowing  at  least  that  this  h&s  nothing  to  do  with  free  oxA'gen  or 
its  penetration  into  the  cells. 

Diminished  Oxidation  in  Narcosis. — Herter  found  that  the  oxidizing  capacity  a^ 
tissues  for  methylene  blue  is  greatly  diminished  in  anesthesia.  Vernon,  190Q,  daiflU 
a  quantitative  relation  between  the  hemolytic  effect  of  alcohols  and  their  influence  on 
the  respiration  of  excised  kidneys.  Tashiro,  1913,  found  that  anesthetics  grtatlf 
diminisn  the  COi  output  of  nerves.  Alexander  and  Cserna,  1913,  claim  that  anea^j 
thelics  and  morphin  diminish  the  ox)'gen  consumption  and  COs  formation  of  tht 
brain. 

Verworn,  1913,  and  others  have  shown  that  various  anesthetics  inhibit  oxSdaMS 
parallel  to  their  anesthetic  activity.  However,  the  required  concentrations  are  of  the 
toxic  rather  than  of  the  anesthetic  magnitude. 
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my  Interference  of  narcosis  with  oxidation  is  the  general  rule;  but  there  are  important 
^■q>tiotu.  Wintersleiu,  ipis,  points  out  that  anesthesia,  even  when  continued  for 
l^qrft,  need  not  increase  the  activity  of  the  central  nervous  system;  while  asphyxia 
(oxygen  deprivation)  always  increases  the  acidity.  Anesthesia  therefore  does  not 
always  diminish  ondaiion.  Warburg,  lqio,  and  Loeb  and  Wasteneys,  1913,  &ndb  the 
oxygCQ  consumption  normal  in  narcotized  sea-urchin  eggs. 

Blood-catalase.— Burge,  Weill  and  Ashman.  iqi8,  claim  that  narcosis  is  accom- 
panied by  a  decrease  of  the  cutalase  content  of  the  blood,  roughly  parallel  to  the  depth 
and  rapidity  of  the  anesthesia.  In  deep  narcosis,  the  decrease  may  reach  t,o  to  40  per 
cent.  A  similar  relation  was  claimed  for  ether,  chloroform,  nitrous  oxid  and  magnesium 
anesthesia. 

Burge  assumes  lliat  narcosis  Is  due  to  direct  destruction  of  catalasc  by  the  anesthetic 
agent;  that  this  results  in  diminished  oxidation  and  that  this  produces  anesthesia. 
He  explains  recovery  by  increased  catalase  output  from  the  liver. 

However,  this  a^isigns  to  the  catalase  a  more  important  role  in  oxidation  than  is 
generally  accepted;  and  Becht,  igig,  throws  serious  doubt  on  the  results.  With  a  more 
reliable  method,  he  found  practically  no  change  of  catalase  during  anesthesia;  if  any- 
thing, there  was  a  slight  increase.  The  catalase  was  contained  entirely  in  the  corpuscles, 
and  the  slight  \'ariations  may  be  due  merely  to  changes  in  the  corpuscle-plasma  ratio. 
There  is  sull  no  evidence  that  the  catalases  have  anything  to  do  with  the  ordinary  pro- 
cesses of  the  body.  Afore  probably,  they  serve  to  destroy  peroxids  that  might  become 
harmful  rLoew"). 


as. — Alcohol  on  Purldnje  cdU.  cat — Xissl  stBtn  (after  C.  C.  Stewart):  i.  Normal;  a,  alcohol 
for  Gixy  minutes;  j.  (ur  fifty-four  houn. 


Cbemic  Theory  of  Moore  and  Roaf. — The  evidence  for  the  extension  of  the  lipol>'tic 
theories  to  the  permeability  of  the  plasma  membrane  is  not  as  complete  as  that  lor  tlie 
parallelism  of  tne  narcotic  action  and  the  partition  coefficient.  It  has  been  suggested 
f  Kochmann,  I9o^)  that  the  lipoid  solubility  is  merely  the  necessary  condition  for  the 
I'nirance  of  the  narcotic*^;  and  that  the  real  action  occurring  within  the  cell  may  be 
altogether  different,/.!.,  chemic  (Heymans  and  De  Buck,  igos)-  It  is  most  unlikely, 
however,  that  the  quantitative  parallelism  between  narcotic  effect  and  partition  coeffi- 
cient would  obtain  if  the  intracclluar  action  were  ba^cd  on  difference  properties.  Nor 
is  it  plausible  that  the  chemic  effects  of  the  chemically  dissimilar  lipolytic  substances 
should  all  result  in  the  identical  narcotic  phenomena. 

Interest  in  the  chemic  theories  was  revived  by  the  observations  of  Moore  and  Roaf, 
1^5,  which  indicate  the  possible  existence  of  hxtsc  reversible  chemic  combinations 
between  certain  anesthetics  and  proteins.  F.i.,  with  high  concentrations  of  chloroform, 
its  solubility  in  scrum  and  tissue  extracts  does  not  obey  the  ordinar>'  laws  of  solution; 
but  this  is  probably  an  adsorption  phenomenon,  which  need  not  have  anything  to  do 
with  narcosis.  Cushny,  igio,  finds  that  the  exhalation  of  the  volatile  members  of  the 
alkyl  scries  Is  exactly  analogous  to  their  evaporation  from  water>'  solutions,  indicating 
that  anesthetic  concentrations  exist  in  the  body  in  purely  physical  solutions.  The 
precipitation  of  proteins  by  lipolytic  agents  requires  much  higher  concentrations  than 
exist  in  anestbesuL. 
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Mon>hologic  Changes. — U  may  well  be  suppoficd  that  the  chances  in  the  physic 
composition  of  the  celt  will  produce  corresponding  changes  in  their  histologic  struciui 
Most  of  these  would  probaoly  disappear  in  the  process  of  fixation,  but  cerlAin  of  then 
appear  to  persist.  A  diminution  and  fusion  of  the  .Vi,tj/  grartuUs  have  been  described  bf 
good  observers  after  deep  anesthesia  (Fig.  25);  other  observers  have  not  been  able  U 
conBrm  this,  and  the  changes  may  be  only  artifacts.  Kocher,  1016,  emphasizes  ttai 
numerous  sources  of  error  and  the  inconstant  results  of  such  observations. 

It  is  als<»  slated  that  the  dendrite*  of  many  pyramidal  cpIU  show  moniliform  etw 
largemcnU;  the  alterations  disappearing  completely  within  forty  eight  hours,  even 
when  caused  by  chloroform  anesthesia  of  nine  hours'  duration.  Lepinc  and  DuvaJ 
attributed  anesthesia  to  retraction  of  the  dendritic  processes. 


ALCOHOL 


Ethyl  aJcohoI  is  a  local  irritani.  After  absorption,  it  depresses  the 
centra!  nervous  system,  especially  the  "higher  functions."  It  simulate* 
stimulation,  chiefly  by  lowering  the  normal  restraining  functions;  but 
there  may  be  some  direct  facilitation  of  motor  processes  and  respiration. 

Local  Action  of  Alcohol. — Concentrated  alcohol  "hardens"  tbsues  by 
abstracting  their  water  and  precipitating  the  proteins.  It  is  therefore 
irritant  and  astringent.     The  efTect  is  proportional  to  the  concentration.- 

Applied  lo  the  skin,  it  causes  some  redness  and  burning,  followed  by 
slight  anesthesia.  It  is  therefore  employed  as  a  mild  rubefacient  and 
counterirritant  in  sprains  and  other  minor  pains.  It  may  be  applied  in 
10  to  50  per  cent,  concentration,  by  friction  or  embrocation.  It  is  often 
combined  with  other  mild  irritants,  as  in  theLinimentum  Saponis,  Spirits 
Camphorse,  Aqua  Hamamelidis  ("Witchhaael")  and  Tinciura  Amiop. 
The  presence  of  considerable  proportions  of  alcohol  in  other  spirits,  tinc- 
tures, fluidcxtracis,  wines  and  elixirs  should  be  borne  in  mind,  both  in 
their  external  and  internal  use. 

If  the  alcohol  is  sponged  on  the  skin  and  permitted  to  evapwraic  n 
produces  a  cooling  ejfect.  This  is  utilized  in  fever^  and  in  excessive  \yei- 
spiration  ("night-sweats"  of  phthisis).  The  cleansing  and  hardening  of 
the  skin  is  also  useful  in  this  connection,  and  to  prevent  the  development 
of  bed  sores.  The  astringent  and  stimulant  action  promoters  the  healing 
of  uicers  (25  to  50  per  cent.).  Brcitmann,  1913,  recommends  its  liberal 
use  as  an  astringent  lotion  (70  per  cent.)  in  first-  and  second-degree  burns. 

On  mticous  membranes,  the  local  action  produces  hj'peremiaor  inflam- 
mation according  to  the  concentration  (see  the  '^Effects  on  Digestion")- 
Even  the  minor  grades  of  this  irritation  produce  chronic  inflammation  on 
continued  use,  and  this  lends  lo  extend  beyond  the  local  surface,  producing 
fatty  and  fibrous  changes  in  the  internal  organs  (see  **  Habitual  Use")- 
The  diuretic  action  of  alcohol  indicates  thai  it  irritates  the  renal  cells. 

Subcutaneous  injections  of  alcohol  in  concentrations  above  50  per 
cent,  are  painful;  especial  care  should  be  used  not  to  inject  it  near  a  nerve. 

Intraneural  Injections  of  alcohol  were  introduced  by  Schoesscr  for  the  relief  of  neu* 
ralKia  and  spasms  (OsiwaUl,  1906;  Harris,  1914).  They  are  Bencrally  effective;  but tW 
frequently  followed  by  toxic  degeneration  of  the  ncn-c.  They  should  therefore  b* 
avoided  for  motor  or  mixed  nerves  (sciatica^,  and  find  their  best  field  in  trigcmini^ 
neuralgia,  as  a  substitute  for  the  extirpation  of  the  Gasserian  ganglion  ^Kisrhler.  10071. 

Cadwalader,  IQ15.  has  studied  the  rt<iults  of  varinu*;  concentrations-  .So 
alcohol  produces  immediate  and  complete  paralysis,  followed  by  ab^«iltif, 
dcReneration.     The  paral>-sis  may  persist  for  one  t«  three  years,  or  unt. 
complete;  in  case  of  scar  iormation.  there  may  he  no  regeneration.     $^'  \  •  ■ 
less  severe  paralysis  and  degeneration;  and  25  per  cent,  has  but  little  elievl  in 
respect. 
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LCtericidal  Action  of  Alcohol.— 70  per  cent,  alcohol  is  a  fairly  effec- 
ve  germicide.  Concentrations  above  So  per  cent,  and  below  60  per 
?nt.,  however,  arc  almost  inactive  (A.  Beyer,  191 1;  Sottile,  1912),  i>ecause 
icy  do  not  penetrate  proteins  as  readily  (Tijmslra»  1913). 

Propyl  aicohoi  has  been  advocated  for  pre-opcrfttive  hand  disinfection,  as  being  more 
fective  than  ethyl  alcohol  (ChrisUanscn,  1918). 

"Stimiiknt"  Effects  of  Alcohol. — These  are  observed  in  most  indi- 
iduals,  after  taking  "moderate"  doses  of  alcohol^a  quantity  not  easily 
cpressed  in  cubic  centimeters.  The  phenomena  are  only  loo  well  known. 
hey  are,  at  first  view,  typical  of  samulaiion.  There  is  an  increase  in 
\e  rale  of  the  rrspiration  and  of  tlie  heart:  the  blood  pressure  rises.  The 
\in  is  reddened,  with  a  grateful  sensation  of  warmth  and  comfort.  There 
an  increased  vivacity  of  motion,  action,  and  speech,  which  latter  may 
:qu]re  a  stamp  of  brilliancy,  even  of  inspiration.  The  subjective  condition 
I  the  individual  also  undergoes  a  peculiar  change. 

Shyness,  if  it  nrdinarlly  exists,  is  replaced  by  self-confidence.  The  person  under  the 
ifluence  of  alcohol  feels  an  unlimited  confidence  in  his  own  powers  and  accompliih- 
icnls,  tx)th  intellectual  and  physical.  He  will  attempt  vcrj'  ditBcuU.  c\*en  impos 
bie,  tasks,  and  feci  that  he  accomplishes  ihcm.  And  tie  similarly  overestimates  the 
roductionft  of  others.' 

These  manifefiations  are  so  conspicuous  and  apparent,  tliat  alcohol  in  proper  doses 
■s  been  considered  a  t)^ical  stimulant;  this  opmion  is  still  held  by  some  eminent 
hormacologist-s.  However,  the  critical  study  of  its  actions  tends  to  the  conclusion 
tat  most  of  these  actions  do  not  depend  upon  true  direct  stimulation  of  the  nerve-centers; 
ut  that  Ihcy  arc  the  indirect  result  of  incoordination,  of  accessory  factors  of  cnviron- 
lent.  and  of  reflex  stimulations. 

If  the  phenomena  be  somewhat  more  closely  inquired  into,  this  will  become  apparent 
t  ODCt.  <Jf  the  physical  nhenomena,  the  Jiushing  of  Ihe  cufaneota  vessels — to  which  the 
Masation  of  warmth  must  oe  attributed — occurs  as  the  result  of  a  vasomotor  paralysis, 
esihcted,  it  is  true,  to  this  area.  The  quickened  pulse  results  partly  from  rellexes 
Kused  by  swallowing  and  by  irritation  nf  the  mucous  membranes,  partly  from  the 
kcteased  excitement  and  motion;  not  at  all  from  a  direct  action  on  the  cardiac  nervous 
r  rauscular  mechnnism — for  it  is  entirely  absent  in  animals,  and  very  brief  in  man  if 
ic  factor  of  e'scitcmenl  be  eliminated.     The  quickening  of  the  respiration  is  also  largely 

Bio  similar  causes 
%e  psychic  phenomena  find  their  explanation  in  a  dulling  of  certain  mental  faculties 
It  others  are  ^.till  practically  unaffected — in  a  disturbance  of  what  has  been  called 
'**  "normal  balance  of  the  brain."  The  first  functions  to  be  lost  are  the  finer  grades  of 
'dgmcnt.  rrflection.  obwrvalion,  and  attention — the  faculties  which  have  largely  been 
'quired  throuRfa  education,  and  wliich  constitute  the  elements  of  the  restraint  and  pru- 
encc  wliich  man  usually  inipuscs  on  his  actions. 

Thus,  to  quote  a  well-known  example:  The  orator  no  longer  considers  that  he  may 
t  called  to  account  for  his  utterances;  he  allows  himself  to  be  carried  by  the  impulse  of 
*t  moment,  without  retlccting  on  ultimate  consequences,  and,  as  his  expressions  become 
*er.  they  acquire  an  appearance  of  warmth,  of  feeling,  of  inspiration.  And  not  a  little 
'  this  inspiration  is  contributed  by  the  audience,  who  are  usually  in  a  similar  condition 
I  Increased  appreciation. 

^Thc  view  iKai  alcohol  increases  the  intellectual  and  physical  powers  of  the  indi- 
■bJ  is  shown  by  actual  exDcriment  to  be  erroneous,  and  based  almost  entirely  upon 
^Klbjeclivc  condition!?  of  tne  individual,  his  weakened  faculty  of  judgment. 
I^xperience  soon  teaches  this  lesson:  that  alcohol  docs  not  really  stimulate.  Persons 
■bo  have  to  underKo  severe  exertion,  cither  physical  or  intellectual,  verv  rarely  take 
yotthol  before  or  during  (heir  labor,  but  only  when  this  is  finished.  .\nd  then  not  for 
^y  >limulating,  but  really  for  its  depressing,  efiect;  for  the  feeling  of  comfort  and  general 
^fUation   which  it  induces.     The  continued   ufic   of  large  doses  of  alcohol  greatly 

description  nf  these  cflect«  t-ao  b«  given  than  that  of  Horace:  'What  tronden  does  not 
dMClotfcs  iccrcts:  ratifiet  and  confirmfi  cmr  bopesi  '.hrusts  the  coward  forth  to  battle;  eases 
mt  mind  of  ixa  burthen :  instruct*  io  arts-    Vniom  bu  not  a  cheerful  glau  mad«  eloquKit  I 
not  quite  free  and  easy  fr<tm  pinchtns  poverty  t" 
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diminishes  the  activity  ot  the  individual,  and  even  moderate  doses  tend  to  ha\x  the 
same  effect. 

Another  very  characteristic  feature,  evidently  resultiag  from  this  paralysis  of 
higher  functions  is  the  loss  of  Ike  tower  fo  control  tnoods.     There  may  be  causeless  mer 
mcnt  or  sadnt-ss,  fricndlinesi  or  the  opposite.    It  is  interesting  10  note  how  often  alcoi 
brings  out  ihe  true  character  of  an  individual  by  this  abolition  of  restraint:  ** There  il 
truth  in  wine."     On  the  other  hand,  the  habits  of  self-control,  where  they  have  b«n] 
cultivated,  persist  to  some  extent  even  in  intoxication. 

Experimental  Analysis  of  the  Psychic  Effects  of  Alcohol, — The  use  of 
differenl  experimental  methods  has  led  to  contradictory  conclusions,  de- 
pending mainly  on  the  interpretation  of  the  more  or  less  complex  psychi)- 
logic  phenomena.    The  most  reliable  data  appear  to  be  those  of  Dodge  a 
and  Benedict,  1915,  for  they  aimed  to  use  the  simplest  methods  of  a  given  ■ 
kind. 

They  found  that  moderate  doses  depress  all  kinds  of  neural  processes, 
motor  as  well  as  sensory.  This  diminished  efficiency  is  most  conspicuous 
in  the  simpler  and  unconscious  reflex  processes,  /.f.,  those  that  are  most 
independent  of  the  will;  for  a  normal  individual  even  when  somewhat 
alcoholized,  attempts  automatically  to  compensate  for  diminished  effi- 
ciency by  greater  effort.  This  in  turn,  however,  is  likely  to  lead  to  more 
errors;  for  the  extra  effort  is  often  ill  directed,  since  alcohol  diminishes 
caution  and  inhibitions. 

Dosage,  time  and  subjects. — Dodge  and  Benedict  employed  doses  of  30  and  45  c.c  of 
alcohol,  diluted  to  30  per  cent.  The  depression  reached  its  maximum  in  i  to  2  houn: 
recovery  starting  wtthm  3  hours  The  responses  were  essentially  similar  for  absl*ioe« 
and  reformed  drinkers. 

QitafUitatipr  Response. — The  results  may  be  arranged  in  progressive  order  from  tlw» 
showing  the  greatest,  to  those  of  the  least  effects: 

ReJUxes. — Knee-jerk  and  lid-reQex:  Intent  period  increased  by  10  and  7  percent. 
Muscle  shortening  diminished  by  46  and  19  per  cent. 

Sensory  Threshold  to  Eteclric  Stimuiation.— Raised  by  14  per  cent. 

Motor  Coordinations. — Speed  of  eye-movements  and  of  reciprocal  finger  movcmMl^- 
Diminished  by  14  and  0  per  cent. 

Elaborated  Reactions. — Reaction  time  of  eye  and  speech  organs;  latent  pciwJ 
increased  by  5  and  3  i>er  cent. 

Memory. — No  change. 

KracpcHn,  1892,  also  concluded  that  alcohol  is  purely  depressant  10 
sensory  or  Intel  ectual  processes;  but  he  believed  that  the  generation  of 
motor  impulses  is  first  stimulated,  but  later  also  depressed.  In  the  ligbl 
of  the  more  recent  work,  this  "stimulation"  of  motor  processes  is  appar- 
ently an  erroneous  interpretation;  but  this  does  not  destroy  the  value  of 
the  actual  data  of  the  extensive  studies  of  Kracpelin;  namely  that  the 
"stimulant"  stage  of  alcohol  favors  mechanical  performances — the  "sim- 
pler reactions"  of  memorizing,  mechanical  reading,  repetition,  at  the 
expense  of  the  more  intellectual  processes — association,  arithmetical,  etc. 
It  favors  motor  impulsiveness,  but  produces  intellectual  dulness  and  silli- 
ness, lessens  thought  and  judgment,  and  resistance  to  temptation,  and 
thus  leads  to  its  abuse.  The  euphoria  probably  depends  on  the  decepti>i 
feeling  of  facilitation  and  capability. 

Psychic  Depression. — With  doses  of  30  to  45  Gm.  of  alcohol,  this  lasts  thirty  to  forty- 
five  minutes;  with  60  Gm.,  one  to  two  hours.     The  phenomena  are  somcwrhat  antk)C0ii9 
to   fatigue.     In    both,   mechanical    associations  predominate.     However,    the  YvpM 
grades  of  alcohol  "fatigue"  disappear  with  exercise,  while  genuine  fatigue  is  relic 
only  by  rest. 

Motor  Processes. — The  facilitation  begins  at  once  and  lasts  at  most  twenty  to  (I 
minutes,  less  with  larger  doses.     It  is*  followed  by  depression  even  with  the  small 
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7.5  Gm.  With  45  to  60  Gin.,  the  initial  faciiitation  is  seen  only  exceptionally. 
However,  the  results  depend  somewhat  on  circumstances;  in  excitement,  even  larye 
doses  produce  facilitation;  and  in  fatigue,  small  doses  may  depress.  The  more  mcchan* 
ical  the  function,  the  more  conspicuous  is  the  facilitation.  The  force  measured  by  the 
dynamometer  is  not  increased,  so  that  the  rate  rather  than  the  force  of  motor  impulses 
is  favored.  There  is  also  evidence  that  the  muscular  contraction  pn^r  is  not  quick- 
ened, but  that  the  motor  impulses  are  started  more  easily. 

Prrccf>twn  of  Sensory  Impressions. — This  is  impaired  tor  hours,  even  by  ^  02.  of 
alcohol  (Kraepelin,  1916). 

The  reflexes  from  the  frog's  skin  are  depressed,  even  with  the  smallest  effective  doses 
(Hyde  and  pupils,  IQ13),  before  there  are  any  grossly  visible  symptoms. 

Coior-tisioH. — H.  Schuly,  1916,  ftnds  that  small  ^oses  of  alcohol  increase  the  acute- 
ness  of  vision,  both  for  red  and  green.     Large  doses  diminish  it. 

Afpii<4  EficUnry  Tests:  Mccluinical  O Iterations. - — Vernon  and  Greenwold,  1919, 
(ouna  that  small  doses  of  alcohol,  well  withm  "moderation,"  do  not  interfere  with  the 
speed  of  semi  mechanical  operations;  for  instance,  typing  from  memorized  passages;  but 
liiat  they  greatly  decrease  the  accuracy  in  fast  work.  This  deleterious  effect  is  not 
noticed  if  the  task  is  very  familiar;  or  if  the  speed  is  slow.  Similar  observations  were 
recorded  by  Frankfurter.  They  are  in  line  with  the  weakening  c0ect  of  alcohol  un 
inhibitor)*  and  cautionary  reactions. 

Use  as  Stimulant. — Even  the  "stimulant"  doses  do  not  increase  in- 
tellectual efficiency;  but  they  could  be  employed  for  facilitating  motor 
functions  of  short  duration;  not  so  much  to  increase  their  force,  but  for 
overcoming  inhibition  or  hesitancy;  to  promote  decision  or  resolution, 
/.*.,  in  speaking,  in  psychic  dreads,  etc.  It  would  be  unfavorable  to 
attention,  watchfulness  or  ready  judgment.  The  stimulant  dose  should 
generally  not  be  more  than  15  to  20  Gm.  of  alcohol;  or  if  a  longer  effect 
is  needed,  5  to  8  Gm.  in  twenty-minute  intervals. 

Alcohol  on  Muscular  Work.^/ri  man.  the  ergographic  experiments  of  Lombard, 
iSqj.  showed  that  the  muscular  force  in  voluntary  contractions  is  not  increased;  but  the 
appreciation  of  fatigue  is  lessened  (Joleyko,  1904,  Foer-tter,  191 1),  so  that  the  total 
work  may  be  increased.  When  a  finger  is  tctanized,  by  electric  stimulation,  the  total 
work  is  rather  decreased  (Lombard);  tlie  favorable  effect  must  therefore  be  at  least 
partly  central  ('facilit.1t ion  of  cerebral  motor  proceiwes).  However,  the  voluntary 
response  is  modified  by  the  previous  state  of  the  muscles  as  well  as  by  the  dosage  of 
alcohol:  Hellsten.  igo4.  found  that  moderate  doses  (10  Gm.)  at  first  increase  the  power 
of  voluntary  muscular  work  (toopcrcent.),but  in  one-half  hour  diminish  it  to  6  per  cent. 
below  normal.  Myers,  igi2,  reports  no  effects  from  s  to  20  c.c;  30  to  40  c.c.  gave 
Irregular  results,  most  commonly  a  primar>'  increase  and  sccondarj-  decrease  of  the  work. 
The  increase  is  seen  only  when  the  muscle  is  not  too  much  exhausted,  but  it  is  favored 
by  moderate  fatigue.  The  favorable  eSect  therefore  appears  to  be  due  partly  to  the 
direct  food-value  of  the  alcohol,  somewhat  as  with  sugar;  the  food  effect  of  alcohol  is 
more  prompt,  but  not  as  efficient  in  the  long  run.  The  depression  of  the  larger  doses  is 
purely  central. 

On  frog's  muscle,  minute  quantities  have  no  effect;  moderate  doses  were  said  to' 
exert  a  favorable  action  on  all  the  features  of  muscular  activity;  larger  quantities  are 
ver>-  unfavorable  (Lee  and  Salant.  igo^).     Crider  and  Robinson,  jqiO,  attribute  the 
reported  favorable  eflt-ct  to  enjK'rimental  error. 

The  effects  on  invertebrates  and  lower  vertebrates  have  been  studied  by  Fuehncr, 

The  Effects  on  the  Respiration. — *' Stimulant"  doses  of  alcohol  may 
mcea.se  the  rate  and  depth  of  ihe  respirations,  by  reflex  and  centrjil 
stimulation.  This  may  aid  in  the  therapeutic  use  of  alcohol  as  a  stimu- 
lant. The  response,  however,  is  variable  and  generally  small.  With 
narcotic  doses,  the  respiratory  center  is  depressed. 

In  Higgins*  experiments  (1Q17)  on  man,  .^o  to  44  c.c.  of  alcohol  taken  diluted,  pro- 
duced little  change  in  the  rate  or  type  of  respiration  (unless  there  was  excitement). 
The  threshold  to  COj  was  sometimes  lowered.  The  minute-volume  was  generally 
diminished,  by  decreased  COi  production.  The  bronchioles  were  geherally  uniUlected; 
rarely  diUled. 
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The  respiratory  stimulation  is  especially-  large  in  fatigue,  and  is  greater  with  wines 
and  liquors  rich  in  "bouquet,"  than  with  dilutions  of  pure  alcohol  (Binz,  1903).  Wen- 
delstadt,  1899,  obtained  similar  results  in  man. 

The  increased  respiration  is  partly  due  to  the  general  excitement  and  partly  to  re- 
flexes from  the  local  irritation  (Jacquet,  1A95)  and  from  the  odor,  etc.  However,  some 
increase  occurs  even  in  sleep,  so  that  the  factors  of  environment  are  not  essential.  Nor 
can  it  be  affirmed  that  it  is  due  solely  to  reflex  irritation,  for  other  irritants  do  not  pro- 
duce an  equivalent  effect  (Binz,  1903).  Moreover,  an  immediate  increase  of  respira- 
tion occurs  if  alcohol  is  injected  into  the  brain  through  the  carotid  artery  (Wilmanns, 
1897). 

With  unanestheiized  animals^  slow  intravenous  injection  produced  only  slight 
respiratory  stimulation,  even  when  the  injections  were  repeated  beyond  the  excitement 
stage  (Hyatt  and  Jensen,  19x8). 

With  a  more  perfect  separate  perfusion  of  the  brain  and  medulla,  Hooker,  19x7,  also 
found  that  the  addition  ot  0.025  t:o  o.i  per  cent,  of  alcohol  (correspon(Ung  to  omical 
concentrations)  produces  pure  stimulation  of  the  respiration.  With  0.3  per  cent,  the 
stimulation  was  transitory,  and  followed  by  prolonged  inhibition.  This  would  cor- 
respond to  coma. 

It  is  therefore  certain  that  the  respiratory  center  is  stimulated  directly.  A. 
Fonteyne,  1906,  finds  that  large  doses  lessen  at  first  the  rate,  and  later  also  the  volume. 
In  cats,  Pilcher,  191 2,  found  the  rate  usually  increased  by  all  except  fatal  doses.  In 
decerebrated  cats,  doses  of  0.5  to  5  c.c.  per  kilogram,  dilute  or  concentrated,  caused  no 
change  in  the  respiration  (Lieb,  19x5). 

The  Effects  on  the  Circulation. — These  are  rather  inconstant,  varying 
not  only  with  the  dose  and  concentration  and  mode  of  administration, 
but  also  with  the  condition  of  the  individual. 

Small  TherapetUic  Doses  (in  man,  to  perhaps  5  to  25  c.c.  of  absolute 
alcohol,  diluted  at  least  to  25  per  cent.)  produce  generally  (but  not  always) 
an  insignificant  quickening  of  the  pulse  rate,  due  mainly  to  excitement 

The  cutaneous  vessels  are  dilated,  and  the  splanchnic  vessels  are 
somewhat  constricted  leading  to  a  rise  of  the  systolic  blood  pressure  and 
a  fall  of  the  diastolic  pressure.  The  mean  aortic  pressure  rises  slightly 
in  most  cases,  but  not  always.  The  normal  heart  muscle  is  probably 
not  affected  by  these  doses;  but  the  exhausted  heart  may  be  stimulated 
by  the  nutrient  action  of  the  alcohol. 

The  actions,  taken  together,  alter  the  distribution  of  the  blood,  so 
that  more  will  be  contained  in  the  surface  vessels  and  in  the  arteries,  and 
less  in  the  splanchnic  veins.  The  amplitude  and  force  of  the  pulse;  the 
"mass-movement"  of  the  blood;  the  output  of  the  heart;  and  the  effi' 
ciency  of  the  circulation  in  general,  will  be  improved.  The  effects  are 
not  very  great  and  not  altogether  constant  in  normal  individuals;  but 
they  suffice  to  produce  decided  therapeutic  effects,  especially  in  condition? 
of  exhaustion. 

The  actions  reach  their  maximum  in  about  half  an  hour,  and  disappear 
in  an  hour  or  two. 

Somewhat  Larger  Doses  (45  to  90  c.c.  of  alcohol  for  man,  diluted)  pro- 
duce at  first  the  same  effects,  followed  in  an  hour  or  less  by  decreased 
amplitude  and  force  of  the  pulse,  with  progressive  fall  of  the  systolic 
pressure,  and  unaltered  or  rising  diastolic  pressure.  If  the  alcohol  i^ 
taken  in  more  concentrated  form  on  an  empty  stomach,  this  stage  may 
occur  at  once,  without  the  preliminary  improvement  of  the  pulse.  The 
fall  of  the  pressure  is  attributable  to  splanchnic  dilation,  replacing  the 
constriction  of  the  first  stage.  The  action  is  therefore  comparable  to 
that  of  the  nitrites.  The  effects  reach  their  maximum  in  one  to  one  and 
one-half  hours,  and  last  one-half  to  one  hour. 

Toxic  Doses  depress  the  vasomotor  center  and  perhaps  also  the  cardiac 
muscle,  so  that  the  blood  pressure  falls  severely.     The  heart  rate  may  be 
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wed  through  central  vagus  slimulation,  lor  through  the  depressant 
action  of  ihc  coma;  or  it  may  be  quickened  by  the  fall  of  bloixi  pressure. 

Bfcrl  Rate. — The  effect  is  greatly  modified  by  the  condition  of  the  indiv-idual.  In 
man,  the  rate  is  generally  increased,  mainly  by  the  p«.ychic  and  redcx  actions  (Dixon, 
1907^ ;  the  Increase  is  often  absent,  especially  if  the  patient  keeps  quiet  (Zimmcrmann, 
»;  Jacquet,  1891,  Dixon). 

Dodge  and  Benedict.  191 5,  always  observed  some  acceleration,  which  they  attribute 
"  lished  vagus  tone.     With  larger  doses,  the  quickening  is  the  rule  'John.  iqi8; 
tns,  1917),  presumably  to  olTscl  the  falling  Wood  pressure.     Animals  give  simitar 
inconstant  results  (Pilchcr,   1911).     The  intravenous  injection  into  non-aneMheiized 
mnimaU  genemlly  causes  some  slowing  (Brooks,  1910). 

Grmrral  Blood  Pressure. — /n  man,  Kochmann,  IQ05.  and  Bachem.  1905.  found  a 
rite  of  5>-stolic  pressure  with  small  doses.  Dixon.  1907  (dose  not  stated)  found  the 
Ihtolic  pressure  unchanged  or  slightly  raised,  the  diastolic  pressure  lowered.  This 
^B  connrmcd  by  John.  iqo8.  Ueb.  1015.  ot>scr>-ed  practically  no  effect  from  diluted 
wn^ey  i  usually  5  to  10  c.c.)-  MV'hen  given  concentrated,  this  dosage  usually  produced 
a  slight  rcHex  rise  (about  5  mm.)  of  the  sj'stolic  and  diastolic  pressure,  returning  to  nor- 
mal in  less  than  one-half  hour.  The  return  of  the  diastolic  pressure  is  somewhat  slower, 
«o  that  the  pulse  pressure  is  decreased.  The  Tigersti-dl  formula  indicates  a  vcr\'  slight 
ro(  cardiac  efficiency.  These  effects  arc  entirely  reflex,  and  are  most  pronounced 
the  refleves  arc  hyperactive;  least  in  apathetic  patients  and  toxemias.  Moderate 
are  more  susceptible  to  them  than  drinkers.  With  larger  doses  John  found  a 
promsdve  fall  of  systolic  pressure.  \nth  unchanged  or  rising  dia?lolic  pressure. 

Aaesthetiaed  animals  art  obviously  n«it  suited  for  fictermining  the  effects  of  small 
alcohol.     In  unanf^lbriizeH  nnimah.  Brooks,  1910.  found  that  the  oral  adminis- 
^produced  a  slight  rise,  lasting  five  to  ten  minutes;  administration  through  a 
nstuU  had  no  effect;  intravenously,  there  was  the  shar^i  drop,  common  to  many 
drags,  followed  bv  rapid  recovery. 

On  the  other  hand,  Hyatt  and  Jensen,  1918.  found  no  change  of  blood  pressure  io 
ttaanesthettzed  animals  by  slow  intrave!>ous  injection,  repeated  beyond  the  excitement 
MagCL 

In  decerebrated  cats,  Lieb,  iqi^,  found  no  marked  change  in  the  blood  pressure  or 
keart  rate,  after  0.5  to  5  <:.c.  per  kibogram.  dilute  or  concentrated. 

The  hj-podermic  injection  of  whiskey,  as  that  of  other  volatile  irritants,  often 
produces  a  slight  and  transient  rise  (Lieb  and  Uerrick,  1917). 

^Thc  Wm  prtsiure  is  not  changed  by  small  doses,  but  increased  by  large  doses  which 
we  the  heart  (Capns  and  Matthews,  igiji). 
Blood  Flmc. — Alconolic  beverages  of  the  strength  of  wine,  administered  to  normal 
B>CQ  in  moderate  doses,  produce  a  brief  preliminarj*  decrease,  followed  by  a  more  lasting 
incicasc  of  the  blood  Bow  in  the  hand.  Both  effects  are  vascular.  Alcohol  also  favors 
Bgpdilator  reflexes, /i.,  the  contralateral  heat  rellex  iG.  N.  Stewart,  1915).  Hanzlik 
Hi  CoIUns,  1015,  found  the  circulation  time  in  intestinal  vessels  distinctly  flowed 
V  relatis-ety  small  doses  of  alcohol,  intravenously,  even  when  the  carotid  pressure  was 
uacliaaged. 

%^4t9moUr  Changes. — The  ntlaneou!  rajodUaiion  is  obvious  on  mere  inspection,  and 
j^X  be  oonfinned  by  plethj-smograms  of  ihr  limbs,  and  by  the  bluo<l  flow.  Since  the 
«k>od  pressure  does  not  fall  in  the  early  stages,  it  is  evident  that  lhi«  dilation  of  the  sur- 
*cie  vessels  b  compensated,  either  by  the  constriction  of  other  vascular  areas,  or  by  in- 
^f^A9ed  output  of  the  heart.  Both  factors  appear  to  contribute  to  the  result,  according 
to  carcumsi&nces. 

Sflamckftk  TasocfmsiriiHon  in  the  early  stage  has  been  demonstrated  by  Dixon, 

found  that  the  volume  of  the  intestine  decreases  while  the  blood  pressure  rises. 

i  muodildtian,  presumably  in  the  more  advanced  stages  of  the  action,  is  shiiwn 

■fft' *  •''■»  'he  bUxKl  pressure  is  practically  not  increased,  notwithstanding  con- 

ih'  f  the  output  of  the  heart,  as  measured  by  the  stromuhr  ( Hemmeter, 

J?*9;  W'  lioyi,  10051,  or  by  the  cardiomcier  (Dixon).     If  the  vasomotor  center 

tcludwi  by  section,  the  injection  of  the  alcohol  causes  a  more  marked  rise  of  pressure 

inn;  Wood  and  Hoj't),  showing  that  the  vasodilator  action  of  alcohol  must  be 

(Bachem,  howe\'er,  found  less  rise  after  section  of  the  vasomotor  center.) 

lotor  RrtUxes. — Porter  and  Turner,  191  •;,  find  that  alcohol  may  suspend  \'a&o- 

Ellexes  e\en  when  the  general  level  of  the  blood  pressure  is  not  altered.     They 

le  from  this  that  separate  centers  eiist  for  vasomotor  lone  and  reflexes. 

.    _ Action  on  Vesieli. — TTiese  appear  to  be  insignificant.    On  perfusion..   Dixoa 

%Uri  in  mammals  slight  dilation  with  o.t  to  0.3  per  cent.;  higher  concentmtioat  gave 
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constriction.  Perfusion  of  the  frog  showed  moderate  constriction.  In  surviWng  arterial 
rings.  Cow,  191 X,  found  very  slight  response:  transient  constriction  followed  by  dila- 
tion,    Plumier,  1905,  believes  that  alcohol  has  a  peripheral  constrictor  effect. 

Improved  Nutrition  of  the  Heart. — The  incrcasai  output  of  the  Iteart  in  sUu  is  attested 
by  the  stromuhr,  cardiometer,  rise  of  pressure  after  destruction  of  vasomotor  center,  elG 
Since  this  improvement  is  not  usually  nutcd  in  excised  hearts,  it  can  nut  be  due  to 
direct  action  nf  alcohol  on  the  cardiac  muscle.  Kochmann,  1905,  attributes  it  toi 
improvement  of  the  coronary  circulation  by  the  general  vascular  changes.  Dixon,  1907, 
brings  good  evidence  that  the  food-value  of  alcohol  plays  the  most  important  rAlc;  for  h» 
finds  it  most  effective,  in  excised  hearts,  when  the  nutrient  supply  has  been  previousli" 
exhausted.  Uamil),  igio.  then  showed  directly  that  periused  hearts  are  able  to  nietab<^ 
lizc  alcohol. 

C.  C.  Licb,  1Q17,  failed  to  confirm  this  utilization;  but  here  positive  results  are  muck 
more  valuable  than  arc  negative  data. 

Exrised  .htammalian  Heart. — The  effects  have  been  studied  by  perfusion  w-ith  I^ngcn- 
dorff's  method,  especially  by  Kochmann,  1Q04;  O.  Loeb,  IQ05;  Backmann,  iqoO;  Kudo. 
1913;  Barry.  1915. 

Concentrations  up  to  0.5  per  cent,  arc  ahsolutelv  without  action,  according  to  most 
obsen'ers.  Loeb,  however,  describes  occasional  slight  stimulation;  and  Dixon  nndt 
increased  excursions  constantly  if  the  heart  has  been  cxluiu^ted  (see  preceding  sectioDi. 

Rurridge,  igt;,  also  finds  that  alcohol  may  have  either  a  depressant  or  a  favorable 
action  on  the  perfused  heart.  Licb,  XQ17,  alone  claims  that  depression  occurs  with  all 
concentrations  above  i ;  50,000. 

Concentrations  to  0.5  per  cent-  also  give  no  result,  or  at  most  insignificant  and 
slight  ?lo\nng.  or  weakening  or  arrhythmia.  With  concentration  of  i  per  cent. »«! 
higher  marked  depression  appears;  the  systoles  are  weakened,  but  the  diastolic  ctcur- 
sions  arc  not  increased.  The  coronary  vessds  appear  somewhat  dilated.  2  pcrccoLof 
alcohol  causes  severe  damage  to  the  muscle,  especially  of  the  auricles,  which  arc  slowtd 
and  weakened,  while  the  ventricles  may  be  merely  slowed  (Barry,  1915).  Four  lu  S 
per  cent,  arrests  the  heart  in  diastole;  the  auricles  stopping  before  the  ventricle.  If  lb* 
alcohol  is  removed,  the  heart  recovers  rapidly,  even  from  severe  depression.  Repcatol 
perfusion  confers  tolerance  (Runo).  Ueb,  191 7,  failed  to  find  this  nither  improbable 
rapid  habituation. 

Brandini,  191. 3,  found  the  depressant  effect  on  perfused  rabbit's  heart  increased  vilb 
rise  of  trmprralure. 

During  the  depressant  stage  of  alcohol  or  the  anesthetics,  the  heart  takes  up  ^ 
calcium  from  the  perfusing  fluid  (Burridge,  1917). 

The  concentration  of  alcohol  in  iJie  blood  of  living  animals  is  said  to 
be  0.12  per  cent,  in  "slight  confu.sion,"  and  0.7  per  cent,  in  deep  narcosis. 
It  is  therefore  evident  that  the  direct  cardiac  efTects  of  alcohol  play  no 
part  in  either  the  therapeutic  or  to.xic  phenomena. 

Prtissure  in  Pulmonary  -Ir/cry.— Dixon,  1907,  and  Wood,  1911,  find  this  slightly 
increased,  even  when  the  carotid  pressure  is  unchanged.  Cloetta  and  Anderes,  ip'** 
found  the  effect  on  tiic  pulmonar>'  vessels  inconstant;  generally  dilation,  rarely  con- 
striction. 

Cerebral  Circuiaiion. — Contradictory  results  were  obtained  by  Aliprandi  *od  Mf" 
maroli.  1905;  and  by  E.  Weber,  1909.  Hirschfelder,  1915,  describes  dilation  of  ll* 
vessels  of  the  pia  mater  and  retina.     Berezin,  1916,  also  observed  dilation. 

T)ve  froK's  heart  is  stimulated  by  small,  and  depressed  by  higher  conccniratiow 
(Wood  and  Hoyt,  1905);  according  to  others,  even  the  smaller  doses  ore  depicsuot 
(Dresser.  1887). 

licnwtvtic  Adiott. — .Vlcohol  added  in  sufTicient  concentration  directly  to  bloo<l  fAU**^ 
hemoli-sis  (C  H.  Schul?,,  1841).  Thi.s  concentration  is  not  reached  in  living  aiiiaul* 
but  the  resistance  to  laking  agents  is  noticeably  lowered  (Liebcrmann;  Fillinger,  igis'- 
Continued  administration  increases  the  resistance  of  the  corpuscles  (Orban.  toul*  " 
the  relative  hemolytic  effect  of  different  alcohols  is  comnareo.  it  is  found  to  be  pro|xif' 
tional  to  their  effect  on  surface  tension,  nither  than  to  their  lipoid  wl vent  action  (fw*'" 
ner,  1912),  J.  N.  Schultz,  lorj,  has  investigated  the  influence  of  various  substantf* 
(including  sera  in  ditTerent  diseases)  o»  the  alcohol  hemolysis. 

lilnod  Viscosity. — This  is  somewhat  increased  by  the  administration  or  inholitioB  <'* 
:ilcohol  or  methyl  alcohol  (Burton-OpitJS.  1904,  1914).      ' 

Use  of  Alcohol  in  Collapse. — The  effects  of  alcohol  on  the  general  ctf- 
culation  are  utilized  in  the  treatment  of  collapse  and  in  exhausting  fevers 
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[ts  usefulness  as  a  quickJy  acting  (''diffusible")  stimulant  can  scarcely 
loubted  in  the  various  forms  of  sudden  circulator^'  collapse — syncope, 
iustion,  hemorrhage,  traumatic  shock,  snake  venom,  strychnin, 
lite,  veratrum  poisoning,  etc.  The  main  element  in  its  action  is  the 
«  stimulation,  increasing  the  pulse  rate,  the  blood  pressure,  and  the 
*iration. 

However,  the  stimulation  is  apt  to  fail  in  the  severer  grades  of  hemor- 
re  and  shock  (Lieb  and  Hcrrick,  191 7). 

The  narcotic  action  is  also  useful;  the  pyschic  centers  are  less  easily 
itened,  and  the  narcotized  medullary  centers  are  less  subject  to  dan- 
lus  shock.  The  subsequent  vasodilation  is  theoretically  inadvisable, 
it  is  not  sufficiently  pronounced  to  have  any  practical  significance. 
The  reflex  action  being  brief,  alcohol  acts  mainly  as  a  temporary 
rgency  remedy,  to  tide  the  patient  over  the  immediate  dangers.  To 
re  these  reflex  effects,  25  c.c.  of  whiskey  or  brandy  should  be  given 
iluted,  and  preferably  hot,  repeated  every  ten  to  fifteen  minutes, 
rding  to  effect, 

)ther  Diffusible  Stimulants. — A  similar  reflex  stimulation  may  be 
red  by  ether,  aromatic  oils,  camphor,  or  ammonia.  These  may  be 
inistered  by  mouth  (Spiritus  Aetheris;  Spiritus  Camphone;  Spiritus 
nonix  Aromaticus);  or  by  smelling  (aromatic  ammonia,  smelling 
0;  or  hypodermically  (brandy,  ether,  camphorated  oil). 

ardiac  Disease. — The  actions  of  alcohol  are  scarcely  available  except  for  temporary 
ilioos,  such  as  acute  mytxardial  insujicicncy.  In  ckronk  lesions,  small  doses  may 
iluable  to  les^y-n  the  worries  of  the  patient,  especially  if  he  has  been  accustomed  to 
se.  The  vasodilator  efiecl  maj-  be  useful  in  Angina  Feitoris,  but  it  is  inferior  to 
litritcs.    Altohol  does  not  influence  Pulmonary  Bemorrkagc  (E.  Frey,  1909). 

[Jse  in  Exhausting  Fevers. — (Typhoid,  Pneumonia,  etc.).  The  intelli- 
1.  and  discriminating  employment  of  alcohol  should  be  useful  in  these 
iitions;  its  indbcriminate  use  would  doubtless  do  more  harm  than 
1  The  beneficial  effects  are  probably  mainly  nutrient,  due  to  the 
ci  food-value  of  the  aJcohol,  and  to  the  stimulation  of  the  digestion  and 
intinn  of  other  foods  (see  below).  This  not  only  conser\'es  the  gen- 
Kilrition  of  the  patient,  but  also  increases  the  output  of  the  exhausted 
T  The  pulse  becomes  stronger  and  more  regular.  The  altered  dis- 
ution  of  the  blood  by  the  mildest  degrees  of  alcohol  action  would  also 
beneficial.  The  dilation  of  the  cutaneous  vessels  removes  the  blood 
n  the  atonic  and  therefore  congested  internal  organs,  and  lessens  the 
cms  dbtention  of  the  heart.  It  would  also  lend  to  lower  the  lempera- 
.'.  although  the  antipyretic  effect  is  but  small.  The  narcotic  action  of 
»hol  is  useful  by  quieting  the  febrile  excitement,  thus  reducing  the 
lands  on  the  strength  of  the  patient. 

On  the  other  hand,  if  the  action  of  the  alcohol  proceeds  to  the  point 
nducing  splanchnic  dilation  and  lowering  blood  pressure,  it  will  cxag- 
ite  the  serious  circulatory  abnormalities  of  fever.  Again,  in  the  acute, 
nulant  stages  of  the  "sthenic**  fevers,  alcohol  is  apt  to  increase  the  cir- 
Uory  excitement,  and  should  be  avoided. 

The  effects  of  alcohol  must  therefore ^be  carefully  watched,  to  secure 
stimulant  effects,  when  needed,  while  avoiding  both  the  depressant  and 
^Unt  stages.  The  individual  observations  on  each  patient  can  alone 
dc  its  employment:  The  dose  may  be  increased  or  maintained  so  long 
It  improves  the  prominent  symptoms,  quiets  the  patient,  regulates  and 
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Strengthens  the  pulse,  and  lowers  the  temperature.     When  it  ceases  to 
have  these  effects — particularly  when  the  pulse  becomes  '* excited," 
when  the  odor  of  alcohol  remains  on  the  breath — it  should  be  diminish 
or  stopped. 

The  amount  must  be  governed  by  the  previous  habits  of  the  patieotj 
but  astonishingly  large  quantities  can  often  be  given  to  fever  patien 
without  producing  ''intoxication"  even  if  they  are  unaccustomed  to 
use;  the  febrile  organism  probably  oxidizing  the  alcohol  more  rapidly. 

Ordinarily,  one  may  begin  with  *2  to  2  tablespoons  of  brandy  in  half 
a  glass  of  milk,  every  three  hours,  increasing  the  frequency  as  needed. 

Diuresis. — Dilute  alcoholic  beverages  (wine,  and  especially  beer)  in- 
crease the  flow  of  urine;  but  the  effect  is  mainly  that  of  the  excessi^•e 
ingestion  of  fluid. 

In  man,  Raphael,  iSq4.  found  thai  a  liter  of  wine  or  beer  had  no  more  etfecl  than  the 
same  quantity  of  water,  and  less  than  that  of  milk.  John,  1908,  found  that  the  avenigf 
quantity  of  urine  in  four  to  six  hours  after  taking  1 V3  liters  of  water  to  be  1,500  ex.; 
with  I  ^i  liters  of  5  per  cent,  alcohol,  he  averaged  1,800  c.c;  with  the  same  quantity  la 
6  per  cent,  alcohol  he  averaged  2,000  c.c.  of  urine.  The  effect  was  relatively  greater  ifl 
a  case  of  renal  insufficiency  from  hypertnnus;  in  this  i  ^  liter*  nf  water  gave  only  625  c.c 
of  urine,  while  the  same  quantity  of  3  per  cent,  alcohol  yielded  1,600  c.c. 

This  suggests  that  the  greater  diuretic  action  may  be  due  to  a  dilator  effect  on  the 
renal  vessels.  Moreover,  alcohol  irritates  the  urinar>'  passages  (and  is  therefore  ce^ 
trairuiinitfti  in  lysiUts  atui  urrthritis);  this  may  increase  the  desire  to  micturate,  and  makf 
the  diuretic  effect  appear  greater  than  it  really  is.  *'Gik,"  which  contains  juniper,  has* 
more  direct  diuretic  effect,  from  the  renal  irritation  produced  by  the  oil.  Dogs  fiil 
to  show  more  than  the  water-diuresis,  on  the  oral  admmistraUon  of  any  dosage  o!alco-i 
hnl  (Januskiewicx,  iqii).  (Intravenous  injection  would  arrest  the  urine  flow,  is  do 
other  h>'potonic  solutions.) 

Temperature. — The  ingestion  of  alcohol  causes  a  sensation  of  warmth, 
due  to  tht  increased  blood  llow  to  the  lempcralure-ncr\cs  of  the  slomath 
and  skin.  Thi.s  sen.salion,  however,  is  deceptive;  for  this  increased  blooii 
flow  to  the  surface  and  the  diaphoresis  increase  the  heat  loss,  so  thai  the 
internal  temperature  tends  to  fall. 

With  small  doses,  this  tendency  may  be  overcome  by  the  increased  movements  of  iii« 
patient;  but  with  larger  doses  the  heat  loss  becomes  pronounced  (Pilcher.  1911), aa!^ 
exaggerated  by  the  depressant  action  on  the  temperature-reguhiting  centers.  TIk  '>'! 
of  temperature  is  espcdally  great  if  the  external  temperature  is  cold,  and  also  if  the  bat 
dissipation  was  previously  low,  as  in  fevers. 

Use  of  Alcohol  in  Chills  and  Exposure. — ^It  is  evident  that  this  wouM 
be  detrimental  during  exposure  to  cold;  the  temporary  relief  and  feelinf 
of  warmth  is  obtained  at  the  expense  of  an  increased  loss  of  heat,  and  cob- 
sequenlly  diminished  power  of  resislance.  But  if  taken  ajtcr  the  exposurr. 
the  dilatation  of  the  cutaneous  vessels  favors  the  absorption  of  cxternil 
heat,  and  also  prevents  the  tendency  tn  congestion  of  internal  organs, 
and  thereby  the  tendency  to  "catch  cold." 

Influence  of  Alcohol  on  Digestion.^This  varies  with  the  quantity  aiw 
concentration;  with  the  slate  of  the  digestive  functions;  with  the  habit-' 
of  the  individual,  and  probably  also  with  the  flavor  and  extractives  of  llif 
beverage.  In  general,  moderate  doses  act  as  "condiment"  or  stimulant 
to  digestion.  In  this  the  flavor  and  the  hyperemia  cooperate  to  incrfi^ 
the  appetite,  the  flow  of  digestive  juices,  the  movements  of  the  stoinadi, 
and  absorption.     The  action  of  fermenis  is  also  accelerated. 

Small  quantities  of  alcohol,  taken  with  meals,  therefore,  tend  to  h*** 
a  favorable  action  on  digestion.     If  digestion  is  perfectly  normal,  \h^ 
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ffects  are  quite  superfluous;  the  utilization  of  food,  and  the  total  time  of 
ligestion,  is  scarcely  influenced  by  these  doses  of  alcohol.  In  pathological 
onditions,  however,  and  perhaps  in  overeating^  the  effects  may  be  bene- 
cial.  The  best  results  would  usually  he  secured  with  wine.  The  alcohol 
hould  not  be  taken  in  strength  greater  than  perhaps  20  per  cent.;  even 
bis  would  be  too  strong  did  it  remain  for  any  length  of  time;  but  it  is 
bsorbed  so  rapidly  that  this  strength  would  very  soon  reach  the  favorable 
mit. 

Large  quantities  of  alcohol^  however — and  especially  when  in  concen- 
raled  form  or  on  the  empty  stomach — produce  an  irritation  which  sur- 
asses  the  physiologic  limit  and  interferes  with  the  functions.  This  is 
Ben  most  markedly  in  the  habitual  use,  when  the  inflammatory  changes 

t»tne  chronic,  and  extend  to  the  portal  system. 
IIuH/ier  CorUriutions. — These  arc  inhibited  by  alcohol,  as  by  many  other  cbemic  and 
:hanic  stimuli  (Carlson,  1913). 

Excised  Initstiiif  of  Rahbtl. ^Thc  movements  arc  mainly  depressed  by  monovalent 
alcohols;  very  dilute  solulions  produce  a  primary  stimulation  ( Kuno,  IQ14). 

Action  on  Fermtnts. — Since  alcubul  is  very  readily  absorbed,  and  no  Rrcat  amount  of 
t  reaches  the  intestine,  it  can  only  influence  the  ferments  of  the  stomach,  and  its  action 
Ml  pepsin  is  alone  of  practical  interest.  It  is  found  that  in  vitro — and  there  is  no  reason 
to  suppose  that  it  acts  any  ditTcrentb'  itilra  vUiim — 1  to  2  per  cent,  of  alcohol  increases 
the  rapidity  of  peptic  digestion.  Up  to  15  per  cent,,  it  causes  no  perceptible  retarda- 
tion. With  15  to  18  per  cent.,  the  digestion  is  reduced  by  one-iourth  to  one-third. 
With  ^o  per  cent.,  the  digestion  is  strongly  inhibited  (Chittenden,  Mendel,  and  Jackson, 

r  Beers  and  wines  have  a  slightly  more  unfavorable  cflcct  on  account  of  the  extractive 
btter  contained  in  them 

W^ SurrJion  of  Salivn.— The  presence  of  alcohol,  strong  or  dilute,  in  the  mouth  increases 
^e\ly  the  amount  and  the  solids  of  the  salivaf  just  as  do  many  other  substances  (acetic 
«cid,  ether,  etc.).  This  increased  secretion  docs  not  take  place  if  the  alcohol  is  intro- 
duced directly  into  the  stomach  through  a  fistula  or  if  it  is  given  subcutaneously. 

Suretion  0/ (Jastric  Juice, —  The  quantity,  the  acidity,  the  absolute  quantity  of  fer- 
Bents,  and  the  total  solids  (but  not  the  mucus)  are  markedly  increased  (Chittenden, 
Hendel  and  Jackson,  rftoft;  Chiari,  1015!.  The  increase  occurs  also  if  the  local  action 
B  tbe  alcohol  on  the  stomach  is  excluded,  as  in  the  "  Paw  low  stomach"  (Zitowitsch, 
^905);  or  if  the  alcohol  is  placed  into  the  intestine  (Chittenden)  or  rectum  (Kasl,  iQobJ, 
With  oral  administration,  in  man  as  well  as  in  animals,  the  favorable  effect  obtains 
concentrations  up  to  10  per  cent.;  with  10  to  20  per  cent.,  the  mucus  is  increased, 
iwcll  as  the  juice.     Above  20  per  cent.,  the  mucus  is  further  increased,  but  the  secre- 

is  dccrease<I. 
Pancreatic  Juice. — Uizell,  iqo6,  claims  that  the  pancreatic  secretion  is  stimulated 
alcohol  is  administered  by  mouth,  inlestinc,  or  subcutaneously;  but  only  if  the 
are  intact. 
Bilt — Salant,  1906,  found  that  alcohol  by  mouth  (but  not  intravenously)  increases 
flow  of  bile  by  50  to  .5^0  per  cent.;  the  solids  arc  also  increased.    Increased  bile 
lEcrttion  was  connrmed  for  large  doses  by  Okada,  1Q15. 

Effects  on  Absorption. — Alcohol  itself  is  rapidly  absorbed  (see  below). 
It  also  inrrcjiscs  the  absorption  of  other  substances  under  certain  conditions  (Riem- 
H'ider.  Strj'chnin,  igoo),  but  not  under  some  other  conditions  (Ryan,  Strychnin, 
\3).  Brequet,  191  i,  found  only  a  slight  effect  on  the  gastric  absorption  of  strychnin, 
iicvlatc  or  iodid.  Tschckounow,  1914,  observed  no  increase  for  saccharose,  iodin 
NaCI.     Hanzlik  found  the  absorption  of  phenol  and  iodid  diminished  by  strong 

Alcohol  intended  as  antidote  may  therefore  even  increase  the  toxicity  of  poisons,  if 
arc  taken  by  the  stomach,  and  this  is  not  evacuated. 


Use  of  Alcohol  in  Indigestion. — Alcohol,  in  the  form  of  wine  or  diluted 
Spirits,  taken  with  meals,  is  cUnically  of  value  in  some  forms,  and  harm- 
iul  in  others.     The  precise  conditions  have  not  been  sufficiently  defined. 
'Would  be  useful  as  a  "counterirritant"  in  functional  "colic"  and  gas- 
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tralgia,  and  harmful  in  the  presence  of  an  acute  gaslrilis.     In  chroni 
conditions,  good  results  might  be  expected  in  "adynamic  states/*  wh< 
the  circulation  or  tone  are  defective — in  the  course  or  convalescence  froi 
fevers  or  exhausting  ilhiess,  phthisis,  etc.     It  would  be  harmful  in  hypei 
acidity,  and  therefore  in  most  *' nervous  dyspepsias."     Certain  wines 
come  injurious  on  account  of  their  acidity. 

Champagne  is  also  used  as  an  afUcmetic.  Its  action  in  this  case  depen( 
perhaps  more  on  the  carbon  dioxid  and  cold  and  on  the  psychical  effect 
than  on  the  direct  action  of  the  alcohol. 

The  Absorption  of  Alcohol. — This  occurs  rapidly,  mainly  from 
small  intestine,  and  is  practically  independent  of  the  quantity. 

Chittenden,  Mendel  and  Jackson,  1S98,  found  that  50  c.c.  of  a  20  per  cent,  alcol 
disappear  from  the  stomach  of  a  dog  in  less  than  half  an  hour:  and  with  the  duodenud.1 
ligated,  300  c.c.  of  a  37  per  cent,  alcohol  are  completely  absorbed  from  the  stomichiii 
three  to  three  and  a  half  hours.     VoUmertng,  igi2,  found  absorption  practically  conn 
pleled  in  an  hour.     Voeltz  and  Dietrich,  1915,  found  the  absorption  materially  faster 
in  habituated  animals,  but  in  either  case  practically  completed  in  two  and  onehaV 
hours.     Ncmscr,  ipoVi  investigated  the  relative  r6U  of  the  sufcxssivc  portions  of  the 
mcntary  tract  in  the  absorption  of  alcohol,  under  normal  conditions.     Administering  «] 
per  cent,  alcohol  to  dogs  with  tislula:  at  different  levels,  he  finds    that    the    amount 
''absorbed  at  each  level  depends  mainly  upon  the  time  during  which  the  fluid  naturally 
Bojoums  at  this  level:  Very  little  of  the  alcohol  is  therefore  absorbed  from  the  mouti; 
|about  a  fifth  from  the  stomach;  very  little  from  the  duodenum;  the  greatest  quaolit) 
ilrom  the  jejunum,  and  the  remaining  fifth  from  the  ileum. 

Hanzlik  and  Collins,  lOi.T,  have  studied  the  absorption  from  intestinal  hops  in  livia^ 
animals,  it  ^vas  rather  better  from  the  colon  tlian  from  the  stomach  or  small  into- 
lincs;  the  length  of  the  loop  had  little  iniluencc;  10  per  cent,  solutions  were  absorbrd 
slightly  belter  than  stronger  or  weaker  concentrations.  The  intestinal  wall  rtLtiiu& 
; certain  amount  of  alcohol  very  firmly,  thus  apparently  arresting  its  absorption.  Voelti, 
'Baudrcxcl  and  Dietrich,  1912,  found  rather  similar  phenomena  in  the  absorpUoa  d 
alcohol  by  the  urinary  hladd^f  which  is  fairly  extensive  (Nicloux  and  Nowicka,  1913). 

Excretion  of  Alcohol. — Only  a  very  small  proportion  of  the  ingested 
alcohol  is  excreted,  by  the  kidneys  and  lungs,  generally  less  than  2  per  cent., 
and  probably  never  more  than  10  per  cent-  (Strassmann,  1H91;  Benedi- 
centi,  1896).     The  remainder  is  completely  o.xidized  in  the  tissues. 

The  proportion  excreted  depends  upon  the  dose  and  other  conditioas- 
It  is  greater  if  the  respiration  is  increased  as  by  muscular  work;  or  if 
the  absorption  is  more  rapid,  as  when  the  alcohol  is  taken  on  an  emptr 
stomach  (Voeltz,  Baudrexel  and  Dietrich,  xgii,  1912). 

Chiinnrl  of  Excretion. — This  occurs  mainly  by  the  kidneys  and  lungs;  a  small  tmmiat 
is  excreted  and  reabsorbed  from  the  urinary  bhvddcr.  The  pulmonary  excretion  tffiiHj" 
constant;  that  by  the  urine  varies  between  one  and  one-hall  and  13  per  cent.,  dcpcndioS 
largely  on  the  sojourn  and  reabsorplion  in  the  bladder  (Nicloux  and  Nowidca,  »Oij]' 
The  milk  may  contain  a  small  amount  if  large  quantities  are  ingested,  but  not  ivithoroi- 
nary  doses  (Klingemann;  Koldcwijn,  igio;  Schottmucller  and  Schumm,  iqwI.  Tbe 
tnaximum  amount  would  be  too  small  to  affect  sucklings  fVocltzand  Pacchtncr,  i()i,0' 
fit  is  also  excreted  into  the  cerebro-spinai  Jluid  (also  acetone  and  chloroform.  HaUl,  tQi»'- 

is  has  been  proposed  as  a  test  for  alcoholic  psychoses  (Selig,  igij;  V'orkastncr  Awl 
iNcuc,  1913.  caution  against  hasty  conclusions). 

Lcnoble  and  Daniel,  1917,  find  that  after  ordinary  alcoholic  inlnxication,  itappn'* 
promptly  in  the  ccrcbro -spinal  fluid,  and  persists  there  for  an  average  of  ten  Auyi.  TM 
excretion  cur\'e  is  similar  to  that  of  the  urine.  It  is  not  excreted  in  the  sweat  ta  f«c* 
(slight  traces  by  intestinal  loops,  Hanzlik  and  Collins,  IQ13). 

The  excretions  do  not  contain  an  appreciable  amount  of  acetone  or  other  intcnnc 
diate  decom^iosition  products  (Masing,  1S54). 

Percentage  of  Alcohol  in  Blood. — According  to  the  old  work  of  Schulinus,  1866,  ih« 
blood  is  said  to  contain  o.ii  per  cent,  in  the  stage  of  slight  confusion,  and  0.73  per  cent 
in  deep  narcosis. 
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Scfaweisheimer.  iQii.  found  that  symptoms  may  begin  with  o.oa  per  cent.,  and  are 
[encmlly  quite  pronounced  with  0.05  per  cent.  A  liter  of  wine  containing  ro  per  cent. 
4  alcohol  may  raise  the  concentration  in  the  blood  to  0.1-0.15  P^'^  cent.  Larger  doses 
paveo.xs  to  0.23  per  cent. 

According  to  Widmark.,  Z015.  the  concentration,  in  man,  is  about  the  same  in  the 
dood  and  unne.  It  is  not  affected  by  the  concentration  in  which  the  alcohol  is  admin- 
Btered.  but  it  is  higher  if  the  alcohol  is  taken  fasting  than  after  raealii. 

Course  of  t lie  AUohoi  Ciyn<tntration  oj  the  Blood. — Schweishcimcr,  191,^,  finds  that  the 
loiicentration  in  the  human  blond  corresponds  with  the  degree  of  intoxication.  With 
%0se  urnKcu itemed  to  alcohol j  the  maximum  concentration  in  the  blood  was  reached  i^ 
K>urs  after  a  liter  of  wine  containing  10  per  cent,  of  alcohol.  The  concentration  then 
emained  nearly  level  for  5  or  6  hours.  The  alcohol  had  practically  disappeared  In  12 
lours. 

With  hahiiual  drunkards,  recei\ang  the  same  dose  the  maximum  concentration  in  the 
llood  was  reached  more  promptly,  but  did  not  rise  as  high,  and  was  maintained  for  only 
I  hours;  and  thf  liiKil  disap[K*arante  from  the  bluod  was  also  more  rapid. 

Existence  of  Alcohol  in  Normal  Tissues.  A  triiling  quantity  of  alcohol  appears  to  be 
produced  in  the  tissues  in  the  course  of  norma!  metabolism.  Its  presence  was  claimed 
}y  W.  H.  Ford,  187.%  and  confirmed  qualitatively  by  Landsberg,  1004.  Reach,  1907, 
inds  that  fresh  rabbit's  muscle  contains  to  0.0017  per  cent,  of  alcohol;  the  liver  may 
Datain  0.02  to  0.14  per  cent.  Voeltz  and  Dietrich,  1915,  recovered  a  total  of  about 
».  1  c.c.  from  normal  dogs.  Dakin  believed  that  this  "  normal "  alcohol  is  not  formed  in 
Jk  tissues,  but  by  intestinal  fermentation;  but  Taylor,  1913,  finds  it  even  after  the 
«moval  of  the  entire  digestive  tract.  Schwcisheimer,  IQ13,  claims  that  normal  human 
>1ood  contains  about  0.03  per  cent,  of  alcohol.  In  drunkardi,  the  concentration  may 
ise  to  2  U  per  millc;  but  after  the  ingestion  of  alcohol  the  excess  disappears  more  rap- 
dly  from  the  blood  of  drunkards  than  from  non-habituated  individuals. 

Distribution  ot  Ingested  Alcohol  in  Tissues. — VoUmering,  1912,  found  that  soon 
if ter  absorption  the  ratio  was  blood  >liver> muscle  >brain.  Later,  the  brain  contained 
the  most.  Katty  tissue  was  slow  to  take  it  up,  but  retained  it  longer.  Vocllz  and  Dic- 
Lrichf  igt2,  found  j  lo  12  per  cent,  still  present  in  the  body  fifteen  hours  after  doses  of 
I  c.c.  per  kilogram;  2  to  4  per  cent,  had  been  excreted  by  the  respiration,  0.4  to  4  per 
cent,  by  the  urine,  and  00  per  cent,  had  been  oxidized.  Messner.  1913.  could  not 
demonstrate  destruction  of  alcohol  by  emulsions  of  tissues,  or  by  blood  in  vUro. 

The  Fate  of  Alcohol  in  the  Tissues ;  Effect  on  Metabolism.— Over  98 

percent,  of  the  ingcsU-d  alcohol  ^iisajipcars  in  the  body,  being  completely 
oxidized  to  carbon  dioxid  and  water  (Atwaler  and  Benedict,  100.2); 
pKtbably  with  acetic  acid  as  an  intermediate  stage.  By  the  chemical 
energy  thus  liberated  (about  7  calories  for  i  Gm.  of  alcohol,  or  4  calories 
ior  I  c.c.  of  whiskey)  alcohol  can  perfectly  replace  carbohydrates  and  fats 
W  the  diet,  and  is  a  typical  non-nitrogenous  food.  It  is  even  superior  to 
niost  other  foods  in  one  particular,  viz.,  in  that  it  does  not  require  diges- 
tion. By  its  poisonous  side  actions,  however,  it  may  at  first  cause  an 
increased  nitrogen  c.vcretion  in  individuals  not  accustomed  to  its  use;  but 
this  action  disappears  in  a  few  days,  and  it  then  saves  nitrogen  like  any 
otbff  food. 

^^^%cn  added  to  an  ordinary  diet,  the  CO:  excretion,  the  ox^'gcn  consumntinn,  and 
^^nilput  of  heat  are  not  materially  changed  (HigKins,  igi;).  The  alcuhol  therefore 
^Hk  the  other  constituents  of  the  diet  from  decomposition,  and  the  body  shows  a  cor- 
r^^nding  gain  in  weight.  If  it  is  added  to  a  diet  deficient  in  carbohydrates  or  fats, 
n  ^  metabolism  is  the  same  as  if  an  isodynamic  quantity  of  these  foods  were  added. 
■taftrcs  carbohydrates  in  man  even  when  largt?  amounts  of  sugar  are  supplied  (Tocgcl 
^^HDworkers,  IQ13).  It  can  be  used  up  in  muscular  work  fftriegcr,  1913).  In  dogs 
^Wn'ng  3  c.c.  of  alcohol  per  kilogram,  this  supplies  about  40  per  cent,  of  the  energy 
'Witx  and  Dietrich,  1015).  (The  literature  of  this  subject  is  summarized  by  Rose- 
^UO,  iQoi,  Pflucgcr's  Archiv,  86:  107.) 

^|fty  observing  the  respiratory  quotient,  Higgins,  ii>i6,  showed  tliat  in  man,  with 
^■bof  \o  c.c.  of  alcohol,  appreciable  quantities  begin  lo  be  burned  in  five  to  eleven 
ffflfeiBtes  after  administration.  Sucrose,  lactose  and  levulose  gave  similar  resulLs:  where 
«gluco?c  and  maltose  began  to  be  otidized  only  alter  twenty  to  thirty  minutes. 

The  oxidation  of  alcohol  is  completed  rather  slowly;  with  2  c.c.  per  kilogram,  it 
tequires  about  eighteen  hours  (Voeltz  and  Dietrich,  io»5)- 
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In  man,  the  combustion  of  .^o  c.c.  requires  about  8  hours;  of  45  c.c.  tj  hours  (Hig^i 
XQ17).  It  is  not  materially  faster  in  habituated  individuals,  as  claimed  by  Pringsbeii 
1908. 

Likewise,  liver  emulsions  from  habituated  animals  do  not  destroy  alcohol  faster 
those  from  non-habituated  animals  (J.  Hirsth,  igiO).     The  destruction  is  said  to 
hastened  by  fever.     Increase  of  external  temperalurc  is  said  to  leb!»cn  Ui>  oxidation  ni 
to  promote  its  excretion  (thus  q6  per  cent,  oxidized  at  i6°C.;  Q3  per  cent,  at  26";  Vocl 
and  Baudrexcl,  IQ13). 

Alcohol  can  also  be  utilized  in  the  form  of  rectal  injection.  Thus,  T.  M.  Carpenter 
19x7,  found  the  respirator)'  quotient  (in  man)  generally  lowered  in  2  to  j  hours  alter  thr 
injection  of  25  c.c.  of  alcohol  diluted  to  5  or  lo  per  cent. 

Blood  Ciitalase. — In  dogs,  this  is  usually  increased  by  gastric  administration  of  al( 
hoi,  presumably  through  increased  output  by  the  liver.     Intravenous  injections  dii 
ish  tne  catalase  content  by  direct  destruction  (Burge,  1Q17J. 

Efe/rt  on  Nitrogen  Metabolism. — Mendel  and  Ililditch,  igio,  have  i"-" 
the  effects  of  moderate  quantities  on  man  and  dogs.  Giving,  in  man.  larf- 
corresponding  to  q6  c.c.  of  g5  per  cent,  alcohol  (5cx>  caloriesj,  divided  iii_ 
per  day,  with  constant  diet,  they  found  no  pronounced  disturbance  in  the  alimentu^ 
utilisation  of  food.  These  doses  spared  protein;  the  partition  of  the  unnar>*  nitrogOB 
was  unchanged,  e.vccpt  that  the  purin  excretion,  both  endogenous  and  exogenous,  wasiarj 
creased.  Larger  doses  caused  a  loss  of  nitrogen  and  a  relative  increase  of  uriauy] 
ammonia. 

With  smaller  doses  (40  c.c.  of  rum,  three  times  daily)  and  in  individuals  accustone^J 
to  its  use,  Hnmmett.  iqiO,  found  no  increase  of  uric  acid. 

Stehle,  1Q15,  found  no  increase  in  the  excretion  of  endogenous  uric  acid.  Winir 
stein,  iqt4,  claims  that  ulcohol  increases  the  gas-metabulism  of  the  spinal  cord  of  \*\p 

Subtle Htc  Alcoholic  Intostir.alian. — Salant  and  Hinkel,  igto,  found  that  this  caiml. 
in  well-fed  dogs,  a  moderate  diminution  of  the  total  urinary  nitrogen  and  sulphur;  1 
much  greater  decrease  of  the  inorganic  sulphates  and  phosphates;  a  tendency  to  rettft 
tion  of  chlorids;  a  diminution  of  indican;  and  increase  of  neutral  and  ethereal  sulphur 

FOOD-VALXrE  OF  ALCOHOL. 

Whilst  there  can  be  no  doubt  that  alcohol  is  an  excellent  food,  Ln  tl»i 
sense  of  being  a  source  of  energy,  other  factors  must  be  taken  into  con- 
sideration. The  increased  ntitril ion  may  itself  be  detrimental  to  the  bod)v] 
either  by  preventing  the  complete  combustion  of  metabolites  (which  ma)^ 
possibly  be  connected  with  the  origin  of  gout),  or  by  leading  lo  an  abnor- 
mal deposition  of  fat.  A  still  more  potent  objection  to  considering  alcfr 
hoi  as  a  generally  useful  food  lies  in  its  toxic  action,  especially  its  psychici) 
effects.  Alcohol  should  therefore  be  employed  as  a  food  only  when » 
sufficient  supply  of  energy  can  not  \>c  obtained  from  an  ordinary*  diet;  a*- 
for  instance,  in  digestive  tllsiurbances,  or  when  the  demands  on  the  organ- 
ism are  unusually  large,  as  in  fever. 

The  proverbial  obfsily  of  persons  addicted  to  the  overuse  of  weak  alcoholic  \^qv^ 
(in  which  the  nutrient  etlecl  is  less  obscured  by  the  toxic  actions),  is  a  stril: 
tiun  that  too  good  a  nutrition  is  not  necessarily  benchcial.     That  alci>h>>l 
oxidation  of  metabolites  is  shown  by  an  increased  excretion  of  uric  acid  ond  .immm'.) 
nitrogen  at  the  expense  of  urea  (Paton  and  Euson,  1901;  Mendel  and  Hilditcb.  igio' 
This  points  to  a  modification  of  the  functions  of  the  liver. 

Excessive  doses  of  alcohol  are  always  detrimental  to  nutrition,  lessening  both  assfW 
ilation  and  disassimitation.    The  elTect.s  resemble  those  of  the  anesthetics. 

Alcohol  in  Diabetes  Mellitus. — Alcohol  would  be  expected  to  act  favorably  «•• 
easily  digestible  food.  ■iuppl>'ing  the  place  of  the  sugar,  and  diminishing  the  exctssivt 
draft  on  proteins,  and  thus  lessening  the  risk  of  acidosis.    This  expectation  ha* ' 

f»artly  verified;  Benedict  and  Ftiriik,  1906,  found  that  the  replacement  of  50  to  Jto  Ciin 
ood-fat  by  i3od>'namic  quantities  of  alcohol  lessened  the  excretion  of  sugar,  acrtos 
and  nitrogen.    0.  Xeubauer,  1006,  also  reports  it  as  ui^eful. 

On  the  other  hand,  Higgins,  Peabody  and  Fitz,  1016,  found  thnr    ^'-->' ■' 
180  c.c.  of  whiskey  per  <l:iy)  did  not  prevent  acidosis  in  normal  persons 
free  diet.     Moseritnal  anS  Harrop,  1918,  also  foud  tJiat  alcohol  was  u 
isodynamic  quantities  of  protein  or  even  fat  in  conserving  a  nitrogen  balance. 
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;ssive   quantities,  however,  can    not    be  expected  to  exert  a  favorable  action. 
ice  the  toxic  effccls  will  predominate.     Salant.   k)o/>.  fed  rabbits  on  alcohol  alone, 
Hd  found  no  increase  of  hepatic  glycogen;  nor  did  large  doses  retard  the  disappearance 
I  stored  glycogen. 

Use  of  Alcohoi  in  Convalescence  and  Debility  as  an  "Analeptic,'* 
Restorative*'  or  "Stimulant.** — The  value  of  aUohol  in  these  rondn ions 
\  supported  by  long  experience.  Its  action  must  be  quite  complicated. 
h  the  absence  of  organic  lesions  a  great  deal  may  be  expected  from  tm- 
^oving  the  symptoms.  This,  like  nursing  and  hygiene,  increases  the 
i>niforl  and  well-being  of  the  patient,  and  starts  him  on  the  way  to  im- 
rovemcnt.  Alcohol  meets  these  indications  in  an  excellent  manner: 
*he  feeling  of  well-being  caused  by  it,  the  sense  of  capability,  the  removal 
{  worrj',  the  enjoyment  in  the  act  of  taking  it,  the  rest  and  sleep  induced 
y  its  narcotic  action,  its  food-value  and  its  beneficial  effects  upon  diges- 
On,  all  concur  in  its  action.  To  this  may  be  added  its  slight  but  certain 
ffects  upon  the  vascular  system — the  altered  distribution  of  blood,  the 
iminishcd  resistance  to  the  heart — which  may  be  of  i>encfit  in  some  cases. 
*or  these  purposes,  the  alcohol  should  be  taken  well-diluted,  as  light 
^ncs  or  beers. 

Use  of  Alcohol  in  Depressed  Psychical  States. — (Hj'pochondria,  Mel- 
^cholia.  Neuralgia,  and  other  obscure  nervous  diseases.) — Thts  relieves 
)hc  patient,  by  its  mild  narcotic  and  euphorislic  action — but  the  tempo- 
rary relief  is  generally  obtained  at  the  expense  of  a  permanent  alcohol 
babit,  and  is  therefore  not  to  be  advised. 

Use  of  Alcohol  as  a  Hjrpnotic. — Alcohol,  esp>ecially  in  the  form  of  beer, 
taken  at  nighi  and  in  the  absence  of  excitement,  Ls  a  fairly  efficient  h)^- 
"nolic;  but  its  usefulness  is  limited  by  the  danger  of  chronic  alcoholism. 
h>T>notic  dosage  corresponds  to  45  to  60  Gm.  of  alcohol. 

CONTRAINDICATIONS  TO  ALCOHOL 

ese  may  be  briefly  resummarized  as:  Danger  of  habit;  states  of 
ment;  sthenic  stage  of  fevers;  irritation  of  the  alimentary  or  genito- 
unnary  tract. 

ACtJTE  ALCOHOL  POISONING 

ith  excessive  doses,  the  "stimulant  stage"  passes  progressively  into 
Ihe  narcotic,  anesthetic,  and  paralytic  stages.  The  narcotic  stage  may 
W  said  to  exist  when  the  symf)toms  of  lessened  psychic  activity  assume 

Bainence.     Sensation  and  motion  become  impaired.     Speech  b  thick 
muttering,  the  f^ait  uncertain,  the  special  senses  are  blunted.     Drowsi- 
8cls  in.     The  face,  which  was  flushed,  may  become  pale.     Vomiting 
^COirs, 

Consciousness  and  sensation  and  muscular  tone  are  gradually  lost 
completely.    This  constitutes  the  anesthetic  stage. 

In  the  paralytic  stage  proper,  the  symptoms  are  those  of  beginning 
**ediiUary  paralysis;  the  respiration  is  slow  and  stertorous;  the  pulse 
freely  discernible.  Skin  cold  and  cyanotic.  Pupils  generally  dilated. 
^ejtexes  alMiltshed.  The  temperature  falls  severely.  The  odor  of  the 
Wcath  is  diagnostic. 

,     If  very  large  doses  have  been  taken  on  an  empty  stomach,  these  para- 
fytic  symptoms  may  set  in  at  once. 

I     Death  is  relatively  rare.     It  nnay  occur  within  half  an  hour,  or  the  coma  may  frrow 
and  terminate  in  paralysis  of  the  respiration  or  the  heart,  or  in  pulinunar>' 
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edema;  generally  within  twenty-four  hours.  If  the  coma  lasts  beyond  thirteen  hours, 
recovery  is  exceptional.  Death  may  also  occur  later,  either  from  prolonged  coma;  or 
after  a  protracted  debauch,  as  the  result  of  gastric  irritation  and  debilitation. 

The  acute  fatal  dose  is  probably  variable.  In  analogy  with  animals,  it  would  re- 
quire about  a  pint  of  whisky;  and  cases  of  death  from  such  quantities  are  recorded 
(Lewin). 

Recovery. — The  coma-rif  the  intoxication  has  progressed  so  far- 
passes  into  natural  sleep,  often  with  sweating.  C^  awakening  there 
follows  a  series  of  symptoms  pointing  mainly  to  aciUe  gastric  catarrh,  and 
perhaps  to  functional  neuritis;  and  grouped  by  the  Germans  under  the 
name  of  **Katzen jammer:"  headache,  coated  tongue,  loss  of  appetite, 
irritable  stomach,  diarrhea,  muscular  pains,  etc. 

The  skiut  after  severe  alcoholic  poisoning,  may  show  effects  resembling  those  of 
contusions  or  bums;  edema,  blisters,  extravasation  of  blood,  and  gangrene.  Bedsores 
are  especially  common.  These  effects  may  perhaps  be  due  to  injury  to  the  capillaries, 
or  neurites. 

The  treatment  of  acute  alcoholism  consists  in  evacuation  of  the  stom- 
ach preferably  by  apomorphin,  which  acts  also  as  a  hypnotic;  and  the 
administration  of  stimulants,  caffein  or  strychnin.  The  subsequent 
headache  and  nervousness  are  met  by  bromids  and  caffein.  Sodium 
bicarbonate  lessens  the  gastritis. 

THE  ANTAGONISM  OF  ALCOHOL  AND  CkSFffSm 

This  has  been  studied  by  Pilcher,  191 2,  on  cats.  The  combination  of  small  doses  of 
alcohol  and  caffein  result  in  an  antagonistic  effect,  but  the  combination  of  larger  (baH- 
fatal)  doses  results  in  greater  depression  and  greater  fatality  than  if  eitherdrugven 
used  alone.  The  ordinary  doses  of  caffein  would  tend  somewhat  to  decrease  the  ov- 
cosis  and  hasten  the  recovery  from  severe,  but  not  fatal  alcohol  poisoning.  With  fatal 
doses  of  alcohol  ordinary  doses  of  caffein  would  have  no  effect,  and  larger  doses  woald 
be  detrimental. 

THE  HABITUAL  BUT  MODERATE  USE  OF  ALCOHOL 

//  may  be  considered  as  probable  that  a  certain  amount  0}  alcohol  (varialiif 
in  individual  cases)  may  be  taken  daily  "without  any  demonstrable  permanency 
injurious  effect.  But  it  stands  equally  certain  that  it  is  as  dbpensable 
to  the  organism  as  nicotin  or  caflfein,  and  that  it  must  be  looked  upon 
purely  as  a  luxury.  The  injury  done  by  such  use  of  alcohol  lies  chiefly 
in  the  fact  that  it  is  so  apt  to  lead  to  the  use  of  immoderate  amounts. 

I^essened  Resistance. — Perhaps  the  only  positive  evidence  of  injury  from  sniau 
doses  of  alcohol  is  in  this  direction:  Hunt,  1907,  found  that  the  long-continued  admioi' 
tration  of  small  quantities  of  alcohol  to  mice  or  guinea  pigs  increases  their  susoeptibiHt? 
to  the  fatal  action  of  acetonitrUe.  This  is  attributed  to  a  derangement  of  meUboSso 
which  hastens  the  decomposition  of  the  non-toxic  nitrile  into  uie  cyanid.  It  is  not 
produced  by  methyl  alcohol,  chloral,  etc.  Laitiner,  1907,  also  claims  that  very  smtH 
doses  (o.  I  c.c.  per  kilogram,  daily)  suffice  to  render  the  erythrocytes  less  resistant  ti) 
hemolysis;  and  also  lessen  the  resistance  to  infectious  diseases.  He  asserts  that  thii 
lessened  vitality  is  transmitted  to  the  offspring. 

Mueller,  1904,  Wirgin,  1905,  and  others  have  found  that  the /ormo/um  efantibe^ 
h  lessened,  if  rabbits  are  kept  mildly  intoxicated  for  several  days  after  the  injectioD  of 
an  antigen. 

For  human  subjects,  Reich,  191^,  also  claims  diminished  resistance  of  erythrocytes 
to  hypotonic  solutions,  and  slight  decrease  of  the  bactericidal  action  of  serum  against 
typhoid  bacilli.  The  effects,  however,  varied  greatly,  so  that  it  is  difficult  to  cstioutc 
their  importance.     Phagocytosis  was  not  affected. 
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CHRONIC  ALCOHOLISM 

le  excessive  habitual  use  of  alcohol  leads  to  effects  which  may  be 
Touped  together  under  the  name  of  chronic  alcoholism,  and  which 
lepend  in  part  upon  the  irritant  action  of  the  alcohol,  in  part  upon  specific 
njury  to  the  neurons. 

Gastro-intestinal  Irritation.— The  first  effects  arc  local,  and  depend 
irgely  upon  ihc  concentration  of  the  spirits.  They  consist  of  a  catarrh 
i  the  whole  alimentary  canal,  progressing  from  the  pharynx  downward. 
'hey  are  characterized  by  the  usual  symptoms  of  catarrhal  gastroenteritis; 
>ss  of  appetite,  gastric  distress,  irregularity  of  stools,  craving  for  spices, 
tc.  The  chronic  catarrh  leads  to  malnutrition  and  emaciation  when 
trong  spirits  arc  used.  It  also  appears  to  constitute  a  predisposing  factor 
3  carcinoma  of  these  organs.  In  the  case  of  excessive  beer-drinking  the 
abitual  overdistenlion  of  the  stomach  leads  to  chronic  dilatation. 

Degenerative  Changes  in  Internal  Organs.^ — The  continued  presence 
f  alcohol  in  the  body  seU  up  a  series  of  irritant  and  degenerative  phe- 
omcna  in  various  other  organs  with  which  it  comes  into  contact.  These 
tianges  consist  in  fatty  infiltrations,  cellular  degenerations,  and  hyper- 
rophy  of  connective  tissue. 

The  necrotic  changes  in  the  tissue  cells  must  I>c  attributed  to  the  continued  irritation 
•om  the  constant  presence  of  the  alcohol;  and  to  this  must  be  added  the  interference 
ith  circulation  due  to  the  changes  which  alcohol  causes  in  the  blood  vessels.  These 
wo — the  direct  irritant  action  of  alcohol  on  the  cells,  and  the  impaired  circulation — 
re  insepambly  connected  in  the  production  of  the  dcgcnemtions.  Of  these,  the  fatty 
re  the  most  common,  since  alcohol,  by  its  combustion,  prevents  the  normal  consump- 
ion  of  fat.  Connective-tissue  formation  results  as  the  ordinary  consequence  of  nccro- 
!is  of  the  parenchyma. 

Thev;  changes  are  proportional  to  the  concentration  of  the  alcohol.  Since  this  ia 
Mturally  greatest  in  the  liver,  kidneys  and  blood  vessels,  these  organs  show  the  action 
6»t  and  most  prominently.  In  the  liver,  again,  the  peripher>'  of  the  lobules  is  moinly 
iffccted.  Chronic  alcoholism  is  probably  the  most  common  cause  of  hrpaitc  firrhosts 
(pfrhaps  half  the  cases;  but  only  5  or  6  per  cent,  of  the  alcoholics  develop  cirrhosis; 
Baumgartcn,  iqoS). 

Mcjunkin,  191 7,  however,  points  out  that  the  evidence  of  the  alcoholic  factor  in  the 
Hom&n  is  not  quite  clear;  probably  the  action  is  indirect.  He  failed  to  obtain  cirrhosis 
0  animals  by  any  method  of  administration.  Other  workers  obtained  discordant 
"suIl^  (A.  L.  Gruver,  1916;  literature).  The  positive  data  arc  perhaps  spontaneous 
(nbbiis). 

^fext  in  point  of  time  comes  the  action  on  the  blood  vessels.  This  is  of  especial 
U  since  it  contributes  materially  to  the  degenerations  in  other  organs.  The  princi- 
are  in  the  intima;  tliere  are  fatty  degenerations,  loss  of  elasticity  and  ather- 
lesc  may  lead  to  ruptures  (apoplexy,  etc.). 
merative  changes  in  the  ludneys  lead  to  nephritis,  with  cirrhosis,  albumi- 
isbed  secretion  of  urine,  secondar>'  weakening  of  tlie  heart,  etc.  The  heart 
iwever,  in  common  with  skeletal  muscle,  shows  primary  fatty  degeneration. 
^]liis,  together  with  the  atheroma,  etc..  leads  to  hj'pcrtrophy  and  dilatition  of  the 
'TSrus,  and  later  to  dropsies,  etc.  The  heart  rate  is  generally  rapid.  The  fatty  changes 
|o  voluntary  muscle  lead  to  muscular  debility,  especially  in  beer-drinkers,  in  whom  there 
i*iDorc  material  for  fat  formation,  fkiut  is  a  common  sequence  of  modern Ic  alcoholism. 
The  respiratory  organs  show  a  chronic  catarrhal  inflammation  of  the  passages,  and 
»  disposition  to  fatal  pneumonia.  Changes  in  the  skin — vascular  ccchymoscs.  acne 
OMacea.  disposition  to  nimucles  and  carbuncles —  may  be  counted  among  the  earlier 
ictions. 

Experimental  €hronic  ahokoHsm^  in  rabbits,  produced  fatty  changes  in  the  heart, 
fveritnd  kidneys,  and  cellular  inliltration  of  the  pia  (Lissauer,  1Q13).  Hepatic  changes 
ccur  also  on  intravenous  injection  (Scbafir,  1913^  In  the  heart,  Otto.  lOM-  found 
egencrations  of  ganglion  cells,  atrophy  of  muscle,  and  scar  tissue.    Large  single  doses 

■  A«.a  rc«ult  of  an  extensive  study  of  autops/  material.  Calwt.  1004.  tliugnes  with  the  enm- 
M  OfNtiion  that  alcubolism  ts  o  cause  of  BrtenocclerouK. 
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(4  c.c.  per  kilogram/  may  also  cause  changes.     Single  small  doses  do  not  leave  any  lesioni. 
(v.  Otto.  1914) 

These  various  anatomic  lesions  of  imporuini  organs  result  in  a  pronounced  lowering 
of  the  "powers  of  resistance/*  and  a  high  mortality  with  infectiou;^  diseases,  oper&tiont,j 
etc.     It  appears  that  the  amount  of  antitoxic  complement  is  lessened. 

Nervous  Phenomena.— These  differ  from  the  preceding  in  ihat  they* 

are  partly  functional. 

Ten  to  50  per  cent,  of  the  cases  of  insanity  are  attributed  directly  lo- 
alcoholism;  but  R?ron.  1912,  found  the  proportion  of  mental  defects  as 
high  in  the  recent,  as  in  old  cases  of  alcoholism.  Epilepsy,  which  is  a 
hereditary  nervous  disease,  is  70  limes  as  frequent  in  alcoholics  as  in  the 
general  population.  These  facts  indicate  that  alcoholism  is  the  effect, 
rather  than  the  cause,  of  menial  degeneration. 

However,  alcohol  may  cause  various  types  of  acute  delirium  aixl 
mania. 

On  the  part  of  the  motor  system  there  are  tremors  and  later  convulsioiii. 
and  paralyses,  the  latter  partly  the  result  of  peripheral  ncuriics. 

It  is  difficult  to  exaggerate  the  importance  of  hahit  and  repeated  imprc&aions  on  ihc 
psychic  actiWtics.  The  constant  repetition  of  the  features  of  alcoholic  excess  could 
not  but  produce  in  this  manner  a  j»ermancnl  morul  defeneration.  But  associatctl  »ilJi 
this  functional  feature  are  marked  anatomic  changes,  due  to  the  same  causes  as  similar 
<:hanges  in  other  organs;  and,  lastly,  it  must  be  remembered  that  alcohol  has  a  ^lecific 
action  on  the  nerve  cells. 

yVraong  the  anatomic  lesions  which  have  been  observed  are:  Chronic  mcniTijcitii 
with  thickening;  serous  effusions  into  ventricles;  softening;  tendency  to  hemorrbaitrt 
and  apoplexy.  Histologically,  shrinkage  and  alterations  in  the  staining  properties  erf 
the  ceUs  fFig.  2O  and  changes  in  the  dendritic  processes  have  been  averred.  | 

Clinically,  tne  first  effeclh  are  shown  by  diminished  acti\ity  of  the  individwl. 
This  occurs  even  with  very  moderate  doses.  (Xice,  loia,  found  the  activity  of  white 
mice,  as  recorded  by  a  revolving  cage,  to  be  reduced  by  one-fourth  through  chrauc 
alcoholism.)  Later  there  is  a  diminished  acumen  of  the  special  senses  and  of  ihereMon- 
ing  powers,  leading,  the  former  to  disturbances  of  vision,  the  latter  to  degeneracy  awi 
dementia,  often  suicidal.  It  is  a  noteworthy  fact  that  by  far  the  greater  proportio'' 
of  inmates  of  insane  asylums  and  pris<:ms  were  addicted  to  the  excessive  use  of  alcolwl 

Children  of  Alcoholic  Parents. — The  influence  of  alcoholism  of  ihf 

parents  on  their  ofTiipring  is  siill  an  unsolved  problem,  the  data  as  well 
as  opinions  being  so  contradictory  that  no  definite  conclusions  can  Nf 
drawn. 

Miss  Etdeston  and  Karl  Pearson,  igio.  in  a  statistical  study  covering  \.(>oq  srh»' 
children,  could  find  no  real  eWdence  of  either  physical  or  mental  detcriuratn'ii  (duin 
rate,  mean  weight  and  height,  general  health,  mental  and  visual  defects).  They  t»>a 
elude  that  the  danger  of  alcoholic  parents  lies  in  the  transmission  of  the  heredilarj' 'I'" 
fccts  which  caused  the  parental  alcoholism.  .At  the  other  extreme,  von  Bunge.  tVH. 
claims  that  chronic  utrohuiism  on  tiu  part  of  tke  father  renders  the  daughter  incapable  of 
[efficient  lactation,  and  that  this  incapacity,  as  well  as  a  tendency  lo  tulKTculosis  ind  t"* 
tries  of  the  teeth  is  transmitted  to  subsequent  generations.     But  if  this  danger  wfl* 

lly  as  great  as  it  is  painted,  it  i*  difTicult  to  account  for  the  comparative  \'iRor  <>' 
'populations  among  whom  chronic  alcoholi?m  has  been  fairly  common  for  many  crti 
turies,  or  for  the  fact  that  some  mothers  still  nurse  their  children. 

Bertholct,  looo.  finds  ihat  the  testicles  of  chronic  alcoholics  generally  show  atr^t'^^ 
of  the  parenchyma,  and  increa.'^  of  intertitial  tissue,  with  corresponding  dei.ro- 
and  abnormalities  of  the  spfrmalozna.  This  would  lead  to  more  or  less  iropol<:i^ 
tvanow,  iQH,  reports  that  the  addition  of  ?  per  cent,  alcohol  in  vitre*  has  pnrtiaiUy 
no  effect  on  the  motility  of  spermatozoa;  li  per  cent,  has  little  effect;  with  1 5  per  cent 
there  is  marked  impairment.  Contact  for  thirty  minutes  with  to  per  cent,  alcohol  do» 
not  hinder  their  fertilizing  action,  and  the  feti  are  normal. 

-Ariilt  and  Wells.  1^17,  claim  that  in  animals  the  spermatic  tissue  reacts  before  *»y 
other  to  the  daily  administration  of  alcohol. 
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Exposure  of  the  ova  or  spermatozoa  of  the  fish  fundulus  to  alcohol  before  fertilization 
produce!)  impaired  and  abnormal  development  (Gee,  igiy}.  Of  course,  the  conccnlra- 
tions  and  other  conditions  of  such  experiment*  are  so  peculiar  that  they  have  little 
meaning  for  the  human  problem. 

pearl,  1916,  found  the  progeny  of  fowl  treated  with  ethyl  or  methyl  alcohol  or  ether 
it  stroHj^er  than  the  controls,  although  fewer  cgg&  were  hatched. 

ttockard,  1Q12,  finds  that  chronic  alcoholism,  induced  in  guinea  pigs,  cither  parent, 

diminishes  fertility  and  causes  most  of  the  embrj'os  to  die  before  or  shortly  after  birth. 
The  offspring  is  often  defective,  sometimes  with  ^ny^s  deformities.  This  degeneration 
is  transmitted  for  at  least  three  generations;  in  fact,  it  rather  increases  ( 1014).  Stockard 
also  found  (i<>09)  that  alcohol  and  other  anesthetics  cause  various  morphologic  defects 
in  fishembr\'os,  but  this  of  course  is  a  vcr>' different  matter.  Whitney,  iQw,  found  that 
cultivation  of  rotifers  in  ^i  to  V^  per  cent,  alcohol  lessens  their  resistance  to  copper,  the 
injury  increasing  with  successive  cultivations;  but  if  the  alcohol  was  withdrawn,  the 
nontnal  resistance  was  recovered  in  the  second  generation.  With  these  animals  ihcrc- 
fore  the  alcohol  has  no  direct  inBucncc  on  the  germ-plasm.  With  female  pigeons,  the 
<3aily  inhalation  for  one  to  two  hours  of  nearly  paralytic  doses  of  alcohol,  for  two  to  four 
months,  reduced  the  size  of  the  cgg-volk  quite  materially  (Riddle  and  Bassetl,   igi6). 

McDowell,  1919,  obser\'ed  lowered  efficiency  in  the  sohing  of  maze  and  similar  prob- 
lems by  the  non-alcobolic  offspring  of  heavily  alcoholized  rats. 

While  it  is  not  proven  that  ordinary  alcoholism  has  a  direct  influence 
on  the  germ-plasm,  it  is  certain  that  the  embryo  is  exposed  to  the  influence 
of  the  alcohol,  since  this  passes  readily  through  the  placenta,  and  exists 
in  the  same  concentration  in  the  fetal  blood  as  in  that  of  the  mother 
(Nicloux,  1905).     This  may  be  supposed  to  cause  a  more  or  less  persis- 
tent lowering  of  the  resistance,  and  account  for  the  high  mortality  among 
the  children  of  alcoholics;  the  usually  poor  hygienic  surroundings  would 
contribute  to  this  result.     Moreover,  the  children  will  inherit  the  degen- 
eracy which  induces  alcoholism  in  the  parents.     The  statistics  of  prisons 
and  asylums  indicate  a  tendency  to  psychic  and  moral  degeneracy  amongst 
the  descendants — epilepsy,  idiocy,  insanity,  disposition  to  crime  and  to 
alcoholism;  but  it  is  not  decided  whether  the  defective  inheritance  con- 
cerns a  degeneration  induced  in  the  parent  by  alcohol,  or  the  degeneration 
underlying  the  abuse  of  alcohol.     The  latter  is  more  probable. 

*  Other  Intoxicants. — Alcohol  is  not  the  only  meml>er  of  the  hydrocarbon  series 
ch  has  been  abused  as  an  intoxicant.     Ether,  chloroform,  chloral,  paraldehyd  and 
B  turpentine  and  gasoline  have  their  devotees.     Their  effects,  in  so  far  as  they  have 
ft  studied,  correspond  closely  to  those  of  alcohol. 
Treatment  of  Chronic  Alcoholism. — This  follows  the  same  principles 
^tewith  other  drug  habits.     The  first  essential  is  the  complete  withdrawal 
^Bjtbe  drug.     This  may  be  facilitated  by  scopolamin  (see  under  "  Morphin 
pBbil").     A  distaste  may  be  created  by  the  addition  of  some  nauseant 
Upomorphin),  but  the  effect  of  lliis  deception  is  usually  not  lasting. 
^^EK<^^tion  may  be  very  useful.    The  local  action  of  the  alcohol  may  be 
^Htaced  by  capsicum  or  ginger,  the  stimulation  by  beef-tea;  the  depression 
^TOy  be  met  by  caffein,  the  insomnia  by  bromid.     The  prospects  of  cure 
I    are  better  than  with  morphin  or  cocain;  but  the  patients  will  often  relapse. 
Delirium  Tremens. — This  peculiar  manifestation  occurs  in  drunkards 
^hen  I  heir  forces  are  unusually  weakened — by  extraordinary  excess,  or 
H'  the  suppression  of  their  usual  allowance  of  alcohol;  by  absence  of  food; 
exposure;  overexertion;  trauma;  hemorrhage;  operations;  psychic  shock; 
Or  in  any  serious  illness,  esf>eriaf]y  in  pneumonia.     Premonitory  symptoms 
^f  restlessness,  tremor,  insomnia,  and  anorexia  last  usually  a  couple  of 
Hks.     They  pass  into  excessive  tremor,  persistent  insomnia,  violent  and 
^ukative  delirium  and  terrifying  specific  hallucinations  of  sight  (often 
.small  animals),  touch,  and  sometimes  hearing.    It  usually  runs  its  course 
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in  a  few  days,  ending  in  prolonged  sleep.  Acute  amblyopia  has  been 
IK)rtcd  (Kaiser,  1912).  The  trealmenl  aims  to  support  the  strength  of  ll 
patient  by  allaying  the  gastritis  and  giving  light  but  nourishing  food! 
The  insomnia,  restlessness  and  excitement  should  be  treated  on  thcirj 
first  appearance,  by  moderate  doses  of  sedatives  and  hypnotics;  such 
bromid  (i  Gm.  ever>'  one  to  four  hours);  chloral  at  night  (not  over  i  Gm., 
since  large  doses  have  caused  death);  veronal  (i  Gm.);  paraldehyd  (j' 
Gm.);  morphin;  or  scopolamin  (0.5  mg.).  Ergot  has  been  advocated,  andj 
the  statistical  study  of  Ransom,  1909,  seems  to  be  in  its  favor,  althoughi 
it  is  not  conclusive. 

Petechial  hemorrhages  in  the  gastric  mucosa  are  vcr>'  common  lesions  in  nem>p* 
sies  of  delirium  tremens  patients.  They  erist  without  any  e\'idence  of  acute  inflam- 
mation, and  must  be  due  to  a  direct  toxic  action  on  the  vessels  fE.  F.  Hirsch,  igiol. 

The  pulmonarv  capillaries  may  contain  fat  emboli,  as  in  other  convulsive  cooditioitf 
CMacCallum). 

PECULIARITIES  OF  ALCOHOLIC  BEVERAGES 

Common  experience  teaches  that  the  effects  of  the  various  aicoholir 
beverages  differ  in  minor  details.  These  differences  are  due  to  the  con- 
centration of  the  alcohol,  extractive  matter,  and  to  the  presence  of  ester> 
and  higher  alcohols.  However,  the  scientific  data  are  scanty  and  un- 
satbfactory. 

Beer  owes  its  hypnotic  qualities  somewhat  to  the  lupulin  of  the  hops  a? 
well  as  to  the  alcohol.  Some  wines  are  also  hj-pnotic,  while  others— the 
majority — are  exalting.  The  diuretic  action  of  gin  is  largely  due  to  the 
essential  oils  contained  in  it. 

Absinthe  produces  hallucinations  and  finally  epilepsy.  The  Mexican  driok, 
**pulque,"  produced  by  the  fermentation  of  the  juice  of  the  maguey  plant,  pcodocfl 
an  alcoholic  intoxication  in  which  the  thought  and  language  are  low,  the  patieat  i> 
boisterous  and  quarrelsome^  and,  it  is  said,  generally  unhappy. 

The  stronger  ^irits  contain,  besides  alcohol,  substances  which  raav 
pharmacologically  be  divided  into  two  groups:  the  "oenanthic  ethers" 
that  give  the  bouquet  (flavor),  which  add  to  the  stimulation  and  have  do 
other  marked  action;  and  those  that  have  a  deleterious  effect.  Thf 
latter — which  are  commonly  called  impurities — are  largely  destroyed  by 
age.     The  most  abundant  is  amyl  alcohol  (fusel  oil). 

The  action  of  these  "impurities"  as  far  as  studied  is,  upon  the  whole. 
similar  to  that  of  alcohol  itself,  but  more  toxic.  However,  the  whole 
subject  is  in  dispute.     (The  literature  is  abstracted  by  R.  Foerstcr,  1910 ) 

Friedenwald,  1911,  found  that,  with  intravenous  injections  into  rabbits,  the  lo\ 
of  alcoholic  liquors,  wines  and  beers  was  higher  than  would  correspond  to  their  ak  ! 
content.    The  small  value  of  these  results  is  illustrated  by  the  fact  that  they  wouia 
place  the  toxicity  of  pure  10  per  cent,  alcohol  considerably  above  that  of  58  per  occt 

The  aldehyds  have  a  strongly  irritant  action  on  mucous  membrane — as  shovm  bv 
formaldchyd  or  acrolein  (allyl-aldehyd — the  vapors  of  overheated  fatty  oil).  FurfoMl, 
which  was  formerly  believed  to  modify  the  intoxication,  does  not  appear  to  do  so. 
Larger  doses  are  convulsant  (Latwrdc,  1888). 

Artificial  liquors  are  made  by  the  admixture  of  ethers  and  essential  oils  to  alcohol 
Their  action  is  not  uniform,  but  it  is  generally  believed  to  be  more  irritating  locally,  ao^ 
more  injurious  to  the  brain. 

PREPARATIONS — ALCOHOL 

Alcohol  Dehydraium  (Alcohol  Dehyd.),  U.S.P.;  AUokol  Absolutum  (Alcohol  Absol  I. 
B.P. — Not  less  than  99  per  cent,  by  weight  of  CaH^OH.     Very  hygroscopic. 
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*kot,  U.S.P.;  Spifitus  Rectificatiu  (Sp.  Rectif.).  B.P.— Xot  less  than  Q3.3  per 
cent,  by  weight,  94.9  per  cent,  by  volume,  U.S.P.;  qo  per  cent,  by  volume,  B.P.,  of 
CiHiOH.  Colorless,  volatile  liquid,  of  characteristic  odor  and  burning  taste.  Freely 
miscible  w-ith  water,  ether,  chloroform,  etc. 

Diiuiion. — Since  a  condensation  occurs  on  mixing  alcohol  and  water,  the  percentage 
of  the  resulting  product  can  not  be  deduced  by  the  formula  per  cent,  -i-  fV  -i-  v). 

Tables  for  making  the  commonly  needed  percentages  by  the  dilution  from  the  official 
alcohols &re  given  in  the  U.S.P.  (page  522*  and  B.P.  (pages  JO3  and  530). 

Alcohol  Ofltttum  (Alcohol  Dd.).  U.S.P. — \  mixture  of  equal  volumes  of  official 
alcohol  and  water,  containing  41  to  42  per  cent,  by  weight  or  from  48.5  to  49.5  per  cent, 
by  volume  of  CiH*OH. 

*DisUlkd  Spirits. — These  include  whisky  iSpir.  Frumenti),  distilled  from  the  mash 
of  fermented  grain  and  aged  for  ut  least  two  years;  44  to  55  per  cent,  of  alcohol  by 
volume;  averagr  dose,  15  c.c,  4  3  -  Brandy  or  Cognac  {Spir.  Vim  GiUtki),  same  per  cent. 
Of  about  the  same  strength  are  the  other  spirits,  which  are  less  used  in  medicine.  Hol- 
land Gin,  distilled  over  juniper  berries;  Common  Gin,  often  containing  turpentine; 
Rum  from  molasses;  Arrack  from  rice.  etc. 

Mistura  Spirilua  Vint  Gallici. — Four  ounces  each  of  broody  and  dniuunon  water, 
two  yolks  of  eggs,  and  V^  ounce  of  sugar. 

WINES 
These  arc  made  by  fermenting  the  expressed  juice  (must)  of  the  grape.     If  this  con- 
tains the  skim  of  dark  grapes,  the  wine  will  be  red;  if  made  from  tight  grapes,  or  from 
the  juic-e  of  dark  grapes  without  skins,  it  is  "white,"  i.e..  an  amber  color. 

A  wine  which  contains  much  alcohol  (15  to  jo  per  cent.)  is  "generous";  one  poor  in 
alcohol,  "light";  one  containng  much  sugar,  "sweet":  poor  in  sugar,  "dry.  If  It 
contains  COs  it  is  sparkling";  if  tannin,  "rough'*  or  astringent";  if  acid  tartrates, 
"acidulous."  The  last  two  ingredients  may  interfere  with  indigestion  if  the  wine  is 
habitually  used. 

The  most  tm|K>rtant  wines  arc; 

Skerry  (Vinum  Xericum):  Dark  amber,  dry,  Httlc  acid- 
ity {\f(uleira,  Marsala,  Tokay,  \t^ga,  are  similar,  . 

but  more  sweet) 

Port  (Vinum  Portensc) :  Deep  purple,  rather  sweet  and . 

rough 

Claret  (Bordeaux):  Red,  dry,  with  some  degree  of  acid- 
ity and  astringency 

Champagne:  Pale  amber,  sweet,  sparkling 

fock  orui  MosclU:  Pale  amber,  dry,  slightly  add 

>a;  Amber,  dry,  rather  add  (or  sweet) 


Ale  ho  ho  I 
Per  Cent.     Per  Cent. 
Weight         Volume 

15  to  19     18  to  2J 


8  to  14 
8  to  10 

13 
10  to  13 


10  to  17 
10  to  13 

13  to  15 

tJnfcrmentcd  Grape  Juice  (i.e..  must,  preserved  by  heat  or  an  antiseptic)  can 

ly  be  considered  a  medidnal  agent. 
Other  Fennented  Liquors. — 
From  Apple;  Cider,    j 

From  Pear:  Perry.      ^  5  to  10  per  cent,  (by  weight). 
From  other  fruits,     J 
Mali  Liquors. — These  contain  alcohol,  Cd,  mgar,  and  usually  hops.     The  color 
varies  from  pale  amljcr  to  dark  brown,  the  difference  being  due  mainly  to  charring  of  the 
malt.     L^Rcr  beer  is  made  by  slow  fermentation  at  a  low  temperature;  porter,  sue,  and 
stout  by  rapid  fermentation  at  a  higher  heat. 
Their  alcoholic  strength  is  as  follows: 
Alt,  Porter,  Stout,  and  Export  Beer.  .  .  .3  to  6  per  cent.  \  .„  ™»j-v. 

K  Later  Beer 2  to  3  per  cent  j  ^^  wag". 
\y  fermenting  milk,  a  pleasant  alcoholic  liquid,  "Kumiss"  can  be  obtained,  which 
ains  to  3  per  cent,  of  alcohol. 
HIGHER  ALCOHOLS 
n  acute  intoxication,  the  toxicity  of  the  alcohols  increases  with  the  size  of  the  mole- 
cule, as  shown  in  the  following  table  (Baer): 

Boilmg-point    Relative  tOKJdty 
Methyl,  CH,OH  65.0  0.8 

Ethyl,  CxHiOH.  78  5  i-o 

Propyl,  CiH, OH.      .  980  a.o 

Butyl,  C»FI*OH .      107  o  3.0 

Amyl.  C»H„OH 131  o  4.0 
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This  (Richardstin's  law)  applies  also  to  the  individual  tissues:  sensory  and  motor 
nerves,  ciliated  epithelium,  muscle,  ova,  heart  (Kuno,  1913). 

It  is  uuite  conceivable  thai  the  late  actions  may  differ  more  markedly  from  those 
of  ethyl  alcohol;  as  they  do,/.i.,  in  the  case  of  methyl  alcohol. 

ISO-AMYL  ALCOHOL 

The  main  constituent  of  *' fusel-oil,"  is  more  violent  than  ethyl  alcohol  in  Us  acute 
and  subacute  actions  (Salant^  >90q)  and  the  after-eftects  are  more  pronounced;  but  iti 
admixture  up  to  i  per  cent,  produces  very  little  difference  in  acute  alcoholic  intoxica^ 
tion  (Bacr,  1898). 

METHYL  ALCOHOL 

General  Statement. — The  extensive  use  of  this  substance  (Wcx>d  Alco- 
hol, Columbian  Spirits)  in  the  arts  (as  a  combustible,  solvent  for  shellac, 
etc.)  and  as  an  adulterant  of  alcoholic  beverages  and  medicines  has  given 
rise  to  numerous  cases  of  poisoning.  The  acute  symptoms  resemblf 
ordinary  alcoholic  intoxication.  The  main  differences  are  in  the  stronger 
local  irritation  and  in  the  more  protracted  and  more  serious  after-effects, 
the  coma  lasting  several  days  and  often  terminating  in  death.  A  very 
important  feature  is  the  frequent  occurrence  of  incurable  blindness  from 
retrobulbar  neuritis  and  retinitis.  This  may  occur  after  taking  10  c.c, 
but  the  individual  susceptibility  varies  greatjy.  The  effects  are  pro- 
duced by  the  purest  samples,  and  are  therefore  due  chiefly  to  the  methyl 
alcohol  itself,  although  they  may  be  exaggerated  by  the  impurities  (ace- 
tone, etc.)  which  are  usually  present.  Methyl  alcohol  should  never  be 
applied  to  the  body,  externally  or  internally.  Its  presence  in  foods  and 
drugs  is  properly  prohibited  by  law.  Protection  against  theinbalationoi 
its  vapors  should  be  enforced  in  the  trades.  The  treatment  of  poisoning 
by  methyl  alcohol  includes  evacuation,  stimulants,  heat;  and  morphin 
to  allay  suffering. 

Etiology .^Thc  practical  seriousness  of  methyl  alcohol  poisoning  is  illustrated  by  tbf 
fact  that  Buller  aud  Wood  found  10  cases  of  blindness  and  uj  deaths  recorded  up  to 
1904,  although  the  existence  of  the  danger  had  only  been  recently  recognized.  A  WDol^ 
sale  poisoning  occurred  among  the  inmates  of  a  Berlin  municipal  lodgmg  house  (Stjdrl- 
munn  and  >lagnus  Levy,  iqij;  Review  of  series  of  pa(»ers.  Year  Book,  Am.  Plwnri' 
Assoc.,  191 2,  1:364-367;  Baskervillc,  1913,  has  abstracted  thf  cases  in  the  Uteraturri 
About  fli  million  gallons  are  produced  annually,  and  2  million  people  are  cngagtd  )R 
trades  where  it  is  employed  (Wilbert,  1915).  Adulterated  cologne  and  bay  rum,  etc.. 
have  often  proved  toxic  when  used  externaUy.  The  vapor  of  methyl  alcohol  fvaraisJil 
is  dangerous  if  ventilation  is  insufficient  (recent  Bibliography,  J.A.M..:\.,  iQi.*> 
60:1237).  The  inhalation  is  also  highly  toxic  to  animals,  the  effects  agreeing  ^it^* 
those  in  man  (T)'son  and  Schocnbcrg,  1914).  Considerable  absorption  occurs  whw 
the  air  contains  0.2  per  cent.  (A.  I-newy  and  Hctde,  19J4). 

General  Symptoms. — These  begin  with  gastro-intcstinal  disluritatue,  abdominal 
pain,  general  weakness,  nausea,  vomiting,  vertigo,  headache.  The  sj-mptoms  of  onli- 
nary  alcoholic  intoxication  super\'ene,  with  delirium,  restlessness,  unconsciousDcsf,  coi- 
lapse  and  coma.  The  pupils  are  usually  dilated  and  irresponsive;  nystagmus  may  ^ 
present.  Dyspnea  and  cyanosis  are  marked.  The  temperature  is  subnormal.  DtatJi^ 
very  much  more  frequent  than  with  ethyl  alcohol.  It  occurs  in  coma,  from  respiraluH' 
paralysis,  in  a  few  houni  to  three  days.  The/a/u/  dcsr  is  probably  from  100  to  250  cc 
The  postmortem  lesions  show  irritation  of  the  stomach,  duodenum,  k^idneys,  and  blid* 
dcr.     Continued  u^e  leads  to  fatty  degeneration  of  the  liver. 

Late  Symptoms. — Sometimes  the  symptoms  arc  deferred  for  several  days  and  lltfO 
prove  rapidly  fatal'  Delirium  may  set  in  after  the  acute  s>'mptoms  have  subsided 
Cystitis  IS  a  frequent  sequel.     The  most  important  sequel,  however,  is  the: 

Optic  Injury. — The  symptoms  are  bilateral  and  consist  in  scotoma,  dimness  or  toUl 
blindness;  the  pupils  arc  dilated  and  insensitive  to  light.  The  loss  of  \'ision  maysUrtia 
a  few  hours,  or  be  delayed  several  days;  it  generally  becomes  complete;  subftcqaentiT 
there  is  some  improvement,  which  in  most  cases,  however,  finally  relapses  into  lotw 
blindness  (Buller  and  Wood,  1904;  other  reports  summarized  by  Woods*  1913).    Tbe 
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anatomic  changes  consist  chiefly  in  hx-pcrcmia  and  edema  of  the  fundus  and  destructive 
indammation  of  the  optic  nerve  or  retinal  elements  or  both,  followed  by  their  atrophy 
(T>'5on  and  Schocnbcrg,  1Q14).  The  effective  dose  varies  greatly:  10  c.c.  has  ciiused 
blindness  in  some  cases  while  90  c.c.  has  failed  to  do  so  in  others.  Permanent  impair- 
ment of  \'i5ion  occurs  in  something  like  half  of  all  cases  of  poisoning  (for  other  toxic 
amblyopias,  see  "Nicotin").  The  pathologic  changes  in  rabbits  arc  described  by 
Kasava,  1913. 

The  cause  of  the  peculiarities  of  methyl  alcohol  poisonine  has  not  been  satisfac- 
torily explained.  In  'iHtmals,  the  acute  toxicity  of  methyl  alcohol  is  about  10  per  cent, 
less  than  that  of  ethyl  alcohol  (also  for  rotifers,  Whitney,  igi2),  but  the  subacute  toxic- 
ity is  markedly  greater.  The  symptoms  develon  more  slowly,  even  on  intravenous 
administration  and  arc  much  more  protracted;  Wnile  the  ethyl  alcohol  coma  lasts  only 
six  to  twenty-four  hours,  that  of  methyl  alcohol  lasts  three  to  four  days.  This  pro- 
tracted action  leads  to  cumulative  e0ects:  Pohl.  i'^03;  Reid  Hunt.  1002:  Langaard, 
iQi.^,  and  Sollmann,  1921,  found  that  the  daily  repetition  of  sublethal  doses  Is  more 
fatal  with  methyl  than  ^\'ith  ethyl  alcohol.  Birch  Ilirscbfcld  demonstrated  a  similar 
cumulative  action  on  monkeys.  "Tippling"  has  also  been  found  especially  dangerous 
in  man. 

Excretion  and  Fate. — The  protracted  and  cumulative  action  is  connected  with  the 
slow  excretion.  \oelLzand  Dietrich,  1 91  j,  found  after  3c.c.  per  kilogram  that  during  two 
days  about  -m  per  cent,  were  excreted  unchanged  by  the  lungs.  3  percent,  by  the  urine, 
jQ  per  cent,  had  been  burned,  and  37  per  cent,  were  still  in  the  tissues.  Nicloux  and 
Placet,  1913,  found  it  present  in  the  blood  and  brain  after  five  days.  The  brain,  how- 
ever. Is  not  an  important  storage  organ;  the  alcohol  being  more  soluble  in  water  than 
in  fats  (Pohl,  igig). 

The  concentration  in  the  blood  is  about  the  same  as  in  the  urine  (Chabanier  and 
IbarTa-Ix)ring,  iqi6). 

The  slow  destruction  would  explain  the  cumulation;  but  there  may  be  an  additional 
factor:  While  ethyl  alcohol  is  oxidized  completely  to  COj  and  H-O,  methyl  alcohol  is 
ciridized  mainly  to  formic  acid  (Pohl.  1893).  This  is  excreted  rapidly  by  the  urine, 
but  gives  rise  to  acidosis  (increased  ammonia  excretion,  Krol,  iqjj),  and  this  may  b* 
responsible  for  part  of  the  symptoms. 

V.  Fellenberg,  191 5,  claims  tnat  methyl  alcohol  is  readily  formed  from  the  pectin  of 
fruit  and  vegetables,  pectin  yielding  from  0  to  u  per  cent,  of  methyl  alconol.  He 
uaerts  that  this  is  not  harmful,  being  practically  completely  burned  in  the  body;  whereas 
if  the  methyl  is  mixed  with  ethyl  alcohol,  as  in  liquors,  the  combustion  is  incomplete, 
and  harm  results  from  relatively  small  doses.     Confirmation  should  be  awaited. 

Impurities. — ^The  best  commercial  wood  spirit  contains  about  95  per  cent,  of  methyl 
alcohol;  the  common  \-aricties  75  to  go  per  cent.;  some  samples  only  ,^5  to  40  i>cr  cent. 
The  impurities  consist  of  acetone,  methyl  acetate,  allyl  alconol.  aldehyd,  cmpyreumatic 
pwxiucts,  etc.  (Baskcr^alle,  igij).  It  has  been  suggested  that  these  are  responsible 
«H  the  peculiar  toxicity  (Mueller,  iqio;  Kobert,  igio).    However,  most  investigators 

f  found  no  essential  difference  between  the  ordinary  and  the  purest  obtamable 
Ics  (Hunt,  loo.^  Butter  and  Wood,  1904;  .\hrends,  iQio;  Sollmann,  1021};  nor  do 
of  the  impurities  produce  the  characteristic  effects  (Baskervillc,  1913). 
ACETONE  rDIMETHYL -KETONE  I 
kcetone,  U.S.P.,  CH3COCH:,,  is  used  as  a  solvent  for  fats,  resins,  rubber,  etc.; 
*^  for  the  preparation  of  oleorcsins.  It  is  a  rather  feeble  narcotic,  causing  con- 
"dcrable  dj-spnea  (Albertoni,  1S84).  Hypodermically  (guinea  pigs)  it  is  much  more 
todc  than  methyl  alcohol  (Rhamy.  igis).  It  is  excreted  mainly  by  the  lungs.  The 
jpoary  excretion  in  fasting  dq^  is  diminished  by  caffein  and  cocain  fCervcUo  and 
^  iti,iQr4). 

DENATURED  ALCOHOL 

Ufohol  for  industrial  uses  is  mixed  with  \'arious  nausenus  <;ubstinccs,  to  unfit  it  for 

imption.  and  thus  secure  exemption  from  the  internal  revenue  tax.     The  standard 

contain  H5  to  95  p>er  cent,  of  ^rain  alcohol,  3  to  10  per  cent,  of  wood  alcoliol. 

;r  cent,  of  benzine  or  of  p)Tidm  bases.     A  few  other  formulas  are  authorized 

technical  purposes, 

of  wood  alcohol  for  denaturing  industrial  alcohol  is  to  be  deprecated,  since 

exposure  to  \-apors  from  alcohol  containing  only  4  per  cent,  of  methyl  alcohol 

toxic  eye  svmptoms  (J.  M.  Robinson,  igiSj. 

►ning   by  denatured  alcohol   (containing   i    per  cent,  of   wood  alcohol)  has 

quite  commcn  in  Russia  since  the  prohibition  of  Rnun  alcohol      Visual  di»- 

occur,  generally  after  three  to  four  months,  or  with  brge  doses  (EleonskaU, 
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ETHER  AOT)  CHLOROFORM  GROUP 

General  Statement. — Ether,  chloroform  and  other  volatile  hydro 
carbons  are  employed  mainly  for  producing  surgical  anesthesia.  They 
depress  successively  the  psychic  centers,  then  probably  the  basal  ganglit 
and  cerebellum;  then  the  spinal  reflexes,  first  the  sensory,  and  then  the 
motor  functions  of  the  cord,  probably  from  below  upward;  and  finally  thft 
medullary  centers.  The  most  highly  evolved  functions  are  aflTected  first. 
Chloroform  also  has  a  direct  depressant  effect  on  the  cardiac  muscle  aiul 
is  generally  more  dangerous.     Locally,  they  act  as  irritants. 

Discovery  of  Surgical  Anesthesia. — The  use  of  narcotics  for  lessening 
the  pain  of  operations  dates  back  to  antiquity;  however,  the  discovery  erf 
the  means  to  achieve  complete  and  safe  anesthesia  is  an  accomplishment 
of  the  nineteenth  century  (1842  to  1847).  The  credit  for  this  discovery 
must  be  divided  between  several  investigators:  Humphrey  Davy  for  the 
definite  suggestion;  C.  W.  Long  for  the  independent  discovery  but  inade- 
quate publication  of  ether  anesthesia;  Horace  Wells  for  the  successful 
use  and  publication  of  nitrous  oxid;  Jackson  and  Morton  for  the  successlul 
public  demonstration  of  etherization;  Flourens  and  Simpson  for  the  intro- 
duction of  chloroform. 

The  Eg>'piiaa<*  probably  employed  narcotics.  The  Assyrians  are  ^id  to  have 
strangled  the  children  before  circumciBion,  producing  anesthesia  by  the  aid  of  CO:- 
This  method  was  revived  by  Valverdi  in  Italy  early  in  the  seventeenth  century.  Tbc 
Chinese  u&ed  hashish.  All  kinds  of  narcotics  were  given  during  the  middle  ages,  espe- 
cially opium  and  drugs  containing  hyoscin  (such  as  the  legendary  "mandrake,"  Mw 
dragora  officinalis).  The  recent  "Scopolamin-Morphin-Anesthesia"  is  an  intcrwtinj: 
reversion  to  this  ancient  method,  which  became  obsolete  when  the  vastly  superior  ifi 
lialation  anesthesia  was  discovered. 

Sir  Humphrey  Davy  in  179Q  announced  the  anesthetic  properties  of  nitrous  oii^ 
(laughing  gas)  end  suggested:  "As  nitrous  oxyd,  in  its  extensive  operation,  appa'^ 
capaoie  o^  destro>'tng  pnysical  pain,  it  may  probably  be  used  with' advantage  riurintE 
surgical  operations  in  which  no  great  effusion  of  blood  takes  place."  Unfortunaldy. 
the  suggestion  was  not  acted  upon  at  the  time. 

Dr.  Crawford  \V.  Ixing,  of  Jefferson,  Ga.,  administered  ether  as  a  surgical  ancslhctif 
in  1842,  but  neglected  the  adequate  publication  of  his  discovery. 

Dr.  Horace  Wells,  a  dentist  of  Hartford,  Conn.,  nntnes&ed  an  exhibition  of  "laugl>* 
ing  gas"  in  a  public  lecture  by  Colton  in  December,  1S44.  He  noticed  that  oneof  iJk 
subjects  was  insensible  to  pain;  acting  on  this  hint,  he  had  a  tooth  extracted  under  it* 
influence  on  the  next  day.  The  operation  was  a  complete  success.  He  introduced  thf 
gas  into  general  dental  practice  in  Hartford,  and  gave  the  matter  wide  publicity,  wijl'' 
out  reservation.  The  intoxicant  action  of  ether  being  well  known,  he  tried  this  wiu 
Dr.  Marcy  of  New  York,  early  in  1845.  but  thought  it  inferior  to  the  gas. 

There  can  be  no  question  that  \VcUs  discovered  anesthesia  indcpcndcotl>*,  »* 
that  he  introduced  it  successfully  into  practice;  and  he  seems  to  have  been  Uic  ^ 
to  realize  fully  the  importance  of  tlie  discovery.  Unfortunately,  an  attcmptrd  publ^ 
demonstration  in  Boston  in  Januar^^  1845,  failed  partly  and  was  met  with  riaicuk 
The  successful  demonstration  of  ether  by  Morton  threw  nitrous  oxid  completely  i" 
the  shndo  for  many  years.  Wells  was  greatly  disappointed,  became  insane  and  cM- 
mitted  suicide  (Truman  Smith,  1S5H,  "An  Rxaminationof  the  Question  of  .\ncsthcai»''' 
TTie  use  of  the  gas  was  revived  about  i86j  by  Colton  (whose  demonstration  '-' 
started  Wells),  and  by  1868  it  was  extensively  used  in  dcntistr\\  It  has  sincv  !■ 
reintroduced  into  major  surgery,  and  has  thus  vindicated  the  claims  of  Wells. 

Chas.  T.  Jackson,  a  chemist  of  Boston,  etherized  himselt  into  unconsciousness  J 
the  winter  of  1S41  to  1842'  and  thereby  conceived  the  idea  of  ether-anesthesia.  HeW 
not  apply  it  further,  but  <uscusscd  it  with  various  persons,  among  other?  with  Mortott 

Wm.  T.  G.  Morton,  a  dentist  of  Boston,  was  a  former  friend  of  Wells  and  J*ck»Ot 
from  both  of  whom  he  seems  to  have  received  his  inspiration.  After  the  discovery  « 
Wells,  he  is  said  to  have  consulted  Jackson  about  the  manufacture  of  nitrous  oxid,U^ 
that  Jackson  suggested  ether  as  more  convenient.  Morton  seems  to  hax-e  starttd 
successful  experiments  witJi  ether-anesthesia  in  September,  1846.     In  October.  i&4^ 
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be  gave  a  perfect  demonstration  at  an  operation  by  Dr.  J.  C.  Warren,  at  Alaasachuactis 
General  Hospital.  The  complete  success  of  this  operation  achieved  the  introduction 
of  anesthesia  into  surgery.  Morton  obtained  a  patent  in  November,  1846.  This  step, 
and  the  methods  which  he  was  said  to  have  employed  to  obtA-iin  it,  rai<ied  much  opposi- 
tion. His  life  was  embittered  by  the  controversies,  and  he  died  of  apoplexy.  Jackson, 
the  third  party  to  the  unfortunate  contention  for  priority,  also  became  insane. 

The  use  of  anesthetics  spread  rapidly,  and  related  sul^tancea  were  tried:  Chloroform 
was  used  on  animals  by  Flourens  in  1S47,  and  in  the  same  year,  on  the  independent 
suggestion  of  McWaldic  by  Simpson  of  Edinburgh,  on  man.  Flourens  in  the  same  year 
also  cailed  attention  to  cthvl  chlorid.  It  was  used  surgically  by  Heyfclder  in  the  next 
>-car,  but  then  neglected  LiU  1895. 

The  ^t  fundamental  sdeatific  work  on  the  action  of  anesthetics  was  published  by 
Snow,  1858. 

Ether  was  discovered  by  Valerius  Cordus,  1540;  chloroform  independently  by  Liebig, 
Soubciran  and  Guthrie,  1831. 

Stages  of  Anesthesia. — The  main  actions  of  alcohol,  ether,  chloroform, 
chloral,  and  the  numerous  other  hydrocarbon  or  lipolytic  narcotics  are 
qualitatively  similar;  but  they  show  practically  important  differences  in 
severity,  rapidity,  duration  and  sequels.  The  successive  eflfects  may 
be  divided  into  *' stages."  Hewitt,/./.,  classifies  these  as  (i)  analgesia; 
(2)  light  anesthesia;  (3)  deep  anesthesia;  (4)  bulbar  paralysis.  Since  the 
effects  pass  without  abrupt  transition  from  one  stage  to  the  other,  any 
rlassifica.tion  is  arbitrary.  In  the  following,  they  will  be  divided  merely 
into  the  pre-anesthetic^  anesthetic  and  paralytic  stages.  In  surgical  prac- 
tice, the  normal  course  of  anesthesia  b  generaJly  '*  complicated  "  by  asphyx- 
ial  phenomena,  traumatic  refle,xcs,  hemorrhage,  etc.  ^ 

Pre-anesthetic  Stage. — This  sets  in  with  a  comf or  table /«!/*«^  of  warmth, 

spreading  over  tlie  whole  body;  but  soon  associated  with  a  distressing 

sensation  of  suffocation,  especially  if  ether  is  used  and  the  access  of  air  is 

limited,  as  in  the  ''closed"  methods.     The  local  effects  make  themselves 

fdt  by  prickling  and  smarting  of  the  nose,  throat  and  conjimctiva,  with 

hj'pcrsccrction  of  mucus,  tears  and  saliva.     The  suffocation,  as  well  as  the 

direct  effects  of  the  anesthetics,  result  in  more  or  less  excitement  atui 

i^Tu^ling,  and  sometimes  convulsions,  especially  in  hysterical  patients. 

The  reflexes  are  at  first  rather  exaggerated,  later  somewhat  depressed  and 

Itss  puq>osive.     Tonic  muscular  spasnty  general,  or  of  the  jaws,  glottis  or 

I  lopiralion  may  occur.     The  sensation  becomes  disturbed:  the  sensibility 

is  impaired  after  the  first  few  inhalations.     Stimulation  evokes  responses, 

l>ui  without  pain.     This  "primary  analgesia,'*  while  the  patient  is  still 

^■pscious,  may  be  used  for  short  operations,  especially  under  chloroform 

^pd  nitrous  oxid. 

The  thoughts  become  confused,  with  hallucinations  (noises,  etc.), 
*^nsation  of  stiffness,  and  want  of  muscular  control.  The  patient  loses 
s«lf-control  and  indulges  in  loud  incoherent  talking,  laughmg,  singing, 

K;  passing  gradually  into  unintelligent  muttering.  These  initial  ex- 
ment  symptoms  vary  greatly  in  duration  and  intensity  in  different 
ienis.  Alcoholics  may  exhibit  violent  delirium  and  even  mania. 
siting  (probably  central),  retching,  and  coughing  may  occur.  The  face 
UFihed;  the  pupils  at  first  dilated,  then  gradually  constricted;  the  pulse 
rapid;  the  blood  pressure  increased;  the  respiration  somewhat  quickened 
and  at  times  irregular,  sometimes  suspended  if  the  vapor  is  too  strong. 
The  Aficstheiic  Stage. — This  is  the  stage  which  it  is  aimed  to  produce 
maintain.  It  is  characterized  by  complete  paralysis  of  the  brain  and 
le  motor  reflex  centers  of  the  cord,  and  usually  some  depression  of  the 
centers.    Consciousness,  sensation,  and  most  reflexes  are  lost — 
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ihe  corneal  reJUx  being  among  the  last.     Consequently  the  muscles 
lax.    The  smooth  muscles  are  not  usually  aflFected,  but  there  is  sometim 
a  relaxation  of  the  sphincters.     The  pulse  is  full  and  soft,  the  rale  rathi 
slow  with  chloroform,  slightly  faster  than  normal  with  ether;  the  bio 
pressure  being  lowered  by  chloroform,  normal  or  rather  raised  by  eth 
The  respiration  is  regular  and  deep,  often  softly  snoring  or  stertorou 
rather  rapid  with  ether.     The  temperature  falls  in  conseciuence  of  the  let*l 
ened  muscular  activity  and  increased  heat  loss.     The  pupils  are  somewhat 
small  and  respond  sluggishly  to  light.    The  Jace  is  pale  with  chloroform, 
often  cyanotic  with  ether. 

The  medullary  depression  does  not  reach  a  dangerous  degree  if 
administration  is  carefully  done.  But  with  prolonged  anesthesia  the  pu 
tends  to  become  progressively  weaker,  the  respiration  more  shallow,  and 
the  temperature  lower — it  may  fall  as  much  as  $°C.  This  is  due  to  paral- 
ysis of  the  function  of  temperature-regulation. 

The  paralytic  sta^e  is  characterized  by  progressive  p>aralysis  of  the 
medulla.    This  stage  must  be  carefully  guarded  against. 

All  reflexes  disappear.  The  respiration  becomes  shallow,  irregular. 
labored,  and  then  ceases.  The  skin  is  cold  and  pale,  and  covered  with  the 
clammy  sweat  of  the  "agony.'*  The  pupils  are  widely  dilated.  The 
pulse  becomes  slow  and  weak,  and  ceases  normally  after  the  respiration. 

Recovery  of  Patient  from  Normal  Anesthesia. — The  rapidity  of  the 
recovery  is  inverse  to  the  duration  of  the  administration.  The  first 
change  after  the  withdrawal  is  usually  in  the  respiration,  which  becomci 
quieter  and  less  stertorous.  Then  the  lid  reflex  and  deglutition  mo^f- 
menls  reappear.  The  pupils  generally  grow  smaller,  but  dilate  easily. 
The  breathing  is  disturbed  by  swallowing,  coughing,  retching  and  ^i\\d 
vomiting,  usually  just  before  consciousness  returns.  This  is  common!) 
succeeded  by  sleep,  lasting  several  hours.  Thirst  and  gastritis  persbt  for 
some  time. 

Individual  Functions. — The  proper  administration  of  anesthetics  r^ 
quires  a  detailed  knowledge  of  their  effects  on  the  important  individuil 
functions  in  the  successive  stages. 

Respiration.^ — This  is  influenced,  not  only  by  the  direct  action  of  tht 
anesthetic,  but  also  by  the  patency  of  the  respiratory  channels;  by  local 
and  distant  reflexes;  the  state  of  the  circulation,  etc.  In  the  early  stagtt, 
If  local  irritation  is  avoided,  the  respiration  is  generally  somewhat  deeper 
and  quicker  from  stimulation  of  the  respiratory  center.  Most  commonlv 
it  is  apt  to  be  irregular,  especially  if  the  administration  is  started  abnipily 
on  account  of  the  struggling,  choking  sensation  and  local  irritation.  Thf 
latter  may  produce  temporary  expiratorv'  stoppage  by  a  trigeminal  reflci 
(Kratschmer,  1870);  but  in  man,  this  reflex  is  not  usually  so  strong*^ 
lasting.  The  "choking"  is  especial!}-  pronounced  with  ether.  Rcl^« 
closiu-e  of  the  larynx  may  produce  asphyxia  under  chloroform  (BemanJJ- 
With  chloroform  also  spasmodic  arrest  of  respiration  may  somctinK* 
occur,  especially  in  vigorous  subjects,  and  is  probably  a  common  caused 
the  early  deaths.     This  is  less  likely  to  occur  if  dilute  x'ajwrs  are  employe*!- 

As  the  patient  passes  into  anesthesia,  the  breathing  becomes  regulit 
and  noisy;  with  ether,  the  depth  and  rate  may  at  first  he  increased;  with 
chloroform  they  are  decreased,  partly  by  the  low  blood  pressure.  The 
respiration  is  mainly  diaphragmatic.  The  snoring  and  the  louder  **ster!or" 
are  generally  produced  by  the  vibration  of  the  tongue  against  the  phar)!*- 
geal  wall.     ''Stridor"  is  laryngeal,  due  to  paralysis  or  spasm  of  the  vocal 
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cords  Or  obstruction  of  the  glottis  by  mucus.  As  anesthesia  deepens, 
increase  of  concentration  usually  makes  the  respiration  temporarily 
deeper,  quicker  and  more  stertorous,  and  vice  versa.  Che>-ne-Stokes  res- 
piration is  not  uncommon  with  chloroform,  but  exceptional  with  ether, 
because  the  CO5  tension  is  high. 

Reflex  Respiratory  Changes. — These  occur  even  during  full  anesthe- 
sia but  are  most  marked  if  the  anesthesia  is  light.  The  respiration  is 
usually  stimulated  by  the  operative  procedures,  and  these  may  pro- 
voke coughing,  deglutition,  retching,  slertor,  or  spasmodic  inspiratory 
or  expiratory  arrest.  Operations  during  partial  anesthesia  are  therefore 
dangerous. 

LarTngeai  Reflex. — When  a.  iresh  portion  of  ether  is  poured  upon  the  coac,  the 
irritation  of  ihc  more  concentrated  vapor  causes  the  patient,  so  long  as  he  is  partly 
conscious,  to  hold  the  breath  momentanly.  The  disappearance  of  this  reflex  is  a  valu- 
feble  index  of  surgical  anesthesia  (Griggs). 

With  the  approach  of  the  paralytic  stage,  the  respiration  becomes  more 
stertorous  (softly  snoring  with  chloroform),  irregular,  dyspneic,  and  stops; 
paralysis  of  the  respiratory  center  being  the  usual  mode  of  death  in 
deep  anesthesia.  Chloroform  has  a  more  ]>ronounced  paralytic  action 
than  ether;  the  paralysis  may  aJso  be  due  to  very  low  blood  pressure. 

Reflrx  Inhibition  of  Respiration. — Deep  eiherizaiion  depresses  or  abol- 
ishes all  augmentary  reflexes,  but  intensifies  those  that  produce  inhibition. 
For  instance  stimulation  of  the  different  vagus  or  superior  laryngeal 
fibers  causes  only  short  arrest  of  the  respiration  in  normal  animals.  As 
etherization  deepens,  the  arrest  becomes  longer.  With  deep  anesthesia, 
not  much  beyond  the  surgical  limit,  the  arrest  is  so  long  that  the  resulting 
asphyxia  kills  the  heart  (F.  C.  Mann,  rgiS). 

Factors  in  the  Respiratory  Effects. — The  understanding  of  the  several  factors  con- 
ccmnl  in  the  re^pirator>'  effects  is  essential  to  the  intelligent  conduct  of  anesthesia. 
Tbc  factors  are  classil'icd  by  Y.  Henderson  and  Scarbrough,  igio,  as  follows: 

I.  The  Threshold  of  Exi^ilabUUyfor  Carbon  Diox'ui. — This  is  eicvaled  (i.e.,  the  exdta- 
fcality  is  depressed)  by  morphin,  chloroform,  and  deep  etherization.  It  is  Icvffted  by 
ligkt  etherization;  by  the  acidosis  of  deticient  o?c>*genation;  and  by  (ear. 

3.  The  Carbon  Dioxid  Content  of  Ihr  Blood. — This  acts  as  a  stimulant  to  respiration. 
It  vxries  inversely  as  the  respiratory  ventilation. 

.1.  The  Threshold  of  ExcUabiiUy  for  Affrrenl  Impulses. — This  is  raised  (i.e..  respiration 
li depressed)  by  deficiency'  of  carbon  dioxid  (acapnia);  and  by  morphin.  chloroform, 
m&cther.     It  is  loucred  by  fear. 

^^K  The  ifiimsity  of  afffrrnl  impulses,  especially  pain  and  psychic  impressions. 
^H.  Inhihilory  cerehral  impulses,  such  as  the  fortitude  of  tnc  patient. 

The  several  anesthetics  act  differently  on  these  factors:  Morphin  raises  ihc  threshold 
tat  carbon  dioxid;  it  has  less  effect  on  the  threshold  for  afferent  impulses.     It  quiets 
lent. 

^ofarm  raises  the  threshold  more  for  afferent  impulses  than  for  carbon  dioxid. 
may  lower  the  carbon  dioxid  threshold,  whilst  the  afferent  threshold  may  be 
liencc,  ether  tends  to  increase  re«^piratioQ  (Fonte>'nc,  10061.  so  much  so 
it  may  cause  fatal  atapnia  (Henderson).  Most  ether  fatalities  occur  in  the 
!tic stage,  the  respiration  almost  alway?^  failing  before  the  heart  (Cunningham 
ion.  loStl.  This  tendency  may  be  neutralized  by  morphin.  The  respiratory 
"Cttemeiit  during  the  early  stages  of  anesthesia  has  a  similar  tendency;  It  lowers  the 
\  grtion  dioxid  content  of  the  blood  and  thus  tends  to  subsequent  failure  of  respiration. 
■U  sunpcal  anesthesia  obviates  the  development  of  acapnia  by  preventing  pain- 
^Kpoea. 

^^■rnnlTrlj  deep  anesthesia  paralyzes  respiration  by  raising  the  threshold  of  the 
tintory  center,  and  I'v  diminishing  the  production  of  COj.     The  paralysis  is  essen- 
central.  although  a  curare  action  on  the  phrenic  nerves  may  play  a  minor  part 
19  and  Mcltxer,  1914). 
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Anesthesia  before  pain  prevents  acapnia  by  lessening  the  afferent  byperpneic  im- 
pulses. The  induction  of  anesthesia  after  pain  is  more  dangerous,  because  the  lowered 
excitability  during  hypcrpne.i  is  apt  tn  IcAd  to  acapnia  {Hrnderson,  1910).  Theacapniii 
also  damages  the  heart,  so  that  it  succumbs  more  easily  to  chloroform  (Cathcart 
Clark,  igi.^). 

Stoppage  of  Respiration  is  Therefore  Most  Apt  to  Ouur  With  V 
Anesthesia  (Henderson,  191 1). 

Irritation  of  Respiratory  Passages. — Both  anesthetics,  but  especi 
ether,  produce  irritation,  with  reflex  phenomena,  increased  flow  of  sali 
and  mucus,  and  sometimes  inflammatory  after-effects.  The  h 
secretion  is  especially  marked  with  ether;  chloroform  produces  only  a  slig! 
increase  during  induction,  and  practical  arrest  during  full  anesthes 
Emphysema,  bronchitis  and  advanced  tuberculosis  are  therefore  special' 
contraindications  to  ether.  The  increased  flow  of  saliva  and  the  anes* 
thesia  of  the  larynx  are  apt  to  lead  to  aspiration  pneumonia  (Hoelschcr, 
1898).  Pneumonia  may  also  be  due  to  direct  irritation;  it  is  not  known 
which  has  the  larger  share.  It  is  much  more  common  with  ether  than  with 
the  other  anesthetics.  It  has  been  attributed  to  impurities,  especially  pcr- 
oxids  (Bruns,  1895;  Smith,  1913).  Excessive  mucous  secretion  may  also 
produce  acute  suffocation  by  *'  inundation."  The  tongue  during  anesthesia 
is  apt  to  fall  against  and  close  the  glottis.  These  accidents  are  largely 
obviated  by  proper  position  of  the  head. 

Coughingy  retching  aftd  vomiting  someLimes  occur  immediately  after 
starting  the  administration;  or  later,  during  imperfect  full  anesthesia, 
especially  with  ether,  being  partly  due  to  the  swallowing  of  mucus. 
Their  occurrence  indicates  that  the  anesthesia  should  be  deepened-  The 
approach  of  vomiting  is  heralded  by  swallowing  movements.  If  it  can  not 
be  averted,  the  head  should  be  turned  to  the  side  and  the  opposite  shoulder 
raised. 

X-ray  examinations  on  dogs  reveals  marked  diminution  of  gastric  tone  under  chloto- 
form  or  ellier  (Baron  and  Barsony,  3gi4>. 

Bronchial  Muscle.— Excised  tracheal  muscle  is  relaxed  by  ether,  constricted  by  dlo- 
roform,  in  vapor-concentrations  such  as  occur  in  anesthesia  (Trendelenburg,  191 1}-  ^ 
intact  animals,  however,  chloroform  produces  sliffbt  dilation  (Dixon  and  Brodic).  I> 
excised  lung  (guinea  pig),  tcmiwrary  dilation  is  produced  by  ether,  chloroform  ^^ 
urelhanc  (Baehr  and  Pick.  1913). 

Blood-gases  in  Chloroform  Anesthesia. — TTic  gas  exchange  is  decreased;  in  tl« 
excitement  stage  by  hypcrpncic  acapnia  and  mechanical  obstruction;  in  the  anesthetic 
siage  by  depression  of  the  center  (V.  Henderson;  Buckmastcr  and  Gardner,  iqh). 
The  production  of  COt  during  anesthesia  is  only  one-half  to  two-thirds  of  the  numut 
The  COa  content  of  the  blood  was  increased  from  25  to  36  per  cent.,  the  oryren  contcM 
reduced  from  13.6  to  8.1  per  cent.  (Gardner  and  Buclunaster,  iqio).  The  blood  ti 
therefore  darkened.  Chloroform  seems  to  diminish  the  oxygen  capacity  of  iki  ftW; 
for  the  diminution  of  oxygen  occurs  even  with  artificial  respiration.  GangitafkO  dabns 
that  this  lasts  for  twenty-five  days. 

The  ffas- metabolism  of  the  hrdin  is  depressed  by  60  to  90  per  cent.,  proportionals 
the  depth  of  the  narcosis.  With  ether,  tnc  CO3  falls  less  than  the  oxygen;  the  revtr* 
b  true  of  morphin  (Alexander  and  Ccrna,  igij).  In  nerve  fibtrs,  direct  exposure  to 
tow  (stimulant)  concentrations  increase  COi  production,  while  anesthetic  conceoto^ 
tions  depress  it  [Tashiro  and  Adams,  1914). 

Ether  on  CirculatioiL — In  the  early  stages,  the  pulse  rate  and  blood 
pressure  arc  increased  by  the  reflexes,  excitement  and  incipient  aspb\iia- 
During  anesthesia^  the  effects  are  similar  to  those  of  alcohol,  stimulant 
rather  than  depressant:  the  cutaneous  and  cerebral  vessels  are  dilated 
(also  with  chloroform,  Berezin,  1916),  the  intestinal  constricted  (Derouaux, 
1909),  the  pulse  rate  is  increased  to  80  to  no,  and  the  blood  pressure 
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(pxg.  26A)  is  practicaUy  unchanged,  or  somewhat  above  normal  in  man 
(^lauel,  1901).  The  face  is  reddened.  The  pressure  in  the  pulmonary 
ajt-^ry  rises  even  if  the  carotid  pressure  remains  unchanged  (Wood,  1911). 
Xtiere  is  generally  some  venous  congestion,  especially  with  the  "dosed" 
methods  (asphyxia).  The  threshold  to  vagus  stimulation  is  raised  (Jack- 
sock  and  Ewing,  1914)- 

Thcsc  indifferent  or  favorable  actions  on  the  circulation  persist  through 
the  stage  of  surgical  anesthesia,  even  if  this  is  prolonged  for  hours.     (How- 
ever, Muns^  1916,  claims  that  after  about  an  hour  of  continued  ether 
anesthesia,  there  is  seen  a  marked  and  progressive  arterial  dilation  of 
central  origin.)     In  the  paralytic  stage,  the  vasomotor  center  is  gradually 
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Pk.  3b. — Ancathctics  on  circulation.  A.  Ether  on  blood  pressure  (do8)<  The  animal  is  very 
u|bUy  anesthetiscd  at  the  beginning  of  the  tracing.  The  ether  is  pushed  at  (a).  There  is  prac- 
tically 00  effect  on  the  blood  pressure,  even  after  ten  minutes  ib).  B.  Chloroform  on  biood  pressurt 
Wog).  The  inhalation  U  begun  at  (a)  and  pushed.  The  pressure  (alls,  without  any  material 
wsoge  in  the  heart  (central  vasomotor  ttepression).  The  anesthetic  ts  withdrawn  at  (6).  The 
wpiritioo  is  very  shallow.  Artificial  respiration  is  started  at  U)  and  stopped  at  (rf).  The  original 
Pnanire  is  gradually  recovered.  C.  Eihyt  rhiorid  on  blood  pressure  (dog).  The  inhalation  is  con- 
tmunl  from  (o)  tu  (b).      The  clTccts  are  very  similar  tu  those  of  chloroform. 

depressed:  the  pressure  falls  very  slowly^  the  face  becomes  pjale,  while  the 
heart  remains  practically  perfect  even  when  the  respiration  ceases.  U 
can  therefore  usually  be  revived  effectively  by  prompt  artificial  respiration. 
Fatty  feeble  hearts,  however,  may  be  affected  more  severely. 

The  vascular  effects  are  central;  the  cardiac  changes  are  mainly  the 
indirect  results  of  the  vascular  disturbance;  the  hcarl-musclc  (Bock)  and 
the  vagus  excitability  remaining  unchanged.  Concentrations  of  ether 
which  injure  the  heart  directly  can  be  reached  only  in  perfusions. 

Toxi<  Circulatory  Rffc^is  and  Concentration  in  Biood. — These  have  been  investigated 
on  cats  by  Schram  et  al..  1916.  With  normal  cats,  concentrations  of  0.13  to  0.14  per 
cent,  of  ether  in  the  blood  lower  the  blood  pressure  considerably  by  action  on  the  vaso- 
motor and  vagus  centers;  but  the  hcart-muscle  is  not  affected  b^  this  concentration. 
£ven  with  the  fatal  concentration  (0.17  per  cent.),  the  heart  is  scarcely  damaged, 
tt/thottgh  the  circulation  is  depressed  before  death. 

If  artificial  respiration  is  performed,  cardiac  arrest  occurs  with  0.25  per  cent  of  ether 
io  tilc  blood.     This  also  is  not  essentially  due  to  direct  injury  of  the  heart  muscle;  for 
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by  dividing  the  vagi,  the  minimal  fatal  concentration  becomes  0.31  per  cent.    If  low 

blood  pressure  is  excluded  (by  the  Starling  arrangement),  it  becomes  0.44  per  cent, 
if  the  nutrition  of  the  hejirt  is  maintained  (by  LangcndorlT  perfusion),  the  concentiat 
rises  to  0.553  P*^"*  cent,  before  the  heart  is  arrested. 

Asphyxial  Effects  on  the  Circulation. — Slight  mechanical  tnterferenc 
with  the  respiration  rather  improves  the  respiratory  movements  and 
circulation  by  stimulating  the  medullary  centers.     Severer  grades  produce] 
venous  congestion,  extensive  bleeding  from  severed  vessels,  etc.    Profound! 
asphyxia  leads  to  extreme  cardiac  dilation  by  paralysis  of  the  vasomotor 
center  and  heart. 

In  light  ether  anesthesia,  1 2  to  16  per  cent,  of  COi  in  the  air  raises  the  b1<K>d  f>ressurt. 
but  slows  and  we-akens  the  heart.  These  actions  are  much  less  pronounced  in  d«p 
anesthesia  (Cathcart  and  Clark,  1913)-  The  secretion  of  cfrebro-sptnat  fluid  is  iocrtued 
by  tlie  anesthetics  and  COj  (Di.xon  and  Halliburton,  igi.i). 

Vasomotor  Center. — Anesthetic  doses  of  ether  produce  no  direct  effect,  or  nioderalr 
stimulation.  The  stimulation  is  probably  largely  asphyxial,  from  rcspintory  depres- 
sion (Pilcherand  SoUmann.  1Q15). 

Anesthetics  in  *'Stujck." — In  partial  shock,  ether  depresses  the  circulation  moic 
profoundly;  for  instance,  etherization  to  disappearance  of  tne  conjunctival  reflex  lowcfrf 
the  blood  pressure  of  a  "shocked"  animal  from  65  to  .50  mm.  The  use  of  nitrous-oxid 
ox>'gcn  mixture  (3  :  i)  docs  not  produce  this  depression.  In  any  case,  deep  ancstbcsit, 
and  rebreathing  methods,  should  be  avoided  in  shock  (Cannon^  i9i9)< 

Effects  of  Chloroform  on  the  Circulation. — These  are  much  morf 
serious  than  those  of  ether.  Even  in  smooth  anesthesia,  the  pressure  falls 
markedly  (Fig.  26B)  by  central  vasomotor  depression.  Slight  faults, 
especially  early  in  the  administration,  may  produce  sudden  permanent 
arrest  of  the  heart.  "A.C.E.  Mixture"  and  Ethyl  Chlorid  (Fig.  itQ 
act  similarly. 

In  normal  chloroform  anesthesia^  with  carefully  graduated  admioi^- 
tration,  the  pulse  and  blood  pressure  in  the  pre-aneslhetic  stage  are  some- 
what irregular,  but  generally  increased  and  tJie  fare  flushed,  similarly 
to  ether.     As  anesthesia  is  reached,  or  shortly  after,  the  blood  pressuft 
declines  progressively  (Lenz,  185.3;  English  Chloroform  Commission;  Blaufl 
in  man);  in  an  hour  it  may  have  fallen  to  one-half,  in    two  and  one-bilf 
hours  to  one-third  the  normal  level  (Rosenfeld,  1896).     This  fall  of  prfrl 
sure  is  primarily  due  to  depression  of  the  vasomotor  center:  The  v* 
are  dilated,  but  constrict  on  stimulation  of  their  nerves  (Scheinesson, 
1869).    The  depression  of  the  center  can  be  shown  directly  by  the  perfu- 
sion method  (Soilmann  and  Pilcher,  1911).     The  dilation  involves  mainly 
the  splanchnic  area  (oncometer,  Embley,  1902;   increase   of  blood  Qo^A 
Pick,  1S99).     The  skin  becomes  pale  and  cold.     The  cerebral  vessels  con*] 
strict,  the  pulse  is  soft  and  slow  but  regular,  the  heart  beating  efficicnrlj 
when  the  vasomotor  paralysis  is  complete  (no  response  to  asphyxia.  Knoll, 
1878).     The  respiration  also  remains  regular  and  efficient.     The  v&yo-l 
motor  depression  is  not  necessarily  harmftd  to  the  patient^  unless  it  bcj 
excessive  or  prolonged. 

With  prolonged  anesthesia,  or  with  the  approach  of  the  paralytic  sta^i 
the  heart  is  injured  more  or  less  by  the  direct  action  of  the  chloroform,  asj 
well  as  by  the  low  blood  pressure  and  asphyxia.  It  is  also  very  probabt< 
that  degenerated  heart-muscle  is  more  subject  to  these  injuries.  Ordi-l 
narily.  however,  the  x'asomotor  paralysis  dominates  the  circulatorV, 
phenomena  until  death,  the  heart  beating  after  the  respiration  has  slop| 
(Hyderabad  Commission,  18S9  and  1890),  although  it  may  noi  be  abll 
to  maintain  a  circulation. 
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'ith  faulty  administration  the  events  are  quite  different.  Excessive 
wncentration  of  the  chloroform  vapor,  particularly  when  the  anesthesia 
5  incomplete,  stops  the  circulation  before  the  respiration  (Fig,  27).  This 
B  the  usual  mode  of  chloroform  death  (Lancet  Commission,  1893). 

If  the  heart  is  esposed,  it  may  be  contracling  feebly,  even  after  the  respiration 
IMS  Stopped,  so  that  literally  the  respiration  stops  first;  but  these  feeble  beats  can 
V)t  propel  the  blood,  so  that,  in  fact,  the  circulation  usually  fails  before  the  respiration, 


..—Accident*  of  anesthesia;  A.  ReSoc  stpppage  of  heart;  blood  prr»ure.  dog.     Ethyl 
IS  inhaled  at   (,a).     The  heart  and  respiration  stop  promptly   (triKenunuft-v&gu*  reflex), 
'roume  tpuntaneously  after  two  mtnuttfl.     B,   Direct  paralysis  of  the  heart,  preceded  by 
nse.     Ethyl  chlorid  inhalation,  blood  pressure,  dog. 


The  cardiac  arrest  may  be  due,  in  individual  cases,  to  direct  or  reflex 

Ks  stimulation,  to  asphyxia,  or  to  direct  paralysis  of  the  cardiac  muscle; 
Derally  perhaps  to  a  combination  of  these  factors.  Reflex  circulatory 
rbances  arc  most  dangerous  in  incomplete  anesthesia  where  the  re- 
fici  response  is  active;  and  in  very  deep  anesthesia,  when  the  low  blood 
pressure  may  make  even  slight  reflex  changes  fatal. 

W^^^mtal-rejifx  Syncope. — Desoubry  and  Magne,  1914,  confirmed  that  brusque 
^^^^■D  iniialation  produces  complete  arrest  uf  heart  and  rei>piration  in  dugs  and 
^WH^Howcvcr,  if  aosoiption  of  the  chloroform  is  prevented,  the  arrest  H  temporary', 
*'id  followed  by  rise  of  blood  pressure  from  splanchnic  constriction.  In  the  usual 
^^  result  therefore  the  to.\ic  action  of  the  absorbed  chloroform  plays  an  important 
^^  in  preventing  recovery  from  the  reflex  arrest. 

VasotHotor  Center.— The  preliminarj'  stimulation  is  partly  due  to  a  direct  action  of 
f^  chlornform,  for  it  occurs  when  this  is  confined  to  the  cerebral  circulation  (by  per- 
J'ling  ihis  from  the  vessels  of  a  second,  chloroformed  animal;  (iaskell  and  Short;, 1893). 
Impart,  the  rise  of  pressure  is  also  reflex  and  asphyxial.  The  vasomotor  center  becomes 
;d  quite  early; /.i.,  the  normal  vascular  compensation  against  the  head-down 
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position  is  destroyed  (L.  ffiU»  1897).     It  does  not  become  completely  paratj'xed 
much  later  (Gaskell  and  Shore;  Kmblev  and  Martin). 

In  their  perfusion  experiments,  pflcher  and  Sollmann,   1915,  confirmed  that 
vasomotor  center  is  depressed  directly  during  chloroform  anesthesia.     Indirect  stim 
lation  may,  however,  occur  when  asphyxia  is  induced  by  respirator>'  depression,  or 
the  center  becomes  suddenly  anemic  by  rapid  fall  of  blood  pressure  or  cardiac  ar 
Under  such  conditions,  the  center  may  be  violently  stimulated,  with  or  without  pi 
ceding  depression. 

Chloroform  abolishes  the  effect  of  pressor  rrfexes  at  higher  levels  of  blood  pi 
than  normal  (Pilcher  and  ^tlmann). 

In  an  intermediate  stage  of  chloroform  anesthesia,  stimulation  of  the  vasomou>r 
center  lowers  bli>od  pressure,  since  chloroform  disturbs  the  reciprocity  of  antagonistic 
ner\'cs  so  that  afferent  stimuli  produce  only  inhibitory-  effects;  chloroform  causing 
inverse  effects  to  strychnin.  The  chloroform  vasodilation  may  therefore  be  due 
the  reversal  cf  the  normal  pressor  impulses  of  the  center,  .\sphyxia,  however,  idtt 
causes  vasoconstriction  (Bayliss,  looSj.  When  the  vasomotor  paralysis  is  coraplcie* 
asphyxia  does  not  raise  the  pressure. 

The  typical  fall  of  blood  pressure  occurs  with  all  methods  of  administrarion. 
Direct  Aciivn  on  Vessels. — Perfusion  of  excised  organs  with  chloroform  solution; 
produces  a  constrictor  effect  in  some  organs,  a  dilator  effect  in  others,  cspedallv  ihr 
kidneys  (Schaefer  and  Scharlieb,  1Q04;  Kmbley  and  Martin.  1905;  Fiiehneaod  Bihrr 
fcld,  1Q06;  Campbell,  iqii).  The  required  concentration,  however  Co  1  per  cent »,  is 
almost  twice  as  ^reat  as  that  which  kills  the  heart  and  paralyzes  respiration  (0.0c  pr 
cent.) ;  so  that  this  peripheral  action  can  play  no  part  in  chloroform  anesthesia  (Sherring- 
ton and  Sowton,  1904). 

Early  Stoppage  of  Heart. — Most  fatalities  with  chloroform  occur  during  theindurtioo 
of  the  anesthesia,  by  sudden  arrest  of  the  heart.  Experimentally,  the  heart  uiU  w'tw 
resume  if  the  vagi  are  promptly  diWded.  In  these  cases  the  arrest  is  due  to  \timuiatin 
of  the  wiKH\  center.  Tnis  may  be  rcfiex,  due  to  nasal,  laryngeal,  tracheal  or  pulmonarr 
irritation  by  the  chloroform  vapor  (Dustre;  Morat;  f^rodie  and  Kusscll);  but  it  may  ibo 
occur  when  all  reflex  paths  are  eliminated,  or  on  intravenous  injection  (Embley.  i<y>i)\ 
thus  indicating  direct  stimulation  of  the  center.  Its  excitability  is  exaggerated  by  Ml 
concentrations  of  chloroform  (about  i  per  cent.),  by  morphin,  and  by  asphyxia  Dttp 
anesthesia  dulls  this  vagus  hyperexcitability,  thus  explaining  why  inese  acddtaU 
generally  occur  at  the  start.  The  administration  of  atiopin  would  prevent  this  fonn 
of  fatality  completely. 

There  is.  however,  another  factor;  for  a  normal  heart  can  not  be  stopped  permanectl?" 
by  vagus  stimulation,  direct  or  refle.x;  with  a  chloroformed  heart  permanent  arr«l  * 
easily  produced  (Embley;  Oesonbry  and  Magne,  1914).  It  follows  therefore  that  the 
high  concentration  of  chloroform  vapor  must  have  injured  the  heart.  This  incrotfol 
sensitiveness  of  the  heart  may  be  fatal  apart  from  the  va^s:  A.  G.  Levy.  igit.  fifl^ 
the  cat's  heart  in  early  chloroform  anesthesia  very  sensitive  to  high  blood  prcmff 
(epinephrin),  death  in  this  case  being  not  avoidable  by  vagotomy  or  atropin.  "Ito 
condition  disappears  in  deeper  anesthesia  and  was  not  seen  with  ether. 

Socin,  1914,  showed  that  chloroform  also  renders  the  excised  heart  less  reabtantta 
venous  engorgement  or  increased  arterial  resistance;  i.e.,  that  it  dilates  more  asStf- 
SimllaHy.  excitement  may  stop  the  heart  of  lightly-  chloralized  cats  (Sollmann,  t^'- 
Embley,  ipiSi  finds  that  earlv  chloroform  death  with  cats  is  frequently  due  to  \'entriw- 
ikr  fibrillation.  With  dogs,  tnis  was  never  \^'itnes&ed,  except  as  a  terminal  result  o(  h* 
blood  pressure. 

Hering,  1916.  also  finds  the  tendenc>'  to  early  death,  in  dogs  and  cats.  panUel|> 
excitement.  The  arrest  is  generally  due  to  ventricular  fibrillation  from  excessive  not- 
ability of  the  heart. 

Henderson.  1914,  is  inclined  to  attribute  these  early  fatalities  mainly  to  acapoii 
Direct  Cardiac  Depression  by  Chloroform. — This  was  demonstrated  on  the  exo«<l 
frogs'  heart  by  Clemens,  1850;  on  the  exfwscd  mammalian  heart  by  Snow,  1852. 

The  excised  mamntatian  heart  (Langendorff  method;  Sherrington  and  Sowton.  190.O 
shows  strikingly  the  difference  between  chloroform  and  ether.  The  chloroform  i- 
pression  occurs  very  promptly  (within  two  minutes)  and  with  much  lower  conccntn- 
tions  than  are  required  for  the  vessels.  It  consists  in  a  lessened  force  of  the  coDtnf- 
tions,  the  rate  being  but  little  altered.  The  auricles  are  less  affected  than  the  ventridcs. 
The  effect  is  proportional  to  the  concentration  of  the  chloroform,  and  independent 
the  absolute  quantity  and  of  the  time  of  perfusion.  The  heart  recovers  at  once 
the  chloroform  is  removed,  unless  the  concentration  was  excessive  (0.15  per  cent) 
which  case  fibrilUir\'  contractions  appear  and  recovery  is  impossible.  Ether  has  m 
less  action,  and  alcohol  is  practically  harmless  even  when  2  per  cent,  is  present. 
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urridgc,  1917.  finds  thai  alcohols,  ether  and  chloroform  may  produce  either  depres- 
sant or  favorable  effects  on  perfused  hearts. 

The  quantitative  dijfcrfncf  in  the  cardiac  depressant  action  of  these  narcotics  is  illus- 
trated by  the  results  of  Dicballa,  1S04,  on  perfused  frops'  heart;  If  ihe  fata!  dose  of 
chloroform  be  taken  as  one,  that  of  etnyi  bromid  would  be  12;  of  ether  48;  of  alcohol 
19J. 

That  the  heart  may  be  directly  depressed  by  chtoroforn  in  the  inlad  animai  was 
shown  by  Scheinesson,  ift68>  who  found  that  the  blood  pressure  fell  e\'en  if  vasodilation 
was  largely  excluded  by  clamping  the  aorta.  Bock  employed  the  same  principle 
more  perfectly,  with  the  same  rcsulu.  Tliis  method  involves  hijth  concentrations  of 
chloroform. 

Ordifmry  concentrations  also  weaken  the  heart  somewhat  (lessened  systolic  amplitude 
and  rapid  dilation:  MacWilliam,  t&go;  Kmbley,  1902);  but  this  may  possibly  be  the 
result  of  the  fall  of  bloo<l  pressure.  However,  the  concentration  of  chloroform  in  the 
blood  which  is  required  for  anesthesia  (0.0.15  P*''  cent.)  is  not  very  far  removed  from  that 
which  paralyzes  the  heart  (0.06  per  cent.;  Pohl,  1891);  so  that  there  is  probably  some 
direct  cardiac  depression  even  in  "safe"  anesthesia,  and  the  margin  of  safety  is  quite 
unall.  Levy  and  Lewis,  igi^,  also  found  tltat  low  cuncentraliuns  of  chloroform  pro- 
duce marked  cardiac  irregularity  idiopathic  vcnlrictdar  contractions^  in  rats.  Hecht 
and  \obcl.  1913,  obser\*ed  disturbed  conduction,  sometimes  to  complete  auricuto- 
Vcntricular  dissociation.  In  some  experiments  this  could  be  removed  by  vagotomy  or 
atropin,  but  in  others  it  could  not,  indicating  an  action  on  the  bundle.  In  perfused 
bearis,  and  doubtless  also  in  living  animals,  the  depressant  action  of  chloroform  is 
^really   increased  by  COi,   and    therefore    by  asphyxia   (Sbcrriogton  and  Sowton. 

■IQ06>. 

The  pressure  in  the  pulmonary  artrry  foils,  through  the  cardiac  and  respirators- 
depression  (Wiggers,  191 1). 

With  frogs'  hearts,  the  depressant  effects  of  anesthetics  can  be  antagonized  by  caUinm 
(Burridgc.  19  w). 

Actioiis  on  Blood. — These  are  not  important  in  ordinar>'  anesthesia.  Ether  and 
chloroform,  like  all  fat-solvents,  produce  hemolysis  when  added  to  shed  blood;  and  an  in- 
significant degree  of  this  action  seems  to  occur  during  life:  ejcamination  of  the  blood 
snows  a  polycythemia,  due  to  diminution  of  the  plasma.  The  hemoglobin  is,  however, 
reduced.  Some  corpuscles  arc  destroyed  entirely,  others  lose  only  part  of  their  hemo- 
I^obin.  Since  a  diminution  of  hemoglobin  to  50  per  cent,  is  dangerous,  it  is  never  safe 
to  use  anesthetics  on  patients  showing  only  60  per  cent,  of  hemoglobin  (Da  Costa  and 
Kalieyer,  1901). 

It  is  conceivable  that  this  hemolysis  explains  partly  the  atymia  and  icterus  vhiiJi 
iiRapmetimes  seen;  but  these  may  also  be  caused  by  hepatic  changes. 
^^baguiation  Time  of  the  Blood. — -This  is  shortened  by  ether  anesthesia.  Chloroform 
PHuiloral  have  no  efiect  if  the  coagulation  time  is  normal;  but  lengthen  it  if  abnor- 
■Wy  short.  Mendenhall,  191 5.  suggests  that  these  changes  are  due  to  disturbed  inter- 
^on  of  the  liver  and  adrenal  glands. 

When    added    directly    to    blood,    complex    effects   are   produced   on  coagulation. 

I  Odotoform  and  ether  render  antithrombin  meffeciive.     Ether  also  weakens  the  throm- 

I   ^actioo;  chloroform  does  not,  nor  does  it  convert  prothrombin  into  thrombin.     The 

I  qoiotitics  used  were  much  higher  than  in  anesthesia  (Minot,  1915). 

I       The  specif  gravity  of  the  blood  is  somewhat  increased  during  anesthesia  and  for 

*vertl  days  after  (Sherrington  and  Copcman).     Buck,  1914,  describes  marked  decrease 

of  the  globulins  after  about  two  hours  of  chloroform  or  ether  anesthesia.     The  viscosity 

pf  the  blood  is  slightly  increased  in  deep,  diminished  in  light  anesthesia,  but  not  to  an 

"Bportant  degree  (Burton-Opitz,  191 1).     The  osmotic  pressure  is  a  trifle  increased  by 

tlK  molecular  concentration  of  the  dissolved  anesthetic  (Carlson  and  Luckhardt,  190S). 

^  fat-content  of  the  blood  is  increased  by  ether;  chloroform  has  this  effect  only  when 

the  animal  has  been  on  a  fat-rich  diet  (Cloor,  1914). 

Disappearance!  of  Fibrinogen. — Profound  chloroform  narcosis  diminishes  or  abolishes 
l^  CDtgulability  of  the  blood.  This  change  is  noticeable  after  thirty-6ve  minutes  of 
«l»e»the»ia.  In  extreme  cases  the  fibrinogen  may  be  completely  absent.  This  effect 
Booooected  with  the  injury  to  the  liver,  similar  to  that  of  phosphorus,  and  is  not  pro- 
duced  by  ether.  The  coagulability  recovers  with  the  repair  of  the  hepatic  lesions 
(M.  Doyon,  igij;  Whipple,  1914)- 

Tbe  choUsierin  content  of  the  blood  does  not  show  any  significant  changes  in  surgical 
ether  anesthesia  (F.  C  Mann,  1916). 

Blood  Caialase. — This  decreases  during  the  administration  of  ether,  by  direct  destnic- 
boa;  and  Increases  during  recovery,  through  increased  output  of  catalasc  by  the  liver 
117)- 
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Temperature. — Chloroform  and  ether  cause  aboui  an  equal  fall 

temperature. 

In  ordinary  operations  on  man  the  fall  is  from  i  to  4**F.,  averaging 
about  2.5°F.  (H.  A.  Hare,  1S88);  much  more  in  prolonged  operations 
on  animals.  It  is  not  markedly  increased  by  the  ordinary'  dosage  dt 
morphin.  The  fall  is  due  mainly  to  increased  heat  loss,  from  the  nar- 
cosis of  the  temperature  regulation,  aided  by  the  cooling  action  of  the 
vapor  and  by  exposure.  It  can  be  prevented  by  external  heat  (the  room 
temperature  should  be  above  26.s°C.  =  8o°F.)  and  bv  keeping  the  skin 
dry  (S.  G.  Davis,  loog).  These  precautions  are  important,  since  chilling 
favors  the  occurrence  of  shock  and  of  postanesthetic  pneumonia.  Warm 
mg  the  vapor  has  been  advocated  (Gwalhmey,  1908;  Pembrey  and  Ship- 
way,  io<6);  but  the  loss  of  heat  from  this  source  would  be  insignificant 
(Boolhby,  1915). 

Reflexes. — The  gradual  abolition  of  all  spinal  reflexes  produces  com- 
plete muscular  relaxation  in  the  anesthetic  stage^ — an  important  surgical 
advantage  over  nitrous  oxid  or  cocain  anesthesia.  The  relaxation  and 
reflexes  are  also  valuable  far  judging  the  depth  of  the  anesthesia,  for  the 
reflexes  var>'  with  remarkable  uniformity  according  to  the  concentration 
of  the  anesthetic  in  the  blood  (van  Leeuwen)  and  even  according  to  the 
concentration  in  ihe  air  (Mann.  1918).  There  are.  however,  rare  excep- 
tions. The  order  in  which  the  reflexes  disappear  is  not  the  same  for  chloro- 
form and  ether,  indicating  that  their  actions  are  not  strictly  alike  (\'aii 
Leeuwen,  19 16). 

The  reflexes  disappear  Jn  a  rather  definite  order.  Among  the  last  to 
disappear  are  the  corneal,  laryngeal,  pharyngeal,  rectal,  vesical,  peritoneal 
and  genital.  The  patellar  reflex  persists  very  late.  The  movements  of 
paralysis  agitans  cease  during  anesthesia  as  they  do  in  sleep.  With 
chloroform,  the  depression  of  the  reflexes  is  strikingly  parallel  to  ihf 
chloroform  content  of  the  blood.  No  initial  stimulation  of  reflex  excita- 
bility is  noticeable  (van  Leeuwen,  1913). 

The  Sensory  Componfnt  is  Depressed  Before  the  \f  otor  Component. — In  thcrariysupi 
sensation  is  blunted  white  motion  is  unimpaired  or  indeed  increased.  The  pfyctucil 
condition  is  similar  to  alcohol,  but  the  facilitation  of  motor  processes  is  eariy  obscund 
by  the  sensory  depression  (Kracpclin,  1892).  In  the  deeper  stages,  the  sensor>' ctD> 
of  the  spinal  cord  arc  pnralyzed  before  the  motor  cells:  If  cnloroform  is  renricted  to  lie 
upper  half  of  the  cor»l,  so  that  this  will  not  react  to  reflexes  from  the  upper  cxlremiiies- 
U  will  still  respond  to  impulses  from  the  unpoisoncd  sensorj'  cells  ot  the  lower  nw* 
(Bernstein).  The  response  to  direct  stimulation  of  the  cord  disappears  lirst  frmn  ll»f 
sensory  posterior  columns  (Flourens,  1847).  Eventually,  however,  the  motor  «& 
ftlso  become  inexdtablc. 

Forbes  and  Miller,  1Q16.  conclude  (from  the  action-currents)  that  the  efferent  tB' 
pulses  are  blocked  before  they  reach  ihr  cerebral  cortex. 

The  cerebr^U  motor  cortex  is  also  depressed,  but  loses  its  etcitability  only  in  very<fcfl' 
anesthesia  Hliuig.  i^Ti). 

Ether  as  an  Intoxicant — The  resemblance  of  the  earlier  effects  of  ether  to  thosf  « 
alcohol  \\s.s  led  to  its  use  as  an  intoxicant.  It  is  said  that  ether  drinking  is  a  romm^ 
form  of  dissipation  in  Irland.  The  effects  are  produced,  and  pa**  off.  more  protnptl! 
than  with  alcohol  (Discussion  and  literaitirr.  J. A.M. A.,  f)4:  168,  rgtsJ. 

General  Protoplflsmic  Poisons  and  Local  Irritants. — The  anesthetics, 
on  direct  application,  narcotize  all  cells,  of  the  lower  organisms,  as  «'tll 
as  of  the  higher.  This  is  preceded,  at  least  in  some  cases,  by  evidences^ 
stimulation.  The  concentration  required  for  irritation  is  greater  than  i» 
reached  from  systemic  administration.  At  the  place  of  application,  how- 
ever, the  irritation  is  quite  marked.     Chloroform  is  more  irritant  tita 
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fffn  equal  concentrations,  and  can  be  employed  as  a  rubefacient 
511  vesicant. 

trritation  is  due  lurgely  to  coagulation  'of  the  protoplasm.  The  cuusc  of  this 
.  the  varioui^  members.  In  the  case  of  lUcahol  it  rests  upon  withdrawal  of  water^ 
Kqucntly  all  proteins  are  affected;  chloroform  has  a  more  marked  action  upon 
i  (especially  myosin),  and  eil$fr  upon  albumins  (especiaUy  egg-albumen). 
Ikeral  Action  on  Nerves. — Dircct<app1ication  of  solutions  or  vapors  of  the  volatile 
ics  to  a  DCT^'e  lowers  its  conductivity  and  excitability,  changes  the  polarization 
18^6;  Alcock,  i^j;  Bethe,  igoS),  and  alwlishes  the  action -current  (Korbcs, 
h  and  Sefton,  iqifi).  The  sensory  fibers  succumb  before  the  motor  (lx>ngct). 
UtciivUy  of  ike  txervf  is  lowered,  as  well  as  its  excitability;  for  if  a  nerve  is  ex- 
I  ether  vapor,  stimulation  at  the  proximal  end  ceases  to  be  effectual  much 
tan  at  the  distal  end.  The  excitability  is  recovered  if  the  ether  is  washed  off  in 
Vith  chloroform,  recovery  is  more  dlMcult.  The  concentrations  required  for 
riphcral  effects  arc  greater  than  can  exist  in  living  animals;  the  motor  and 
lervcs  remaining  excitable  even  in  profound  anesthesia;  nor  is  the  conductivity 
during  life  (Forbes,  Mclntush  and  Sefton,  igi6). 

osis  of  a  ncr\'c  diminishes  its  CO9  production  materially.  Lower  concentra- 
tease  the  CO3  (Tashiro  and  Adams.  1014). 

undiluted  anesthetics  when  injected  dirccUy  into  a  nerve  produce  a  circum- 
leuritis  fcaution  in  subcutaneous  or  intramuscular  injeclionsl. 
Al  Senses. — The  odor  and  sweet  taste  of  chloroform  and  ether  show  a  peripheral 
Ion  of  these  sense  o^gan^. 

*e  Action. — Auer  and  Meltaer,  igt4,  found  that  deep  ether  anesthesia  produces 
itc  depression  of  the  motor  endings  (confirmed  by  van  Lecuwen,  1916).  Chloro- 
IB  not  have  this  effect  ((>ithcns  and  Meltzer,  igM). 

Sle. — .\li  forms  of  muscle  are  depressed.  Chloroform  further  causes  a  specific 
be  muscle  when  applied  directly  or  injected  into  an  artery  f  Kussmaul.  1858;  CX 
|.  It  also  coagulates  the  extracted  muscle  proteins  (Fucrlh,  li^gO). 
r. — The  contractions  arc  depressed  by  chloroform  in  living  animals,  even  by 
lich  do  not  affect  the  respiration  or  circulation  (I^ucas,  1906  and  tuoy).  The 
•1  of  chloroform  therefore  relieves  the  ureteral  spasm  of  renai  cciu.  Ether 
(fi  the  contractions. 

If  movement  (as  in  the  frog's  phar>'nx)  is  arrested, 
aarcotic  eflect-s  on  infusoria  were  observed  by  CI.  Bernard,  1876. 
Dcytosis,     This  is  (Stimulated  by  small   concentrations,  arrested   by  higher 
^mburger,  tgii).     The  stimulation  is  i>erhaps  due  to  asphyxia,  since  cyanid 

0  dioxid  produce  the  same  effect  (Hamburger,  1915). 

Ilg  surgical  ether  anesthesia,  a  leucocytous  sets  in  slowly,  usually  after  one  to 
k5.  It  concerns  mainly  the  polymorphous,  but  the  other  forms  are  also  in- 
i  It  appears  to  be  due  to  stimulation  of  the  bone-marrow.  The  phagocytic 
^  not  decreased,  even  after  four  to  six  hours  of  anesthe^  (F.  C.  Miinn.  1Q16). 
lots  the  narcotics  alx>lish  protoplasmic  movements;  cause  plasmolysis;  suppress 
i  movements  of  the  Sensitive  Pl.mt  (Mimosa  pudica),  etc.  Small  amounts 
metabolism.     Exposure  10  chloroform  and  especially  to  ether  vapor  hastens 

1  (Kecblc.  1006I. 

■fuge. — Chloroform  has  been  employed  for  the  expulsion  of  taficworms;  but 
live  doses  are  too  irritant  and  toxic  to  make  its  use  adx-isable.  It  has  been 
W  .\lcssandrini,  1915,  against  hookworm  and  other  parasites.  He  gives  3  to  4 
live  oil  or  castor  oil.     (l&ll  and  Foster,  1917,  found  it  highly  efficanoun  in  ani- 

^are  dubious  about  exceeding  2  to  3  Gm.  dosage,  and  would  not  repeat 
veck^  for  fear  of  liver  degeneration.  Darling,  Barker  and  Hacker,  1918, 
t  veo*  effective 
I  Pines. — This  Is  described  by  Clayber^^  XQi  7.  and  utilized  for  bioaasavi. 
totic  Action. — Chloroform  is  fairly  antiseptic  (Strassmann,  iHKH;  Salkowftki, 
|d  may  be  used  as  a  preservative. 

t  has  come  into  some  prominence  as  a  surgical  antiseptic.  It  is  apjtlied  on  com- 
aJod  for  flushing  the  peritoneum  after  perforation  (Souiigoux,  lOM)-     Saliha, 

r is  it  as  satisfactory'  and  generally  without  untoward  after-effects  or  com- 
He  injects  the  liquid  ether  before  clo«ng  the  sutures,  about  100  c.c.  for 
C-c,  for  children  above  one  )Tar.     Fatalities  haw,  howe^-er,  been  reported 
|Dce.   Merck's  Reports,  38:?o4)- 

M  Op€U  H'oundi. — Distaso  and  Bowen,  191 7.  recommend  daQ^  irrintion  with 
1 1  per  cent,  ether;  claiming  that  this  promotes  healing,  especially  by  new  for- 
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Cutaneous  Irritation. — The  evaporation  of  the  volatile  anestheti 
cools  ihe  skin.  Local  anesthesia  by  freezing  may  thus  be  produced  (s* 
**  Ethyl  Chlorid").  With  ether*  and  especially  chloroform,  the  coolia 
is  succeeded  by  a  burning  sensation  and  rubefaction.  If  evaporation' 
prevented,  this  may  proceed  to  vesication.  Chloroform  is  therefore  u» 
as  an  active  counterirritant  {linimenlum  chlorojormi,  U.S. P.:  Chlorofon 
30,  Soap  Liniment  70;  B.P. :  Chloroform  50,  Camphor  Liniment  50).  Tl 
irritant  action  on  mucous  membranes  is  even  more  violent.  \ 

Gastro-intestinal  Tract — The  inhalation  of  the  anesthetics  general) 
leads  to  nausea  and  vomiting,  probably  partJy  central,  jKirtly  due  to  loQ 
irritation  and  to  the  swallowing  of  mucus.  Etherization  somewhat  sloK 
the  passage  of  food  through  the  alimentary  canal  (Cannon,  1911).  Par^ 
of  the  intestines  occurs  commonly  after  laparotomies;  but  this  is  mainly  dtt 
to  the  operative  procedures  (Cannon),  although  Y.  Henderson, 
states  that  ether  acapnia  may  also  produce  this  result. 

The  oral  administration  of  etfter  and  especially  chloroform  causes  cott 
siderable  gastric  irritation.  In  milder  degree  this  produces  a  carraii* 
live  and  anodyne  effect,  which  is  useful  in  colic  and  dyspepsia  (Spintrt 
Aelhcris,  5  c.c,  i  3;  Spiritus  Chloroformi,  2  c.c,  V2  3  ;  Aqua  Chloroform^ 
15  ex.,  43)-  Spiritus  Aelheris  is  also  employed  as  a  reflex  '^dijusihli 
stimulant/' 


"1 


J 


//  W/jcr  is  taken  into  the  stomach,  it  is  rapidly  volatilized  and  larger  quantitiM 
tend  the  organ,  sometimes  so  much  as  to  interfere  with  respiration;  it  may  even  ?ifl» 
duce  rupture  of  the  organ.    It  also  causes  considcrabLe  local  irritatioD.  and  consequen 
a  lemiKirary  leucocvtosLs. 

flypodrrmif  InjtrtioK  of  Tt/AtT— This  is  emplo>'ed  (i  to  2  cc.)  as  a  rapid  stimubuit 
collapse.    Like  other  similar  irritants,  it  tends  to  produce  a  slight  and  transient  rise 
blooa  presiiure;  but  it  fails  in  the  severer  grades  of  hemorrhage  and  shock,  and  in 
thcsia  (Ucb  and  Herrick,  1917)- 

Pupfls. — These  furnish  valuable  information  of  the  efficiency  of 
reflexes  and  asphyxia;  and  therefore  of  the  depth  and  course  of  the  an* 
thesia.  They  are  dilated  in  the  excitement  sta^c,  with  the  light  read 
moderately  decreased.  This  dilation  cedes  with  the  approach  of  c 
thesia.  In  man  there  is  an  actual  constriction;  the  light-reaction 
diminished  or  abolished;  the  eyes  are  turned  inward  and  upward  as 
sleep.  The  constriction  persists  throughout  the  anesthetic  stage  and 
recovery.  With  ether,  the  diameter  averages  3,^^  to  4,^2  nim.;  with  chloi 
form,  2  to  3  mm.  If  the  anesthesia  deepens  they  usually  dilate. 
lighter  anesthesia  they  become  smaller.  However,  their  behavior  Ij 
easily  modified  by  reflexes,  respirator\'  embarrassment,  etc.;  and  shouKJ 
be  occasionally  ascertained  by  intentionally  changing  the  depth  of  an' 
thesia.  Constricted  pupils  usually  mean  that  the  anesthesia  is  ligi 
Dilation  may  either  mean  deep  anesthesia,  asphyxia,  or  reflexes  with  I 
anesthesia.  If  the  corneal  reflex  is  present,  dDation  should  lead  to  nn 
rapid  administration;  in  the  absence  of  reficxcs,  to  lighter  administral 
Sudden  and  extreme  dilation  generally  signifies  dangerous  asphyxia.  M 
phin  and  atropin  interfere  with  these  reactions. 

The  cfiFcct  of  anesthesia  is  identical  with  that  of  sleep  and  is  due  to  the  abolili 
of  the  cerebral  impulses  which  normally  inhibit  the  constrictor  tone  of  the  oculoanl 
center.     Asphyxia,  on  the  other  hand,  increases  this  inhibition  (Braunstcin,  1804) 

Thti  Pupillary  Reactions  of  Animals. — These  are  somewhat  different:  all  iSov  1 
dilation  in  the  excitement  and  asphyxial  stages,  and  the  abolition  of  the  light-H 
during  anesthesia;  but  the  anesthetic  miosis  is  witnessed  only  occasionally  in  dfl| 
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Bnvia  cats  or  rabbits.     In  Ibc^e  animals  the  pupils  assume  a  median  position.     The 
ta^spmjl  is  not  affected  by  anesthesia  (Nakazawa,  igio}. 

TIffunMiii  and  Conju/u'litdi  Rijltx. — These  disappear  very  late,  »s  in  all  modes  of 
Q.  Bernard  found  that  the  conjunctival  reflex  disappears  before  the  corneal  in 
s«rBK9tftcaa  and  in  asphyxia;  whilst  the  corneal  rc6ex  disappears  first  in  death  by 
csUvstTfcbntn. 

AbmpCkm  and  Excretion. — Chloroform  and  ether,  like  most  olhcr 
cheniolly  indiiiereni  vapors  and  gases,  are  absorbed  almost  instantly 
from  the  lungs,  and  excreted  promptly  and  almost  quantitatively  by  the 
suae  cfaanneL  A  small  part  is  probably  excreted  by  the  urine.  Absorp- 
tion from  the  stomach  and  rectum  is  also  very  prompt,  and  may  dc 
ttlffiied  for  anesthesia. 


F 


. — The  percentage  of  the  anesthetic  in  the  expired  air  is  at  first  much  leu 
Au  18  the  inspirco.  It  begins  to  rise  after  two  minutes,  but  remains  considerably 
bdow  the  Inspired  even  after  ten  minutes  (Brodle  and  Widdows,  iqoO).  This  shows 
laictnal  retention  of  the  anesthetic^  which  is  rejected  by  the  percentage  in  the  blood 
(BncfaBBStcrand  Ganioer.  iqoj).  Uarcourt.  iqo6.  states  thatatthcendof  half  an  hour 
■nfcmni.  about  one-third  of  the  administered  chloroform  has  remained  in  the  body; 
Ham  CiBie  bat  Httlc  further  retention  occurs. 

The  tsenHa^  of  volatile  anesthetics  through  the  lungs  is  a  merely  physical  process. 
twhiuuj  to  their  evaporation  from  aqueous  ^ulutions.  It  depends  more  upon  their 
KilufauHy  and  affinity  for  water  than  on  their  bofling-point  (Cushny,  1910). 

Thit  art^a-spinai  fiuid  also  contains  small  quantities  of  chloroform  when  this  is 
iohdcdtHald,  1911). 

DwUliUioa  oif  Cblorofonn  in  die  Body. — A  small  amount  of  chloroform  is  decom- 
poaed  in  tJie  tissues,  with  the  production  of  chJorid  1  excreted  by  the  urine;  Zeller,  1S83), 
ud  cuboa  monoxid.  The  quantity  of  the  latter  is  too  small  to  produce  any  effects. 
TU» decomposition  occurs  also  ta  shed  blood  (Ntctoux,  tcjto}. 

Cooccntratiofi  of  Anesthetic  in  Inspired  Air. — The  anesthetics  exist 
ui  the  blood  and  tissues  mainly,  if  not  solely  In  physical  solution:  they  are 
tlicrtforc  absorbed  and  excreted  by  the  alveolar  blood  in  proportion  to 
ibrir  concentration  in  the  alveolar  air,  until  the  whole  system  of  air-blood- 
tisues  is  in  equilibrium.  Since  the  exchange  is  rapid,  the  quantity  of 
iLoesthetic  in  the  Tissues  at  any  given  moment  depends  essentially  on  the 
cwKentiatJon  (partial  pressure)  of  the  anesthetic  vapor  in  the  inspired 
lir  i^P.  Bert).  The  action  is  determined  essentially  by  this  concentration, 
and  only  in  a  minor  degree  by  the  absolute  dose  of  the  anesthetic.  A 
]tnowle<^gc  of  the  concentrations  is  therefore  important. 

The  effective  concentrations  for  the  respired  air  have  been  determined 
experimentally,  mainly  on  animals;  but  the>'  agree  for  all  mammals;  and 
According  to  available  data,  also  for  man  I'Bert.  1884:  Dresser.  1893). 

Bootfiby,  1916,  finds  the  "anesthetic  tension"  (the  partial  pressore 
<'f  ether  vapor  which  maintains  anesthesia  indefinitely,  after  it  has  been 
published)  as  47  mm.,  equivalent  to  about  6.7  volume  per  cent. 

With  etktr^  lieht  operative  anesthesia  can  be  maintained  wirji  aboat 
cent,  (volume)  of  ether  vapor  (18.5  mg.  per  too  c.c.  of  air);  deep 
sis  (abolition  of  reflexes)  requires  10.5  per  cent,  volume.     The  fatal 
intratioQ  is  1 1  per  cent.     For  ckiarnform,  the  corresponding?  concen- 
ilions  are,  frfr  light  anesthesia,  1..35  volume  per  cent.  (6.5  mg.  in  100  cc 
air);  deep  narcosis.  1.65  per  cent.;  fatal,  2  per  cent,  (Kochmann,  ror4)« 
anesSkeHc  zone  between  the  minimal  anesthetic  and  the  fatal  dose  \% 
luch  wider  for  ether  Kiz. ,  5  per  cent.)  than  for  chloroform  ("0.65  per  rrnt.), 
is  one  reason  tor  the  greater  safety  of  father      AnothfT  difference  is 
"    deep  anesthesia  can  be  maintainei'  -  h  iMh<»r, 

form  kiOa  within  one  or  two  i.-  ^ii  _J'-  .-'.  ".'  i'.    . 
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lime  factor  therefore  plays  a  part  especially  with  chloroform  (also  on 
count  of  the  postanesthetic  degenerations).  On  the  other  hand,  ih 
concentration  may  rise  momentarily  above  the  fatal  limit,  since  the  at 
sorption,  although  rapid,  is  not  instantaneous. 


The  above  figures  arc  those  of  Kochmann  and  his  pupils.     The  older  cxperime 
generally  gave  lower  numbers,  probably  due  to  anat>'Uca!  errors.     Thus,  Spenxa 
1894,  statird  the  effective  volume  per  cent,  of  ether  as  3.5  per  cent.;  fatal.  6  per  cent 
for  chloroform.  Rosenfeld,  1896.  named  1  per  cent,  as  anestnetic,  1.65  per  cent,  as  fata! 
The  variouh  results  arc  collated  by  Ritschcl  and  Stange,  1893. 

ConcentratioQ  of  Chlorofonn  in  Practical  Anesthesia. — For  inducing  aneslhesii 

1  per  cent,  chloroform  vapor  is  insufficient:  2  ptr  cent,  is  generallv  cfTcclive;  Less  thai 
this  must  be  Ubcd  in  pathologic  conditions,  but  requires  a  longer  time  to  eftibHsh  nap 
cosis.  Kven  3  per  cent,  may  be  necessary  in  exceptional  cases.  The  ma.vimum  Hmfl! 
of  safety  b  placed  at  2  per  cent,  by  Waller;  at  1  to  1.5  per  cent,  bv  Embley.  Therefore) 
as  soon  as  anesthesia  is  reached,  the  concentration  must  l>c  gradually  reduced  to  i 
cent.,  and  after  half  an  hour  even  lower  (Alrock,  1909;  I-evy,  1910). 

Even  perfectly  adjusted  mixtures  are  not  absolutely  safe.  In  practice  the  iooon- 
venienccs  of  exact  vapor  mixtures  arc  generally  held  to  outweigh  their  advantage*. 
However,  the  above  figures  arc  fairly  approximated  in  the  ordinary  methods  of  adminis- 
tration.    Tk(  air  under  the  ordifuiry  nussk  has  been  found  to  contain  generally  from  J  U 

2  per  cent,  of  chloroform,  and  with  ryjid  application,  up  to  4  per  cent. 

Concentration  of  Anesthetics  in  Blood  and  Tissues. — This  has  l>een  invcsligatfd 
especially  by  Nicloux,  looO  to  1008;  Ti&sot;  Mansion  and  Tissot.  1906;  Stcard,  igoO- 
According  to  these,  the  arUrial  blood  conUiins,  with  complete  anesthesia  of  chlorofom, 
0.032  to  0.05  per  cent.  (0.014  to  0.038  according  to  Buckmastcr  and  Gardner);  of  cthtr, 
0.13  to  0.4  per  cent.  At  death,  the  chloroform  concentration  averages  0.08  per  cent 
(0.06  per  cent..  Pohl;  0.04  per  cent.,  Buckmastcr  and  Gardner);  ether,  0.16  to  o.i;  ptf 
cent.  The  concentration  in  the  venous  blood  is  somewhat  tower,  since  the  anesihtdc 
is  given  off  to  tlie  tissues.  This  difference  is  of  course  especially  large  before  c<)uilibri«ii) 
is  reached.  The  left  heart  is  therefore  exposed  to  a  higher  concentration  than  thr  right 
especially  if  the  anesthetic  is  "pushed"  (Pohl,  1S91). 

The  dangerous  fonfrnJfu/ioHi  of  cthtr  in  the  blood  have  been  determined  for  cat$tV 
Schram,  van  I-eeuwen  and  Made,  1916. 

o.ij  to  0.14  per  cent.,  corresponding  to  deep  anesthesia,  cause  marked  fall  of  blooH 
pressure  by  action  of  the  vasomotor  center  an«]  vagi. 

0.17  per  cent,  h  fatal  unless  artiBcial  respiration  is  used. 

With  artificial  respiration,  0.25  per  cent,  is  fatal  if  the  vagi  are  active;  0.31  per  cent  if 
they  were  paralyzed. 

0.44  per  cent,  is  fatal  to  the  isolated  heart-lung  preparation  and  0.5  per  oenL  to  the 
perfused  heart.  The  perfused  heart  is  but  little  damaged  by  0.17  per  cent.,  iV.,  ihecoft- 
centnition  that  is  fatal  to  intact  cats. 

During  goorl  anesthesia,  the  ether  concentration  in  the  gasfs  of  the  peritfintal  caiiiJ 
reaches  about  4  per  cent.  (V.  Henderson,  igiS). 

The  distribution  of  the  chlorofonn  in  the  tissues  is  related  to  their  content  of  Upoid 
matter  (Prison  and  Nidou.x.  1907);  espcciaUy  of  cholesterin  and  lecithin,  in  fiwh 
chloroform  is  much  more  soluble  than  in  water.  Blood  therefore  absorbs  conwk^ 
ably  more  chloroform  than  docs  salt  solution;  and  the  percentage  is  two  and  one-W 
to  eight  times  greater  in  the  red  corpuscles  than  in  the  plasma  (Pohl.  1891;  Nicloat, 
1906;  Huckmaster  and  Gardner,  1907);  twice  as  Rrcat  in  brain  (0.057  per  cent,  at  6a,i^^ 
than  in  liver  or  muscle  (0.036  per  cent.).  Adipose  tissue  is  a  curious  exception,  since 'I 
contains  no  more  than  muscle.  Waller,  1904,  states  that  only  15  per  cent,  of  thccUoro- 
form  when  added  to  blood  can  be  recovered.  With  rfhrr,  which  has  a  relatively  sm*ll«^^ 
affinity  for  lipoids,  the  percentages  in  all  the  tissues  arc  practically  equal  (Niclooi' 
It  should  be  added  that  Guenter  and  Hoelschcr,  1906,  contradict  these  statements oftlir 
French  observers,  and  claim  that  there  is  no  difference  in  the  percentage  of  f  hlorolorni 
in  the  blood,  brain,  liver  and  kidney;  provided  that  the  inhalation  of  a  given  cobctb- 
tration  is  kept  uniform  until  equilibrium  becomes  established. 

Elimination. — Wlieti  (Itf  anf.thrtU  is  diitoniinued,  the  greater  part  ,'"  -^* — ten 
rapidly  from  ikr  Mood:     Within  five  minutes,  the  percentage  of  ether  ni  h»» 

fallen  to  one-half.     The  final  elimination  is  more  gradual:  With  ether,  ; ■-  i:>c* 

in  two  hours  but  not  in  four  hours.     With  chloroform,  the  concentration  laUs  10  only* 
seventh  in  three  hours,  and  traces  are  present  even  in  seven  hours  (Nicloux). 

Ether  on  Urine  Flow, — This  is  diminished  during  the  anesthesia  (f.g..  Hawk,  iflt' 
Ginsberg,  191 -•;  MacXidcr,  1913},  presumably  by  the  altered  circulation  and  [•erk»<* 


ETHER  AND  CHLOROFORM  GROUP 


677 


by  the  irritation.  (Kemp,  i^qq,  dcscribrd  contraction  of  the  renal  vessels  with 
ctiminishec)  kidney  volume;  but  according  tu  Buxton  and  Levy,  this  occurs  only  in  over- 
dosage, and  then  as  a  part  of  the  general  circulatory  disturbance.)  As  soon  as  the  anes- 
thesia is  terminated,  tne  flow  in^^mises,  the  output  t}eing  above  normaHor several da>'s. 
The  ?pccii)c  gravity  is  also  increased.  This  diuresis  is  proportional  to  the  duration  of 
the  anesthesia  (\V.  H.  Thompson;  Hawk,  iQO^,  iQii,  dogs;  Fringle,  Maunsell  and 
Pringlc.  human,  1005).  In  surgical  ^)atients,  the  urine  output  is  often  diminished  by 
restriction  of  the  water  intake  (Eipstem.  Keiss  and  Branower,  1016}. 

Ether  on  Nitrogen  Excretion. — This  is  diminished  during  the  anesthesia  (Pringle, 
IQ05);  it  is  then  increased  for  twenty-eight  to  forty-eight  hours,  depending  but  slightly 
on  the  duration  of  the  anesthesia.  The  total  increase  may  amount  to  45  per  cent.;  but 
is  generally  smaller,  and  therefore  much  less  than  with  chloroform  (Hawk.  iqo*). 

Amino-Acid  of  Blood  Serum. — In  dogs,  this  is  not  materially  influenced  by  ether 
uiesthesia.  However,  there  is  a  slight  decrease  after  15  minutes,  especially  if  the  amino- 
adds  had  been  raised  by  meat-digestion  (\i.  L.  Ross,  IQ16). 

Anesthetics  on  Gaseous  Metabolism. — In  animals  ther«  is  first  a  temporary  fall; 
then  a  rise,  with  higher  concentrations.  In  plants,  anesthetics  produce  a  rise,  foUowcd 
by  fall  (Osterhout.  IQ18). 

Ether  Glycosuria. ^Ether  anesthesia  sometimes  causes  temporar>'  h>'pcrglyccmia 
and  glycosuria  (animals.  Hawk,  1904;  Shaffer,  iqi4;  human.  Roehricht.  1905).  They 
occur  al.so  on  intravenous  injection  (King,  Movie  and  Haupt,  iQi^)-  They  are  due  to 
increased  hepatic  glycogcnol>'sis,  for  they  do  not  occur  if  the  liver  is  excluded  from  the 
circulation  (^King  and  co-workers,  iqw);  and  are  more  intensive  in  well-fed  dogs  than 
En  fasting  (Hawk.  iqii).  They  occur  after  division  of  the  splanchnics  (King,  etc., 
ton),  but  only  to  a  slight  degree  (Kecon  and  Ross,  IQ19).  Atropin  reduces  the  h>'per- 
gfyccmia  considerably  (Koss,  1919). 

Ether  and  nitrous  oxid  also  increase  the  glycosuria  and  D  -i-  N  ratio  in  phlorhlzin 
diabetes,  the  extra  sugar  being  derived  from  glycogen,  probably  through  tissue-asphyxia 
(Sansum  and  Woodyatt.  1915). 

Hawk,  191 1,  attributes  the  ether  glycosuria  to  d>*3pnca.  Grube,  191 1.  believed  that 
the  cooling  was  a  factor;  but  Ross  and  Hawk,  1914.  nnd  that  the  glycosuria  is  not  due 
lo  fall  of  temperature.  Ross  and  McGuigan,  1915,  claim  a  direct  action  of  the  ether, 
and  that  asphyxia  and  excitement  arc  not  essential. 

Oiastatic  ActivUy  of  the  Blood. — This  is  increased  parallel  lo  the  rise  of  blood  sugar 
(Killian.  1917). 

Renal  Irritation. — Postanesthetic  albuminuria  occurs  in  about  one- 
'ourth  of  ether  anesthesias,  and  about  one- 1  bird  of  chloroform  (Wunder- 
lich).  Tube  casts  are  also  common.  With  previously  sound  kidneys, 
the  renal  irritation  usually  disappears  in  a  short  time.  In  patients  with 
chronic  nephritis  there  may  be  fatal  suppression  of  urine;  but  patients 
wiih  some  albuminuria  are  often  etherized  without  bad  effects.  Chloro- 
[orm  is  apparently  somewhat  more  injurious  than  ether,  but  the  difference 
is  not  very  marked. 

Acetonoria  is  also  very  frequent  after  ether  or  chloroform  anesthesia  (E.  Becker, 
'*95i  Beeftly,  1906;  Marshall  and  Rowntree.  1916;  ethyl  chlorid,  Telrofd,  1906;  even 
liter  local  cocain.  Oundrum).  With  cther.it  is  not  much  influenced  by  thedurationof 
^  anesthesia;  fasting  may  be  a  factor  (Chalfant,  1913).  It  ismorecommon  with  the 
dosr  than  with  the  open  methods  of  administration.  Children  are  more  susceptible. 
Bicwbonatc  has  been  advised  as  prophylactic. 

Acidosis. — Inhalation  anesthesia,  whether  by  ether,  chloroform  or 
nitrous  oxid,  lends  to  reduce  the  reserve  alkali  (bicarbonate)  of  the  blood 
'Menion  and  Crilc.  19x5).  The  reduction  is  greatest  with  chloroform 
fMorris,i9i7) 

Witli  clinicaJ  ether  anesthesia,  compensated  acidosis  occurs  in  30  to  S5  per  cent-  of 
^tioe  operations;  uncompensated  acidosis  in  15  to  20  per  cent.  The  average  reduction 
'"  pUima-bicarbonate  ii^  equivalent  to  5-15  c.c  of  COj  per  too  c.c.  (Rcimann,  1919). 
■IV  icctone  subst.nnces  of  the  bl*Kjd  are  increased,  accounting  for  at  least  60  per  cent. 
^ the  bicarbonate  decrease,  and  perhaps  for  all  (Keimann  and  Bloom,  1918). 

JUUian,  1917*  claims  that  the  oral  administration  of  sodium  bicarbonate,  20  grams 
corrects  not  only  the  diminished  alkali  reserve,  but  also  the  h>'perglycemi*«, 
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It  would    be  cspcrmlly  indicated  if  the  COj  capacity  of  ihc  plasma  before  opcndoir 
is  less  than  5S  t.c   (Rciniann  and  BU>oin). 

Phenylphthalein  Output. — The  *' functional  capacity"  of  Lhc  kidney,  as  messu 
by  this  test,  is  generally  somewhat  decreased  by  ether  anesthcMa.     The  effect  is 
greater,  the  longer  the  anesthesia.     The  output  is  lowest  soon  after  lhc  opcnitii 
rctuming  to  normal  in  twenty-four  to  forty-eight  houra.     Exceptionally,  there  may 
no  decrease,  but  even  an  increase;  or  the  decrease  may  bo  very-  large.     It  has  no  reUti 
to  albuminuria.     All  shock  and  collapse  conditions  lower  the  phthalein  output  (R. 
Miller   and    Cabot,  IQ15;  Epstein.  Keiss  and  Branower,   igi6).     Whipple  and  Si 
1915,  also  found  the  phthalein  output  lowered  after  ether,  paraldehyd,  cnloral,  chloi 
form  or  alcohol  anesthesia.     T^^X  obser\'ed  that  Eck's  fistula  produced  lowered  outpi 
as  also  phosphorus,  and  therefore  attribute  the  effect  to  disturbance  of  liver  function. 

Anesthetics  in  Experimental  Nephiitis.— In  dogs  rendered  polyuric  and  glycosurie 
by  tubular  uranium  nephritis,  MacN'ider,  1913,  found  chloroform  anesthesia  much  morB 
damaRing  than  ether.  In  fuU-grown  animals,  chloroform  promptly  arrested  the 
flow,  so  that  it  would  not  respond  to  diuretics;  it  made  the  nistologic  lesions  much  mo 
marked.  The  damage  was  much  less  in  young  animals.  Ether  produced  but  little 
effect  even  in  adults.  (Young  puppies  are  remarkably  tolerant  also  to  the  other dan^rf 
of  chloroform;  Whipple,  igisi. 

Chloroform  on  iJrine  Flow. — In  man  this  diminishes  steadily  during  anestboii 
(Bovee,  it^og).  Animals  also  usually  show  this  decrease,  due  to  the  low  blood  pressait 
with  diminished  kidney  volume  (Thomson  and  Kemp,  iSgg).  Thompson,  1906,  often 
observed  increased  diuresis  in  the  early  stages,  and  invariably  after  recovery. 

Chloroform  on  Nitrogen  Metabolism. — Chloroform  anesthesia  increases  the  toul 
nitrogen  excretion  (especially  in  carnivorous  animals),  and  the  ammonia,  aUantoia« 
diammo-acids,  polypcptids,  creatinin  and  organic  sulphur.  It  decreases  the  cxcirtioa 
of  urea  and  of  monoamino-acids  (Strassmann,  1889;  Sa.lkow9ki.  18S9,  Noel  Paton.  1^94! 
Vidal,  1807;  Rostoki,  i9oi;Howlandand  Richards,  1909; Lindsay,  1911).  Thcinatiw 
persists  for  some  days  and  may  amount  to  .^00  per  cent.  These  changes  indicate  ifi 
%iu-reasc4  dfstrudioH  hut  imompiflc  oxidntian  of  the  proteins.  They  arc  similar  to 
phosphorus  poisoning,  and  probably  depend  on  the  hepatic  lesions. 

The  chlorid  excretion  is  mcreased  during  and  after  the  anesthesia. 

Chloroform   Glycosuria. — This   is   quite   common   in   ordinary   anesthesia. 
disturbance  is  probably  analogous  to  ether  (h>perglycemia;  E.  L.  Scott,  1914) 
profound.     There  is  s*mie  dispute  as  to  whether  other  reducing  substances 
dextrose  are  present  (Hawk,  igit).     Chloroform  diminishes  the  tolerance  to 
and  levulose  (Marshall  and  Rowntree,  1915I. 

Delayed  Chloroform  Poisoning  (Postanestiietic  Toxemia). — ^Tbc  pro- 
longed administration  of  chloroform  is  often  followed  by  fatty  degenera- 
tion of  the  liver,  heart,  kidneys;  leading  to  profound  toxemia,  vomiting* 
prostration,  icterus,  and  coma,  which  is  often  fatal.  These  restilts  arc 
very  exreptional  with  ether.  Postanesthetic  toxemia  is  especially  com- 
mon with  children;  and  in  patients  with  acetonuria,  diabetes,  hepatic  dis- 
orders (Hildebrandt,  T913),  cyclic  vomiting,  rickets  or  wasting  diseases. 

Symptoms. — The  importance  of  late  chloroform  poisoning  seems  to  have  been  6** 
recognized  by  Bevan  and  Fa\-ill,  1905;  although  cases  had  been  reported  pre\'ioU5l>- 
The  symptoms  start  after  ten  to  one  hundred  and  fifty,  generally  twenty-four  to  forty- 
eight  hours;  the  intervening  time  being  indistinguishable  from  the  nunnal  count- 
They  consist  in  profuse,  Sometimes  incessant  vomiting,  first  bihous,  then  blood-$taincai 
excitement  and  delirium,  alternating  with  apathy  and  prostration;  dilated  pup*^ 
rapid  pulse;  ietcrus;  unconsciousness  deepening  into  coma.  Death  occurs  in  four  f)^ 
days  (Herb,  iqii) 

The  blood  generally  shows  retention  of  non-protein  nitrogen,  urea  and  amino  ac^^^ 
similar  to  phosphorus  poisoning,  though  less  intensive  (E.  K.  Marshall  and  RowatnCtj 

Anatomic  Lrsions  in  the  Liver. — These  consist  in  extensive  vacuoliz&tion.  fElly 
eration,  swelling  and  necrosis  of  the  cells,  cspcciallyiatjout  the  central  veins  (Nothi 
1866;  Ungar  and  Junker;  Wells,  1006;  Howland  and  Richards,  1909;  Whipple 
Spcrry,  1909;  Herb.  1911).  The  icterus,  the  disappearance  of  fibrinogen  from 
blood;  the  diminution  of  liver  lipase  with  increase  of  plasma,  kidney  and  muscle  lina* 
(Quinan,  191 5);  the  delay  of  the  biliary  excretion  of  phenoltctrachlorphlhalein  (%nip- 
ple  and  pupils.  1913);  the  changes  in  metatmlism;  and  the  occasional  occurrence  o(  leacn 
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and  tyrosin,  roust  be  referred  largely  to  the  hepatic  lesions,  and  are  an&logous  to  anitc 
yellow  atrophy  and  to  phosphorus  poisoniDR.  H.  G.  Wells  suggests  that  they  are  due  to 
checking  of  the  synthetic  processes,  whilst  the  autolytic  activity  is  unimpaired  (Quinan). 
(Large  doses  of  other  anesthetics  (urethane,  SoUmann)  cause  similar  degeneration.)  In 
anunah  which  recover,  the  liver  changes  tend  to  return  to  normal,  even  when  there  has 
been  extensive  necrosis  (Whipple  and  Sperry,  1909).  Mosiman  and  Whipple,  igia, 
found  that  puppies  and  fed  are  less  subject  to  the  hepatic  necrosis;  and  that  pigconi, 
fiogs  and  terrapin  seem  to  be  immune. 

InjluttHc  of  Exfurrinu-ntai  Conditions  on  Cftloroform  Hfpoiith. — W.  C.  Davis  and 
Whipple,  1919,  found  that  a  practically  uniform  degree  of  hepatitis  can  be  induced  b^ 
i^  oour«  of  light  chloroform  anestheua  in  dogs  that  had  fasted  three  days.  This 
•lerved  aa  the  standard: 

Di^. — Starvation  renders  dogs  much  more  susceptible.  More  or  less  marked 
protection  is  conferred  by  feeding  with  sugar  or  carbohydrates;  skim  milk  or  casein; 
brain  substance.     Meat  is  but  slightly  protective;  fat  not  at  all. 

These  observations  suggest  that  patients  who  are  to  take  chloroform  should  receive 
liberal  quantities  of  carbohydrates  and  milk. 

The  protective  action  of  sugar  was  also  asserted  by  Graham,  191 7,  and  hms  been 
confinned  by  Simonds,  1919. 

Hepatitis  atid  Diet  on  Metabolism. — Chloroform  hepatitis  is  accompanied  by  in- 
creased nitrogen  excretion,  which  is  greatest  in  fasting  animals;  and  by  the  rapid  dts- 
appearaoce  oT  hepatic  glycogen.  Both  effects  arc  prevented  by  feeding  sugar,  out  not 
by  fat.  DaWs,  Hall  and  Whipple,  1919,  suggest  that  the  sugar  acts  by  conser\Tng 
protein  cleavage  products. 

injluence  of  Drugs. — Da\Hs  and  Whipple,  1Q15,  obtained  no  protection  from  alkalies. 
Epinephrin  and  quinin  appeared  somcwnat  protective,  the  cpmcphrin,  however,  only 
after  a  day.  The  addition  of  other  Uver-poisons  did  not  markedly  modify  the  effects  of 
the  chloroform. 

Histologic  Changes  in  Other  Organs. — These  arc  also  important.  Fatty  and  degen- 
erative changes  are  seen  in  the  epithelium  of  the  straight  and  convoluted  tubules  of  the 
kidneys  (Howland  and  Richards;  Appcrly,  191 2);  in  the  pancreas  (Whipple  and  Sperry); 
in  the  suprarenal  cortex  and  otner  glands  of  intcriml  secretion  (bcagUone,  1915). 
Involvement  of  the  heart-muscle  sometimes  dominates  the  symptoms.  Degeneration 
of  the  cardiac  ganglia  has  been  described  (Strassmann,  1898).  Small  hemorrhagic  foci 
cost  in  the  ^astro-intestinal  tract,  mesenterj,  pleura  and  pericardium  (Herb).  These 
histologic  lesions  can  be  produced,  especially  in  young  dogs,  by  chloroform  anesthesia 
lasting  two  hours  (Whipple  and  Sperry,  1909;  Whipple  and  Hurwitz,  191 1).  Repealed 
chloroform  anesthesia,  nith  rabbits,  produces  degenerative  changes  also  in  the  central 
nerve  cells  and  those  of  Auerbuch  and  Meissner  plexus.  So  do  many  other  poisons,  but 
not  ether  (Lissauer,  1914). 

Cmgln  and  Hull,  igiT.pointoutthesimilarityof  the  late  chloroform  phenomena  to 

Lgrifur^iro,  and  suggest  that  chloroform  would  be  much  more  injurious  than  ether  in  this 

^^faition. 

HHucCrudden,  191^,  6nds  that  chloroform  is  more  apt  to  produce  fatty  changes  of  the 
fabbtt's  heart  after  ruphrtctomy.     Kther  does  not  do  this. 

Relation  to  Acidosis. — Lesions  resembling  dclaved  chloroform  poisoning  occur  in 
many  intoxications,  among  others  in  acidosis.  Graham,  1915,  assumes  a  causative  rela- 
tion. He  points  out  that  the  oxidation  of  chloroform  and  other  analogous  halogen 
compounds  may  lead  to  the  production  of  HCl,  and  believes  that  tliis  would  produce 
iddods,  and  thus  the  degenerative  changes.  It  has  never  been  shown,  however,  that 
such  oxidation  actually  takes  place  in  the  body,  especially  to  a  degree  that  would  over- 
come the  very  efficient  defense  mechanisms  neutralizing  acidity.     It  is  also  difficult  to 

m^ain  away  the  observations  of  similar  degenerations  after  chloral,  urctbane.  etbcr, 

^HMphorus.  etc^  which  certainlv  are  not  oxidi2cd  to  acids. 

^^B>a\'isand  Whipple,  1919,  failed  toconfirmsomeof  Graham's  data,  and  point  out  the 

^^bbility  of  technical  errors. 

^^preaimtnt  of  Anesthetic  Acidosis. — W.  H.  Morris^  iQi7t  finds  that  the  depletion  of 

^mer\'e  alkali  is  largely  prevented  by  the  preliminary  administration  of  sodium  bicar- 

I   bonate  f  15  to  30  Gm.  in  the  36  hours  preceding  the  anesthetic — suf&cient  to  make  the 

I   urine  alkaline). 

I        Experimental  Hepatic  Cirrhosis. — This  occurs  after  rei>eated  administrations  of  chlo- 
roform (Mcrtens,  1896;  Hcrter  and  Williams.  1905).     It  is  favored  by  the  presence  of 

'  bacterial  infections  and  may  then  proceed  to  acute  yellow  atrophy  (Opie,  191a). 

latnvenous  injection  ol  ether  (large  doses  in  rabbits)  causes  destruction  of  liver 
;,  with  extensive  thrombus  formation  (prevented  by  leech  extract).     The  mechan- 
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ism  is  endenth'  altogether  different  from  ordinary  chloroform  degeneration  (L.  Loel 
igo6;  Loeb  anJ  Meyers,  iqio). 

Repeated  AnesUiesia  on  Growth. — Schapiro,  iQoft,  found  marked  retardation  ii 
>'oung  cats  anesthetized  every  morning  and  evening  for  forty-eight  days.     When  t\ ' 
was  discontinued  the  animals  caught  up,  at  least  partly  with  the  controls.     The  cff< 
therefore  has  no  practical  importance. 

Other  After-effects  of  Anesthetics. — These  are  mainly  due  to  the  irri- 
tant action,  and  may  therefore  occur  with  either  anesthetic.  They  may 
be  recapitulated  as: 

Gastric  Irritation^  Nat$sea  and  Vomiting. — Almost  universal;  van* 
with  duration  of  anesthesia;  less  with  open  methods. 

Tympanites. — Especially  after  abdominal  operations;  the  anesthetics 
arc  only  contributory. 

Rcnai  Irritation. — About  equally  frequent  with  either  aneslbelic 

Aspiration  Pneumonia. — More  frequent  after  ether. 

CHOICE  OF  THE  ANESTHETIC 

This  is  determined  by  the  particular  conditions  of  the  patient  and  of 
the  operation.  Safety  should  be  the  first  consideration;  but  the  depth 
and  duration  of  anesthesia,  the  comfort  of  the  patient,  and  the  convenience 
of  the  operator  are  also  very  important.  The  principal  anesthetics  whidi 
deserve  consideration  are:  Genera!  Anesthesia  by  ether,  chloroform, 
nitrous  oxid,  or  ethyl  chJorid,  with  or  without  morphia  and  scopolamiD; 
Spinal  Anesthesia;  and  Local  Anesthesia. 

For  short  operations^  local  anesthesia  by  cocain  or  similar  drugs,  or 
by  freezing  should  be  preferred.  Where  these  arc  not  practicable,  nitrous 
oxid  or  ethyl  chlorid  are  used.  Nitrous  oxid  is  the  safer.  It  is  practically 
devoid  of  danger  in  short  anesthesia. 

For  longer  operations,  the  advantages  of  general  anesthesia  oulwfifb 
the  disadvantages,  as  compared  with  spinal  anesthesia.  Chioroforn  b 
far  more  dangerous  than  ether  or  nitrous  oxid;  although  with  practical 
experience  the  acute  dangers  may  be  greatly  reduced.  The  chief  im- 
mediate risks  are  in  the  induction  period.  The  danger  of  postanesihfti^^ 
toxemia  makes  its  employment  in  prolonged  operations  almost  crimiaal- 

Advantages  of  Chloroform. — Its  continuance  in  practice  is  due  to  its 
convenience  for  patient  and  operator:  Its  action  is  much  more  rapid  than 
that  of  ether;  it  induces  the  most  profound  anesthesia  and  relaxation;  it 
does  not  have  the  disagreeable  taste,  causes  less  suffocation,  less  cxdt^ 
itient,  and  less  postoperative  nausea  and  vomiting.  These  disagreeable 
features  of  ether  can  be  largely  avoided  by  proper  administration  (pr^ 
liminary  gas,  and  open-drop  method).  At  their  worst,  they  are  not  enough 
to  offset  the  dangers  of  chloroform.  These  should  only  be  risked  in  emfT- 
gencies;  when  prompt  anesthesia  is  imperative;  in  brain  surgery,  ather- 
oma and  aneurism,  where  the  lowered  blood  pressure  is  advantageous;  and 
possibly  on  the  battlefield  to  increase  speed  and  lessen  bulk.  It  hasao 
advantage  over  ether  in  renal  disease,  and  but  little  in  respiratory  diseases. 

Specific  Contraindications  to  Chloroform  are:  advanced  heart  disca5^ 
Graves'  disease,  hemorrhage,  prolonged  operations,  and  the  condiuons 
which  favor  acidosis. 

Chloroform  in  Obstetrics. — It  is  quite  generally  believed  that  the  ific 
of  chloroform  in  childbirth  is  relatively  safe  (J.  Hill,  1916).  This  is  ex- 
plained partly  by  the  lesser  apprehension  of  the  patients,  and  partly  by 
the  light  degree  of  anesthesia  or  rather  analgesia,  which  ordinarily  suffice. 
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^or  deep  anestnesia,  it  is  doubtless  quite  as  dangerous  as  for  other  patients, 
,nd  presents  the  added  disadvantage  of  delaying  labor  and  thus  favoring 
ostparlum  hemorrhage.  The  analgesic  dosage  does  not  cause  serious 
ielay.  The  anesLhetics  pass  into  the  fetal  circulation  (Jung,  ioi4);and 
nolonged  anesthesia  is  probably  as  injurious  to  the  child  as  to  the  mother. 

Chloroform  Analgesia. — A  light  chloroform  anesthesia  is  used  to  dull  the  excitability 
il  the  central  nervous  sj'atcm,  in  f»ain  or  insoninui;  and  to  chrrk  ionvul.<iii>ns,  as  those  of 
itrychnin,  tetanus,  or  eclampsia.  It  is  especially  useful  in  the  onset  of  lhe?.e  conditions: 
vhen  the  convulsions  are  fully  developed  it  must  be  used  cautiously,  to  avoid  asphyxia. 

For  the  production  of  the  light  anesthesia,  chloroform  is  preferred  to  ether,  since  it 
cu  be  more  easily  regulated,  and  its  effects  are  more  lasting. 

A  very  deep  degree  of  anesthesia  is  employed  in  reducing  diilpcatMfu,  to  relax  the 
loac  of  the  opposing  muscles. 

Ether  is  probably  safer. 

Fixed  Dttse-Sclf  Inhalation  Chloroform  Anal^fsiti.~~\  single  dose  of  5  c.c  of  chloro- 
form, poured  on  cotton  and  inhiiled  trom  the  hand,  produces  a  vcr\*  cfTcclive  analgesia, 
vrith  slight  confusion,  but  without  unconsciousness,  nausea  or  dangerous  effects.  The 
action  is  complete  in  five  minutes  and  lasts  about  20  minutes.  The  method  has  been 
used  successfully  for  painful  dressings  and  short  operations  (Sollmann,  1918). 

EihtT  Analgesia  by  Oral  Adminislration. — This  has  Iwcn  employed  for  similar  pur- 
poses. The  action  is  more  lasting,  but  not  always  as  efficient.  The  dose  consists  of 
in  ounce  of  a  50  per  cent.  <iolulion  of  ether  in  liquid  petrolatum,  sandwiched  between 
two  drinks  of  port  wine.  The  petrolatum  is  intended  to  act  as  an  automatic  regulator 
for  thee  viiporation  and  absorption  of  the  ether  vapor  (Gwathmcy  and  Karsncr.  IQ17). 

Ether  and  nitrous  oxid  art  practically  equally  safe  in  ordinary  cases. 
Kik^  has  several  luhania^es:  it  is  more  easily  administered;  it  gives  more 
<:omp!ete  relaxation,  less  asphyxia,  and  less  rise  of  blood  pressure;  so  that 
the  condition  of  the  respiration  and  circulation  are  more  nearly  normal. 
Its  administration  is  simple  and  does  not  require  as  much  experience; 
Ether  being  perhaps  the  safest  anesthetic  for  long  operations.  The  dis- 
a^eeable  features  of  its  administration  can  be  practically  avoided  by 
>killful  administration.  The  advantages  of  nitrous  oxid  appear  especially 
in  the  case-^  in  which  ether  is  specifically  contraindicated. 

Contraindications  to  Ether. — The  irritant  action  contraindicates  its 
Use  (and  also  that  of  chloroform)  in  refiai  disease,  and  in  atute  respiratory 
^i^^case  (colds,  bronchitis).  In  these,  nitrous  oxid  is  preferred,  although 
^thcr  b  often  employed  without  damage.  Chronic  respirator>'  disease 
w  Dot  a  contraindication,  unless  there  is  actual  dyspnea  (emphysema). 

ChiUren  are  especially  subject  to  ether  irritation,  resulting  m  respira- 
^oiy  embarrassment  and  choking.  Ether  favors  bleedings  especially  in 
parts  in  contact  with  the  vapor;  it  is  therefore  not  poptdar  for  operations 
of  the  mouth  and  Iar>'nx.  In  brain  tumor  or  aiheroma,  ether  and  especially 
nitrous  oxid  may  produce  apoplexy;  local  or  spinal  anesthesia  should  be 
preferred.  Advanced  heart  disease  makes  all  anesthetics  more  dangerous. 
In  this  respect,  ether  and  nitrous  oxid  are  about  equal;  both  should  be 
preferred  to  chloroform.  The  danger  is  proportional  to  the  myocardial 
■Regeneration,  rather  than  to  the  valvular  lesion:  With  fair  compensation, 
ether  can  be  used  safely;  indeed,  the  circulation  may  be  rather  improved 
'iuring  the  anesthesia.  In  advanced  fatty  degeneration,  it  is  better  to 
employ  local  or  spinal  anesthesia.  In  hot  climates,  above  9J**F.,  ether 
'J  vaiMjriztMi  so  rapidly  that  its  use  by  the  ordinary  methods  Ls  difficult. 

Nitrous  Oxid. — This  is  the  safest  anesthetic  for  short  operations.  If 
the  anesthesia  lasts  longer  than  an  hour,  it  becomes  somewhat  more 
duigerous  than  ether  even  in  the  hands  of  experts;  and  much  more  dan- 
gerous if  experience  is  limited  (Bevan,  1915).    It  is  more  pleasant  to 
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take;  it  causes  no  irritation,  and  but  little  excitement  or  gastric  disturb- 
ance. It  has  lilllc  or  no  influence  on  immunity.  There  are  practical 
no  after-efifecls.  According  to  Crile,  it  lessens  the  tendency  to  sho( 
It  is  especially  preferred  for  short  operations,  and  for  excitable  and  neurotic 
patients.     Old  individuals  are  good  subjects. 

Disadvantages, — On  the  other  hand,  the  muscular  relaxation  is  U 
complete;  it  causes  more  or  less  asphyxia  and  abnormal  rise  of  blood  pre 
sure;  it  is  expensive;  and  it  requires  special  apparatus  and  special  experi-j 
ence  for  its  successful  administration.     It  is  not  appropriate  for  childrarf 
under  three  years,  since  their  thorax  is  too  feeble  to  withstand  the  asphyxia. 
Obese  or  anemic  patients  arc  also  unsuited  to  all  anesthetic  methods  which 
interfere  with  respiration. 

Statistics  of  Anesthetic  Mortality. — No  reliable  statistics  of  sufficient  extent  cis 
be  available  until  the  reporting  of  ali  anesthesias,  good  and  bad,  is  compulsory.  E%tc 
then,  the  ratio  of  "bad  risks"  will  be  indefinite.  The  existing  statistics  therefore  give 
only  a  rough  idea  of  the  relative  danger;  but  since  they  agree  fairly  wcU,  they  are  worth 
considering.  Modern  American  statistics  arc  ^ven  by  Gwathmcy,  igi2.  According 
to  the  various  compilations,  the  acute  mortaUty  for  chloroform  is  given  as  i:i.ooo, 
i:i,075,  2,500,  3,000,  3,000,  3,500,  3,700,  5.000;  a  fair  estimate  would  seem  to  be 
1 : 3,500.  This  does  not  take  account  of  the  delayed  deaths.  For  elher,  the  figures  nin 
I  :  5,100,  14,000,  14,600,  16,500, 16,800,  33,200;  the  average  would  be  perhaps  i:  16.000. 
For  A.C.E.  mixture,  the  ratio  is  1:3,370;  for  ethyl  bromide  1:5,400;  for  ftkyl  fWW, 
1:3,000,  7,000;  for  nitrous  oxid  in  short  operation.*;  (dentistry),  less  than  1:5,000,000. 

Anesthetic  Mixtures. — The  attempts  to  blend  the  actions  of  anesthetio 
by  mixing  them  have  been  unsuccessful,  mainly  because  the  ingredicnU 
do  not  volatilize  with  equal  rapidity  (Snow).  The  composition  of  the 
inspired  anesthetic  is  therefore  absolutely  uncertain.  As  a  rule,  the  con- 
centration of  the  chloroform  increases  during  the  administration.  Thf 
administration  is  further  complicated  by  the  different  sequence  of  the 
disappearance  of  the  reflexes  from  chloroform  and  ether  (van  Leeuwcn, 
1916).  These  mixtures  are  therefore  at  least  as  dangerous  as  chlorofonn. 
and  should  be  condemned  (Kochmann,  1903). 

The  principal  mixtures  of  this  tvpc  are  the  English  A.C.E.  mixture,  introduced  by 
Harley  (A,;  Cj;  Ej);»  Billroth  mixture  (A,;  C,;  Ei);  C.  E.  mixture  of  flnriU  <Ci:Et*; 
Schleich  mixture  (benzine  i  :  Ci  :  Kio).  Other  mixtures  containing  ethyl  chlorid  or 
bromid,  etc.,  have  also  found  advocate*.  The  alcohol  and  benzine  of  these  miitun? 
wpre  intended  mainly  to  raise  or  lower  the  boiling-point,  but  benzine  is  not  indiffmni 
The  statement  of  Scliaefcr  and  Schariicb,  thai  the  addition  of  xo  per  cent,  of  alcohol  ti 
chloroform  practically  prevents  the  fall  of  blood  prcsurc,  needs  con6rmation.  How- 
ever, there  seems  to  be  some  combination  between  ether  and  chloroform;  for  on  tnin'* 
equal  volumes  {2$  cc.)  the  temperature  is  said  to  rise  14"C.  (Marcclet,  iqw). 

Syturgism  of  Pjhrr  and  Chloroform. — Analy-sis  of  the  concentration  of  the  anesthetics 
in  the  blood  show  that  mixtures  of  the  vapors  do  not  exhibit  a  potentiated  effect,  but* 
rather  imperfect  summation  of  action.  Earlier  work  with  imperfect  methods  «'•« 
contradictor}'  results:  IloniRmann,  18^;  and  Kionka  and  Kroenig,  1905,  aj^rcMJ- 
obtained  considerable  potentiation;  while  Madelung.  igio.  and  Buergi,  loio,  found inily 
simple  summation  and  Damkoehlcr,  1913,  obtained  different  results  for  different  deplte 
of  anesthesia. 

Combination  with  Aliphatic  Hypnotics. — This  gives  rather  complex  results  (Birtcft. 
1913;  ordinary  hypnotic  doses,  combined  with  inhalation,  rabbits):  with  tftiMtr,  chlo*»I 
and  barbital  do  not  materially  lower  the  vapor  concentration  required  for  light  an©ll»f* 
sia;  but  reduce  that  for  deep  anesthesia  by  30  per  cent.,  and  paraldehyd  even  by  w 
per  cent.  The  zone  of  safety  is  normal.  With  chhroform,  chloral  and  barbital  »h» 
reduce  the  decp-aneathcsia  concentration,  but  still  more  the  fatal  concentnlMMi;  * 
that  the  danger  is  greater.  Paraldehyd  acts  as  with  ether,  so  that  its  use  would  be 
advantageous. 

■  The  pruportimii  of  all  the  mixture*  ere  by  volume.     A,  a 
E,  for  ether. 
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[ansfeid  and  Hamburger,  1Q15.  believe  that  ether  actually  potentiates  with  chloral 
or  morphin,  by  favoring  their  distribution  into  the  nervous  system. 

Sequence  Anesthesia. — A  more  rational  method  of  combining  the  ad- 
vantages of  aneslhelics  i^  to  employ  them  in  sequence;  particularly  to 
induce  anesthesia  by  the  pleasant  and  promptly  acting  nitrous-oxid- 
oxygen  iiihaJation,  and  to  continue  it  with  ether.  This  probably  presents 
the  nearest  approach  to  an  ideal  anesthesia. 

Chloroform  was  formerly  used  for  the  preliminary  anesthetic,  but  presents  consider- 
able danger.  Ethyl  chlond  may  be  employed  successfully.  Nitrous  oiid  without 
oxygen  is  nut  m)  satisfactory,  because  the  ether  must  be  pushed  rapidly,  to  avoid  os- 

Ehyxia  or  return  of  consciousness,  and  the  concentrated  vapor  is  apt  to  cause  sudden 
iryngcal  spasm  {Cunningham  and  Anderson,  1908).  Hewitt  endorses  the  sequence 
of  C.  K.  mixture  (to  two  to  six  minutes),  with  the  gradual  addition  of  ether,  by  the  open 
method.  Changing  from  full  ether  anesthesia  to  chloroform  is  especially  dangerous 
(Hewitt). 

Morphin,  Scopolaminf  Atropin  and  Strychnin  Preliminary  to  Anesthe- 
sia.— One  or  several  of  these  drugs  are  often  injected  hypodermically, 
half  an  hour  before  starting  the  operation.  They  lessen  the  anxiety  of 
the  patient  and  avoid  some  of  the  dangers  of  anesthesia.  The  doses  as 
given  l>elow  may  be  combined. 

Morphin  (10  to  15  mg.,  J-^  to  34  gr.)  Is  most  effective  in  lessening 
apprehension,  excitement  and  struggling.     Labbe  and  Guyon,  1872,  were 
the  first  to  use  it  clinically.     It  makes  anesthesia  prompter  and  smoother. 
It  reduces  materially  the  quantity  of  anesthetics^  and  thereby  the  gastric, 
pulmonary  and  toxic  after-effects.     The  patient  does  not  awaken  so  early. 
Since  the  morphin  narcosis  involves  an  entirely  different  mechanism,  the 
side  effects  of  both  are  probably  relatively  smaller.     On  the  other  hand, 
morphin  depresses  the  excitability  of   the  respiratory  center,  and   the 
miosis  interferes  with  the  pupil  danger  signal;  morphin  is  rontraindicated 
in  pulmonary  disease,  in  semicomatose  patients,  or  when  the  operation 
would  involve  bleeding  into  the  air  passages.     On  the  whole,  the  marked 
ad\'anlages  appear  to  outweigh  the  disadvantages,  although  many  anes- 
thetists condemn  its  routine  use. 

Morphin  reduces  the  concentration  of  ether  or  chloroform  vapor  required  for  light 
WBthesia,  but  not  that  for  deep  anesthesia  or  death.  The  margin  of  safety  is  therefore 
widened  considerably — 60  per  cent,  for  chloroform,  50  per  rent,  for  ether  (Slange,  191  j; 
^lochmann.  ,iQr4).  However,  the  respiration  must  be  carefully  watched  with  chloKK 
tona,  for  this  also  shows  dangerous  potentiation  (Wolff,  igtj;  W.  Stniub^  S9<j)- 

kitropin  (0.3  mg.,  '^200  gr)  stimulates  respiration  and  is  therefore  often 
id  as  a  corrective  to  the  morphin.  It  also  diminishes  the  reflex  vagus 
page  of  the  heart  by  chloroform,  and  ether  salivation  and  bronchorrhea, 
eby  lessening  the  occurrence  of  ether  pneumonia.  The  atropin  my- 
Qnasis  and  tachycardia  interfere  with  the  use  of  the  pupil  and  pulse  as 
danger  signals.  On  the  whole,  its  use  is  advisable;  but  the  above  dose 
should  not  be  exceeded  on  account  of  occasional  idiosyncrasies. 

Scopolamin  (0.5  mg.,  'I20  ^)  is  often  substituted  for  the  atrppin. 
Jt  has  the  same  peripheral  actions  on  the  pupil  and  glands,  but  greatly 
intensifies  the  narcotic  effects  of  morphin.  On  the  other  hand,  it  disposes 
to  pronounced  vasodilation,  so  that  the  pressure  falls  as  deeply  in  ether 
anesthesia  as  with  chloroform  (Mayor,  1908).  Moreover  it  sometimes 
ifltensllies  the  respiratory  depression  of  morphin  to  a  very  dangerous 
degree.    This  danger  is  so  serious  that  its  use  is  not  advised.     Bevan, 
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1915,  who  opposes  il  strongly,  believes  that  it  also  increases  the  percenU 
of  vomiting  and  of  bladder  paresis. 

The  combined  action  of  morphin  or  scopolamin  with  the  hydrocarbon  UArootics 
far  more  than  simple  addition  (Knell,  itjo?;  Hituckuld,  igio;  Lindcmann,  iQio;  Hai 
mcrschmidt,  1910).  Madclung,  1910,  and  Kappaport,  igii,  find  that  one-half  to  ti 
thirds  of  the  ordinary'  concentration  of  anesthetics  sufBces.  Bucrci,  iQit,  propa 
a  receptor  theory  in  explanation;  but  this  is  not  generally  accepted.  Fuehner,  icM 
found  that  the  lipolytic  narcotics  change  the  lipoid  ^lubUity  of  morphin,  and  thus 
sumably  favor  it5  penetration  and  action. 

Siopohmin  alone  dues  not  reduce  the  coriLentration  of  chloroform  or  ether  requii 
for  light  anesthesia,  hut  lessens  somewhat  that  for  deep  anesthesia,     5>copolamin  ar 
morphin  together  resemble  morphin;  except  that  they  do  not  increase  the  zone  of  safety^ 
The  anesthesia  is  deeper,  however;  and  this  may  be  practically  important  (LudeH>| 
'O'.?;  Jochmann,  1914). 

Bromids. — These  give  practically  only  simple  summation  with  morphin  or  theal 
phatic  narcotics  (Klammer.  igt^). 

Stryrliniu  (i  to  i  mg.  t»,„  to  l^o  P".)  has  been  suggested  when  respiratory  failurci 
feared  (Futhergilli.     Its  uscfulne&s  is  doubtful 

CfKainUation  of  tiu  na^al  mucosa  has  been  employed  to  avoid  the  trigeminal  v»(i 
reflex. 

PREPARATION  OF  PATIENT  FOR  ANESTHESIA 

The  patient  usually  receive?  u  cathartic  (castor  oil)  twenty-four  or  thirty-sixhoi 
bbforc  the  operation,  and  an  enema  on  the  morning.  An  inter\'al  of  at  least  five  hooft 
should  have  elapsed  since  the  last  meal,  which  should  not  have  been  loo  heavy.  Tlie* 
prec-autions  arc  to  prevent  the  discharge  of  the  contents  of  the  alimentar>'  canal  durinf 
tlie  anesthesia.  He  should  be  carefully  examined  for  cardiac,  renal  and  pulmonin^ 
disease.  He  should  then  l)e  placed  in  such  a  position  as  to  interfere  to  the  smalbt 
possible  extent  with  respiration;  the  head  preferably  low  and  turned  to  the  side.  "Hie 
clothing  should  be  loosened  and  all  foreign  bodies — false  teeth,  etc  remo%Td  from  tf>e 
mouth. 

To  prevetil  the  local  acthn  of  the  anesthetic  on  the  face,  it  is  welt  to  anoint  the  rmmtli 
.  nd  nose  with  petrolatum.     Care  should  be  taken  to  have  the  patient  close  his  eye 

THE    ADMINISTRATION  OF  ANESTHETICS 

Inhalation  is  superior  to  all  other  methods  in  the  convenience  of  its  application. niui 
in  the  facility  with  which  the  depth  of  anesthesia  can  be  regulated  to  suit  the  nefdsrf 
the  moment.  It  must  be  remembered  that  this  depends  solely  on  the  concenlratioti of 
the  anesthetic  vapor.  This  could  be  regulated  either  by  using  exactly  dosed  miitu!» 
of  anesthetic  and  air,  or  more  simply,  and  on  the  whole  more  efficiently,  by  waldriag 
closely  the  condition  «f  the  patient.  The  response  of  the  respiration,  pupils  and  other 
reflexes  to  changes  in  the  concentration  of  the  vapor  must  be  studied.  The  conccntn 
tion  can  be  increased  either  by  pouring  the  anesthetic  more  rapidly;  by  appbing  the 
mask  closer  to  the  face;  or  by  limiting  tlie  supply  of  air.  Witn  cither  anesthetic  thf 
mask  should  at  first  be  kept  fairly  away  from  tnc  mouth,  until  some  narcotic  cff<cl  is 
obtained,  to  lessen  the  feeling  of  choking  from  the  concentrated  vapor.  The  pnW'l 
should  be  encouraged  to  breathe  quietly  and  regularly.  Counting  is  a  good  expedient 
for  this  purpose,  ff  the  fialicnt  holds  his  breath,  struggles  or  coughs  during  the  indiK- 
tion  of  the  anesthesia,  the  concentration  should  be  reduced,  never  increased  Rip*"! 
and  deep  breathing  lessens  the  concentration  of  the  anesthetic  by  dilution  and  cooling. 
Slow  and  shallow  breathing  gives  more  concentrated  vapor.  Wanning  the  ancslbetic 
liquid  also  increases  its  evaporation  and  concentration  (Snow). 

Management  during  Recover7  from  Anesthesia. — The  patient  should  not  bt  IHt 
until  he  is  fairly  conscious,  since  vomiting,  inspiration  of  mucus,  etc.,  might  cauM*** 
phyxia.  No  nourishment  should  be  given  for  at  least  four  hours.  H  vomiting  isptf* 
sistent,  a  tumbler  of  hot  water,  with  a  teaspoon  of  bicarbonate  may  be  given.  Recovery 
is  usually  more  speedy  and  sjitisfactory  if  the  patient  is  placed  on  his  side. 

Special  apparatus  for  supplying  measured  concentrations  can  be  oons' 
(Dreser,  1896;  Geppcrt,  1899;  Kionka,  1895  and  1899;  Kochmann,  191J;  Jackson. 
ejtc),  but  they  arc  complicated  and  cumbersome.  (A  simple  form  is  thai  of 
Harcourt,  Suppl.  Brit.  Med.  Jour.,  1903,  p.  14.V)  Another  objection  to  standa 
mixtures  is  the  slowness  with  which  they  produce  anesthesia.  It  is  certain  that  mudL, 
stronger  mixtures  may  be  borne  for  a  short  lime,  and  arc  quite  safe  in  starting  li* 
anesthetic. 
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Itegulation  of  Anesthesia. — Most  important  is  the  fact  that  no  me- 
chanical device  can  replace  the  sense  of  responsibih'ty.  tije  constant 
watchfulness,  and  the  quick  reasoning  of  the  experienced  anesthetist. 
Anesthetization  is  not  a  physical  exi)erimcnt  where  the  factors  can  all  be 
Foreseen,  but  ihe  condition  of  the  patient  is  apt  to  vary  from  moment  to 
moment,  and  must  be  taken  into  account.  The  state  of  the  respiration 
must  be  carefully  watched:  if  the  patient  holds  his  breath,  the  mask  must 
be  held  farther  away,  since  the  next  respiration  will  be  an  especially  deep 
one.  When  the  respiration  becomes  slow  and  shallow,  this  signifies  that 
a  sufficient  amount  has  been  taken,  and  thai  the  quantity  may  be  lessened. 
The  aim  Ls  to  give  no  more  than  is  necessary  just  to  keep  the  patient 
anesthetized.  On  the  other  hand,  care  must  be  taken  to  keep  him 
thoroughly  under  the  influence,  for  excitement,  struggling,  stoppage  of 
respiration,  shock  and  overdosage  are  much  more  common  under  partial 
or  uneven  anesthesia.  Since  the  respiration  and  circulation  react  one 
upon  the  other,  so  that  no  change  could  occur  in  the  latter  without  being 
noticed  in  the  former,  and  since  most  accidents  occur  from  stoppage  of 
the  respiration,  it  may  be  sufficient  to  watch  this  alone,  as  is  advised  by 
some.  But  as  it  is  of  the  highest  importance  to  discover  beginning  failure 
of  the  one  or  the  other  at  the  earliest  possible  moment,  the  anesthetist 
can  not  be  considered  as  doing  his  duty  unless  he  carefully  observes  both. 
The  argument  that  watching  the  circulation  distracts  the  attention  from 
the  respiration  should  not  hold:  the  anesthetist  must  learn  to  keep  his 
attention  fixed  upon  both. 

Closed  and  Open  Methods  of  Administration. — ^The  anesthetics  may 
be  administered  with  (ojx'nj  or  without  (closed)  free  access  of  air.  In  the 
dosed  methods,  the  patient  rebreathes  more  or  less  from  a  permanent 
mixture  of  vapor  through  a  fairly  air-tight  mask  or  cone.  In  the  open 
methods,  he  breathes  air  freely  through  gau;;e  (the  usual  chloroform  mask), 
on  which  the  anesthetic  is  poured.  The  closed  methods  are  more  rapid 
and  economize  the  anesthetic;  but  from  other  standpoints  they  are 
rather  objectionable.  The  open  methods  avoid  the  asphyxial  cfFects,  and 
are  therefore  pleasantcr,  safer,  and  less  subject  to  after-effects  (mucorrhea, 
vomiting,  etc.).  The  ap[>aratus  is  also  simpler  and  more  easDy  sterilized. 
The  open  methods  deserve  preference,  except  for  very  short  operations, 
or  when  rapid  anesthesia  is  important.  The  closed  method,  however,  is 
'  iko  capable  of  reftnemcnts.  Henderson,  1915,  advises  a  closed  method 
W'ith  ether  vapor,  claiming  that  this  is  scarcely  more  unpleasant  than 
nitrous  oxid,  and  produces  less  nausea,  vomiting,  gas  pains,  etc.,  than 
father  methods.  The  skin  should  be  kept  pink,  neither  pale  (acapnia)  nor 
"iusky  (asphyxia). 

^^^nhalaiion  of  Carbon  Dioxi4. — Y.  Henderson  and  Haggard.  lOtS,  advise  post- 
HpKhctic  inhalation  of  uir  containing  1  to  8  per  ceiU.  tension  of  carbon  dioxid.  to 
^Bttiteract  the  general  depression  that  otherwise  persists  for  several  liourji  after  profound 
I  ^^rrincsthesia.  This  expedient  usually  stimulates  ihe  respiration;  and  in  this  manner 
l^romotcs  the  more  rapid  elimination  of  the  ether.  The  blood  pressure  is  restored 
fore  promptly,  and  the  patient  is  said  to  be  practically  normal  in  half  an  hour.  The 
I  ["•yucncv  of  nausea  and  vomiting  also  appears  to  be  diminished;  and  the  originators 
■Ipve  that  gas  pains  and  intestinal  atony  are  prevented.  On  the  other  hand,  it  must 
^fvbcmbercd  that  these  concentrations  of  carbon  dioxid  may  not  be  harmless. 

Administration  of  Ether  by  the  "Cone"  Method. — A  special  mask  is 
which  admits  only  a  limited  amount  of  air.  About  a  lablespoonful 
ired  in  the  mask,  and  repeated  as  needed.    The  fact  that  the  re- 
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quired  concentration  of  elher  is  much  greater  than  with  chlorofon 
leads  to  the  icmpiation  not  to  admit  sufficient  air,  This  must  be  car 
fully  guarded  against,  or  asphyxia!  symptoms  may  result  simply  from 
deficient  supply  of  oxygen.  Concentrations  of  ether  above  7  per  cent 
irritate  the  mucosa  so  strongly  that  in  imperfect  anesthesia,  they  cauf 
reflex  coughing,  closure  of  the  glottis  and  sufiocation  (Dreser,  1893). 

To  obviate  the  asphyxia  it  has  been  advised  to  admimster  oxygen  with  the  ctl 
(Guy,  Goodall  and  Reid,  191 1);  but  this  is  superfluous,  especially  if  the  drop  mrtl 
is  used. 

Ether  by  the  "Drop"  ("Open"  or  " Perhalation "  Method).— 
avoids  to  a  very  great  extent  the  irritation,  suffocation  and  excitement 
ordinary  ether  anesthesia.     This  advantage  more  than  compensates  I 
the  disadvantages,  the  relative  slowness,  waste  of  ether,  saturation  of  I 
room,  and  refrigeration  of  the  inspired  air.     In  this  method,  the  ether  it] 
dropped  rapidly  (about  150  drops  per  minute),  over  the  entire  surface  of 
an  open  (chloroform)  inhaler,  covered  with  some  eight  layers  of  gauze, 
and  held  an  inch  from  the  face.     If  the  mask  is  closely  applied,  the  vapor 
concentration  may  rise  to  9.3  to  10.8  per  cent.;  never  above  12  per  ccnt,^ 
(The  method  was  originated  by  L.  H.  Prince,  1895.)  ■ 

Danger  of  Open  Lights. — The  vapor  of  ether  being  highly  inflammable  ^ 
and  explosive,  this  anesthetic  should  not  be  used  with  the  actual  caurery 
or  by  an  open  light.  The  flame  may  leap  over  considerable'  distance, 
especially  if  there  are  drafts.  If  the  use  of  an  open  light  is  unavoidable, 
it  should  be  placed  high  above  the  patient,  since  ether  vapor  is  heavier 
than  air.  ! 

Chloroform  is  not  explosive;  but  if  used  with  an  open  light,  it  is  partly 
oxidized  into  phosgen  gas  (COCIj,  carbonyl  chlorid).  chlorin  and  hydro- 
chloric acid,  which  cause  considerable  irritation — cough,  d>'spnea,  collapw 
(Langenbcck,  1888).  Fatality  to  the  spectators  has  been  reported  (sef 
Gerlinger,  1902). 

The  decomposition  of  chloroform  may  be  illustrated  by  the  equatwos: 

4CHCU  +  ^Oj  =  4COCU  +  2H5O  -h  2CI 
COCh  +  H,0  =  CO,  -f  2HCL 

The  inhalation  of  the  burned  chloroform  vapor  by  rabbits  produces  d>'spnea.| 
monary  edema,  and  sometimes  death  (Stobwasscr).     The  toxicity  of  ^hosf^en  waSi ' 
by  R.  Mueller,  iqio:  The  inhalation  by  rats  of  a  0.025  per  tent,  ^umc  vapor 
death  in  twenty  minutes;  half  this  concentration  was  severely  toxic.     Anatooxic  1 
were  found  in  the  lungs,  kidneys,  and  heart. 

Administration  of  Chloroform.^ This  is  dropped  on  a  few  layers  ofi 
gauze,  supported  by  a  frame,  and  held  some  little  distance  from  the  face. 
The  rate  should  under  no  circumstances  exceed  60  per  minute,  and  usi- 
ally  should  not  be  over  12.  After  the  anesthetic  stage  has  been  inducH 
6  drops  per  minute  will  usually  suffice.  This  is  better  than  to  remove  the 
mask  altogether  and  reapply  it  with  a  larger  dose  when  the  patient  show*] 
signs  of  recovery. 

Self-inhalation  of  Chloroform. — It  is  often  necessary  to  keep  patients  lightly  uad*1 
the  influence  of  an  anesthetic  when  no  skilled  assistant  is  available,  as  in  obcteUkj 
practice.     Here  a  method  suggested  by  Brunton  is  useful: 

The  inside  of  a  tumbler  is  covered  with  blotting-paper.  A  few  drops  of  chlorofctf»i 
are  poured  on,  and  this  is  given  to  the  patient,  with  directions  to  hold  it  an  inch  from  ^] 
mouth  and  inhale.     This  works  automatically,  for  as  the  patient  becomes  narcotivd  vhe 
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y  allows  her  hand  to  drop,  and  so  removes  the  tumbler;  and  as  soon  as  she  be- 
con^icious  and  sensitive  to  pain,  she  will  replace  it. 

;  quantity  of  anesthetic  which  is  required  for  an  ordinar>'  operation  is  very  vari- 
Some  40  cc.  of  chloroform,  or  150  c.c,  of  ether,  by  the  ordinary  method,  or  250 
the  drop  method,  arc  about  the  smallest  quantities  for  an  hour's  anesthesia. 
ne-minate  Anesthesia." — Short  operations  can  be  done  under  the  analgesia  of 
anesthetic  stage:  A  tcaspoonful  of  ether  is  poured  into  tlie  cone,  and  the  patient 
d  to  count  and  lake  deep  inspirations.  The  operation  is  done  as  soon  as  the 
ig  becomes  irregular. 


Methods  of  Administration. — The  anesthetic  may  also  be  ad- 
ed  by  oUicr  methods,  but  these  demand  special  experience,  and 
y  special  apparatus,  and  therefore  have  a  more  limited  field, 
iperations  about  the  face,  the  anesthetic  may  be  inhaled  through 
caOictcr:  in  operations  on  the  thorax,  it  may  be  administered  by 
1  insufflation. 

ncheal  Insufflation.— The  insufflation  of  air  passed  over  the  anesthetic  has 
uprated  ex|>erimentally  by  Oilhens  and  Meltzer,  1913.  It  eliminates  respira- 
">'sis  as  a  fatal  factor.  Ether  is  especially  safe:  Excessive  doses  lirst  stop  the 
us  respiration,  but  this  is  inunaterial  since  the  insufHation  constitutes  an 
rtificial  respiration.  The  blood  pressure  declines  very  slowly,  and  recovery  is 
Surin^  an  hour  after  the  respiration  is  arrested,  by  simply  stopping  the  ether. 
■oform,  the  respiration  and  circulation  fail  together,  so  that  there  is  no  reliable 
n,  and  the  zone  of  safety  is  much  narrower. 


I 


Uul  insufflation  presents  various  dangers  (George,  19x7). 
ifmryngeai  Insuffiatiou. — In  this,  the  ether  is  driven  by  bellows  through  a  nasal 
usually  after  anesthesia  has  been  induced  by  the  open  method.  It  is  about  as 
kd  safe  a'i  the  open  method  (Bcvan,  1915). 

1  insufflation  ot  the  warmed  ether  vapor  is  especially  useful  in  opterations  about 
[;  it  also  avoids  excitement,  struggling,  and  gastric  disturbance.  It  acts 
ly  (within  six  to  fifteen  minutes)  and  can  be  maintained  indefinitely.  However, 
icorafortable;  the  dosage  is  more  difficuiti  it  is  apt  to  be  followed  by  severe, 
nes  fatal,  irritation  of  the  colon,  with  gas  distention,  colicky  pains  and  bloody 
a  (Cunningham,  1910;  Morel,  1910;  Bevan,  19x5).  The  fatality  is  fairly  high. 
Elkcr-oU  Atieslltcsia. — Operative  anesthesia  may  be  produced  by  the  rectal 
of  a  mixture  of  equal  parts  of  ether  and  oil.  However,  several  fatalities  have 
esumably  because  tne  dosage  has  not  been  satisfactorily  worked  out. 
ous  admmistratioii  of  saline  solutions  of  the  anesthetics  (ether,  ^  per  cent., 
t.  1010,  7.5  per  cent.,  Rood,  iQti;  chloroform,  0.6  percent.,  Giani,  1910}, 
kesthesia;  but  a  priori,  one  would  consider  the  method  both  unsatisfactory 
rous;  and  this  seems  to  agree  with  the  practical  experience  (Tyrode,  1910). 
ity  ojf  Eihtr  in  Normal  Saiine. — This  varies  with  the  temperature  as  follows 
1912): 
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10. 
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injection  of  undiluted  ether  has  also  been  tried.  The  method  is 
painful,  and  dangerous  (see  J. A.M. A.,  191^,  vol.  59,  p.  288,  Guibc.  1913). 
administration  of  an  alcoholic  solution  of  chloroform  is  used  in  animal  cxpcri- 
(.<;cc  index,  "  Grehant    Anesthesia  '*),  but  is  too  uncertain  and  dangerous  for 


CAUSES  OF  DEATH  UNDER  ANESTHESU 

must  be  thoroughly  understood  in  order  that  accidents  may  be 

They  may  therefore  be  recapitulated.     They  differ  according 

lesthetic,  the  stage  of  anesthesia,  the  character  of  the  operations, 
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diseases  of  the  patient,  and  other  conditions.    On  this  account,  the  clinit 
accidents  are  rather  different  from  the  usual  laboratory  experiments. 

Death  not  Always  I>ue  to  Anesthetic.  —I  t  is  incorrect  to  attribute  ever>'  death  upon 
the  oneraling  table  to  the  effects  of  ihe  anesthetic;  for  patients  died  upon  the  table  wbcn 
anestnelics  were  yet  unknown. 

One  such  case  was  of  considerable  importance  in  the  history  of  anesthesia.  When 
Simp«>n  was  about  to  try  chloroform  on  a  patient  for  the  first  time,  the  orderly  who  was 
carr>nng  the  bottle  fell  and  spilled  the  chloroform.  No  other  bein^  obtainable  Simpson 
proceeded  to  the  operation,  which  was  for  hernia,  without  anesthesia.  The  patient  diol 
with  the  fir?t  cut.  Had  the  chloroform  been  given  in  this  case  and  the  same  accidcnl 
had  happened,  its  introduction  into  practice  might  have  suffered  a  long  delay.  Otiicr 
similar  cases  are  not  unknown:  A  patient  was  to  be  operated  and  demanded  chloro- 
form. His  condition,  however,  was  so  low  that  the  surgeon  feared  to  grant  his  insK 
and  to  calm  him  held  a  cloth  -unlhout  chloroform  before  his  face.     Scarcely  had  ihc 

?atient  made  four  inhalations — of  air — when  he  was  dead.  In  preanesthetic  days,  thf 
rench  surgeon  Desault  drew  his  fingernail  over  the  perineum  of  a  patient  (o  maric  xbt 
line  of  incision,  when  the  patient  suddenly  gave  a  cry  and  was  dead.  And  many  sirr.i 
lar  cases  of  sudden  death  from  the  violent  mental  impression  might  be  mentioned,  bcskk> 
deaths  undoubtedly  due  to  traumatic  shock.  Even  at  the  present  day  patients  ofuri 
exhibit  *' psychic  shock"  when  operated  under  local  anesthesia,  s*i  that  it  is  a  gtneral 
practice  to  precede  this  bv  morpnin  (Strassmann,  i8g8). 

It  is  true  that  the  public  nowadays  has  largely  lost  the  great  fear  for  operations  and 
that  anesthetics  lessen  the  danger  of  traumatic  shock.  But  neither  is  excluded,  ud 
there  is  no  doubt  thai  many  deaths  attributed  to  anesthetics  have  their  cause  elsewhere 

State  of  Patient. — Healthy,  vigorous  patients  are  not  the  safest  risks  in  ancstbeHi. 
but  rather  the  relatively  feeble  and  phlegmatic;  These  are  less  subject  to  excitement, 
struggling  and  muscular  obstruction  of  respiration,  and  they  require  less  aneathetic 
Nervous,  apprehensive  patients  and  alcohuUc  subjects  are  always  difficult  to  annthr 
tize.  **Staltts  lympfuitUus'^  and  Gravrs'  disease  predispose  to  acute  circulator)-  faililPt 
from  trivial  causes,  fright,  excitement,  etc.  Respiratory  t'atjrr/i  tends  to  ohstructiao ot 
respiration  by  mucus,  especially  if  ether  is  used.  Acute  pulmonary  diseases  dispow 
to  &sph>*xia;  advanced  heart  disease  to  circulatory  failure 

Death  During  the  Induction  of  Anesthesia. — This  is  common  vii^ 
chloroform,  rarer  with  ether.  The  usual  sequence  of  events  is  suddtn 
suspension  of  the  respiration  from  acapnia  or  muscular  spasm;  theasphyii* 
leads  to  cardiac  dilation,  vagus  stimulation,  and  finally  asphyxJal  fa^ure 
of  the  heart.  The  failure  is  especially  rapid  with  chloroform,  because  this 
adds  the  direct  cardiac  action  of  the  drug.  In  light  chloroform  narcosis, 
the  cardiac  muscle  is  hyperexcitable;  and  any  excitement  is  apt  to  induct 
ventricular  iibriUation  and  death  (G.  Levy,  1913;  this  excitability  di5ap' 
pears  in  deep  anesthesia).  The  respiration  may  resume  temporarily 
after  the  heart  has  stopped,  but  the  heart  itself  can  not  usually  be  revive! 
Failure  of  the  circulation  therefore  commonly  precedes  the  final  arrest  ^ 
respiration  and  is  the  real  cause  of  death. 

In  the  case  of  ether,  similar  fatalities  arc  rarer,  but  may  occur  eiriy 
or  somewhat  later — in  either  case  due  to  faulty  administration  during  ii>* 
complete  anesthesia.  The  error  may  have  been  committed  an  hour  bcfoff 
actual  death:  In  light  ether  anesthesia,  the  excitability  of  the  rcspiraioty 
center  is  increased.  If  this  state  is  prolonged  by  excessively  slow,  incoffl* 
plete  or  intermittent  anesthesia  (/./.,  in  throat  operations),  acapni* 
results.  When  the  anesthesia  deepens  and  the  center  becomes  depressed, 
the  acapnia  (deficiency  of  CO2)  leads  to  arrest  of  respiration  and  injwJi 
to  the  heart  (Henderson,  ign). 

Stoppage  of  respiration  by  ether  is  less  dangerous,  because  the  mortj 
vigorous  heart  generally  beats  until  the  respiration  has  resumed, 
perimentally,  the  heart  may  also  be  stopped  reflexly  by  \'agus  stimulati 
but  clinically  this  seems  to  be  exceptional.     In  any  case,  the  phenonx 
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occur  with  little  warning.     The  dangew  signs  are  sudden  dilation  of  the 
pupils,  pallor,  and  change  of  facial  expression. 

Too  high  concentration  of  the  vapor  is  the  immediate  cause  of  these 
actions.  Fright,  excitement,  struggling,  irregular  respiration  and  idio- 
s>'ncrasy  are  contributing  factors.  Crying  in  children  is  especially  dan- 
gerous. These  accidents  are  avoided  by  beginning  the  administration 
with  very  dilute  vapor,  and  increasing  the  concentration  gradually. 
Moqihin  helps  to  prevent  acaf)nia  and  fear.  Atropin  eliminates  the  vagus 
reflex. 

Death  in  deep  anesthesia  is  usually  due  to  paralysis  of  respiration, 
generally  with  more  or  less  involvement  of  the  circulation.  With  ether, 
the  circulation  is  usually  fairly  good  when  the  respiration  stops.  The 
arrest  may  be  due  to  exaggerated  response  to  inhibitory  reflexes,  especially 
from  the  vagus  or  superior  laryngeal  (Mann). 

With  chloroform^  there  is  a  progressive  fall  of  blood  pressure,  then  fail- 
ure of  the  respiration,  and  finally  cessation  of  the  heart;  but  the  pulse  is 
generally  imperceptible  before  the  respiration  stops.  These  late  accidents 
are  caused  by  maintaining  the  concentration  of  the  vapor  too  high;  and 
since  the  paralytic  phenomena  develop  gradually,  with  ample  warning, 
these  deaths  are  generally  due  to  inexperience  of  the  anesthetist.  The 
danger  signals  arc:  increasingly  shallow  or  irregular  respiration;  very  slow 
or  very  rapid  pulse;  cyanosis;  dilation  of  pupil.  These  accidents  may  be 
avoided  by  carefully  watching  for  these  signs,  by  maintaining  the  anes- 
thesia evenly  (see  '^Report  of  Anesthesia  Committee/'  J.A.M.A.,  1912, 
vol.  58,  p.  1908),  and  no  deeper  than  complete  muscular  relaxation  and 
absence  of  the  sensitive  reflexes. 

The  autopsy  in  acute  cihloroform  or  ether  deaths  shows  nothing  beyond  the  ordinary 
pheaomena  of  death  by  asphyxia — heart  distended,  veins  coDKesled,  etc. 

POISOCONG  BY  SWALLOWING  CHLOROFORM 

This  usually  produces  immediate  vomiting  and  sometimes  defecation,  followed 
h>'  narcosis  (Schoenhof,  1914}.  The  acutely /ato/  dose  is  not  known;  an  ounce  or  more 
*ou!d  be  JanKcrous.  Retovery  may  be  succeeded  by  fatal  gastritis  or  icterus  and  the 
Wther  phenomena  of  late  chloroform  poisoning.  The  treatment  would  be  as  for  inhala- 
tion.    Gastric  lavage  with  oil  has  been  advised  (Wirth,  1909). 

TREATMENT  OF  ACCmENTS 

Blinor  Accidents. — The  ivngue  may  fall  back  and  interfere  with  respiration,  as 
denoted  by  noi<^y  breathing.  If  this  occurs,  *' place  the  index  finger  of  each  hand  upon 
•he  corresponding  cornua  of  the  hyoid  bone,  while  the  middle  fingers  rest  upon  the  angle 
<rf  the  jaw.  and  thenpress  forward  and  upward,  the  same  force  serving  to  extend  the  hend 
?Pon  the  neck;  if  this  fails  to  open  the  glottis,  by  means  of  a  tenaculum,  thrust  far  back 
^to  the  base  of  the  tongue,  draw  it  forward"  (H.  C.  Wood). 

If  much  mucus  accumulates,  it  should  be  removed  with  a  cloth  (Mayor  suggests  the 
<JentaI  saliva  siphon). 

Serious  Accid^ts. — These  should  be  treated  with  the  first  warning  of 

Viger:  The  anesthetic  should  be  stopped  at  once.     The  head  of  the 

itient  should  be  lowered  to  give  the  medullary  centers  and  heart  the  full 

mefit  of  any  remaining  circulation.     A  few  rhythmic  compressions  of  the 

^igaslrium  may  be  tried,  but  if  these  do  not  succeed  quickly,  artificial 

ipiration  by  any  of  the  methods  should  be  begun  at  once.     This  pre- 

'nts  asphyxia  and  eliminates  the  poison.     The  cardiac  region  should  also 

compressed  strongly  at  the  rate  of  40  times  per  minute,  since  this  aids 

*.  action  of  the  heart  and  supplies  a  mechanical  stimulus.    A  liter  of 
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saline  solution,  and  1  c.c.  of  i :  1,000  solution  of  epinephrin  may  be 
same  time  injected  into  the  cardiac  end  of  an  arter>'.     The  combination 
of  these  measures  often  succeeds  when  the  heart  has  actually  stop 
beating  (Crile  and  Dolley).     The  chances  of  success  are  proportional 
the  promptness  with  which  they  are  applied,     Gunn  and  Martin,  i<j 
recommend  the  combination  of  intrapcricardial  injection  of  epinephr 
with  cardiac  massage.     This  is  generally  successful  even  when  the  heart 
is  arrested  and  either  measure  alone  would  fail. 


Lioo 
irun 


Of  drngSt  strychnin,  or  caffcin,  by  virtue  of  the  stimulation  of  the  resoiratory  loJ 
vasomotor  centers,  are  useful  if  given  in  time — i.e.,  while  they  may  still  dc  absorM 
DigitaliA  is  too  slow  in  its  action.  Oxygen  is  of  uncertain  advantaRc.  Rf.fiex  stimda 
Hon  by  the  inhalation  of  ammonia  is  sometimes  remarkably  effective;  as  is  sciatic  slici' 
ulaLion.  Hypodermic  injections  of  rJhcr  vhich  have  been  used  in  man,  might  be  suppo«tl 
to  act  in  the  same  manner.  But  clinical  obscr\'cr>  condemn  ihcir  use.  and  experi- 
ments on  animals  show  that  the  stimulus  is  too  weak  to  produce  much  effect,  '-'t 
the  other  hand,  it  would  tend  to  deepen  the  narcosis.  The  administration  of  bramij" 
or  nitrof^Iycerin  is  similarly  uscles.s,  tnmigh  not  quite  as  harmful.  Fnnidizaiion  oi  th« 
phrenic  nerve  or  of  the  heart  has  also  been  advocated,  but  appears  to  be  prompted  morr 
by  the  desires  to  do  something  than  by  any  rational  \iew  of  the  object  to  oe  acoim- 
piishcd.  Stimulation  of  the  phrenic,  to  be  sure,  causes  contraction  of  the  diaphngtn 
and  inspiration,  and  if  done  intermittently,  would  take  the  place  of  artificial  rcspiratiBB- 
But  it  pos;*es5es  no  advantage  over  the  latter,  and  besides  the  fact  that  the  time  tcotliRd 
to  adjust  the  apparatus  might  be  much  better  utilized,  there  is  apt  to  be  stiixiulatioD^ 
the  vagus — a  must  undesirable  feature. 

With  regard  to  faradization  of  the  heart,  there  is  no  more  effectual  way  knntniof 
killing  this  organ  than  electric  stimulation  (by  the  production  of  delirium  cordtsi,  und 
the  only  reason  why  more  harm  has  not  been  done  by  this  senseless  procedure  is  tliat  the 
electricity,  as  it  is  ordinarily  applied,  does  not  penetrate  thrnugh  the  chest  walls. 

Eptnephiin  In  Light  Chloroform  TiArcosiE. — While  epinenhrin  may  be  vcr>*  valu»bk 
in  deep  narcosis,  it  is  apt  to  cause  dangerous  arrhythmia  in  light  chloroform  anestbek. 
This  may  be  prex-enled  by  atropin,  or  section  of  the  vagi;  but  if  the  arrhythmia  las 
already  started,  atropin  only  adas  to  the  danger  (\obcl  and  Rothberger,  I9i4). 

IDIOSYWCRASY 

This  doubtless  occurs,  in  analogy  to  alcohol;  however,  the  actual  con- 
centration of  ether  required  to  induce  and  maintain  anesthesia  is  about 
the  same,  whether  the  patient  is  refractory  or  otherwise  (Boothby,  1914)- 
The  great  practical  difference  in  the  reaction  of  patients  consist  mainly 
in  the  manner  of  "  taking*'  the  anesthetic.  They  are  therefore  most  ojd- 
spicuous  in  the  induction  of  anesthesia,  which  is  for  instance  peculiarly 
diflScult  in  alcoholic  patients.  (Boothby,  1913,  attributes  their  resistance 
to  deep  breathing,  blowing  the  ether  off  the  mask.)  Morphinists  ir* 
said  to  be  relatively  insusceptible.  Patients  with  Graves'  disease  may 
react  badly,     A  patient  may  tolerate  one  anesthetic  better  than  anothcr- 

After  the  anesthesia  is  established,  there  is  but  little  evidence  d 
"peculiar''  reactions,  except  such  as  may  be  foreseen  in  heart  disttsc- 
Falal  accidents  should  therefore  not  be  lightly  ascribed  to  idiosjiicrajy. 
The  postanesthetic  toxemias,  however,  are  undoubtedly  influenced  by  the 
disposition  of  the  patient. 

Mansfeld  C1Q05)  claims  that  sttrved  aninuils  are  much  more  susceptible  to 
paraldehyd,  and  morphin,  but  not  to  alcohol,  amylcn  hydrate,  or  urettianc. 

IMPURITIES 

The  impurities  which  may  occur  in  ether  and  chloroform  mainly 
decomposition,  are  rather  unimportant.  They  contribute  to  the  i( 
irritation,  but  probably  not  to  the  dangerous  effects.    Chloroform  fat 
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E^^Sm  to  be  as  frequent  with  the  '*pure"  chloroform  as  with  that  not 
specially  treated. 

Henderson,  1914,  considers  poor  ether  as  more  excitant,  disposing  to 
acapnia. 

The  impurities  of  ether  arc  due  to  the  presence  of  moisture,  which  leads  to  complex 
oxidations.  Among  the  products  arc  hydrogen  pcroxid.  and  most  commonly  the  irritant 
aldehyd.  Bruns,  1895.  concluded  from  clinical  obscrx'ation  that  the  ether  impurities 
ire  mainly  responsible  for  the  bronchitis  (R.  B.  Smith,  iqi.i).  Eiiier  should  therefore 
hf  anhydrous  J  and  stored  in  sealed  tin  rontainrrs.  Partly  filled  glass  botllcs  arc  especially 
detrimental  (Baskerville.  igii.  iQir). 

The  impurities  of  chloroform  arc  also  due  to  oxidation,  accelerated  by  liRht  and  acids. 
The  products  vary  with  the  conditions.  The  most  constant  arc  the  irritant  phosgen 
(carbonyl  chlorid)  and  hydrochloric  acid.  Chloroform  should  be  preserved  in  sealedf 
iark  gla.is  bottles  and  should  contain  i  per  cent,  of  alcohol,  which  acts  as  a  reducing 
substance. 

ORIGm  OF  CHLOROFORM 

It  has  been  claimed  that  the  effects  of  chloroform  differ  somewhat  according  to 
whether  it  is  prepared  from  acetone  ur  alcohol.  Wade  showed  thai  the  acetone  product 
M  purer;  the  alcohol  product  contains  a  little  ethyl  chlorid,  which  might  increase  the 
anesthetic  effects  (Regnault.  iQot)).  Hewitt,  however,  could  discover  no  difference  in 
the  immediate  or  afttr-cfTects.  Hale,  iQi-;,  also  could  delect  no  constant  difference 
in  the  fatal  concentration  for  mice  and  fish,  for  chloroform  samples  of  different  age 
nod  origin. 

INDUCTION  OF  ANESTHESIA  DURING  SLEEP 

lis  question  is  of  w>nie  medico-legal  ini(KirlaiiLc.     Cises  are  reported,  but  it  must 
be  difficult,  and  consequently  rare.     False  accusations  of  cnminal  assault  arc  often 
on  the  mental  confusion  of  the  patient  while  in  the  induction  stage. 


^Wiot 
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RELATED  AITOSTHETICS 


le  production  of  narcosis  is  a  universal  action  of  all  members  of  the 
aMphatic  scries  which  are  fat-solvents,  and  which  are  absorbable  into  the 
tissues.  Accordingly,  a  large  number  of  the  more  volatile  ''lipophilic" 
hydrocarbons  may  be  used  to  produce  anesthesia;  whilst  the  less  volatile 
are  employed  as  *' hypnotics,'*  to  produce  sleep. 

Ethyl  Chlorid. — This  is  the  only  one  of  the  related  anesthetics  which  is  practically 
useful.  On  account  of  its  great  volatility,  the  anesthesia  appears  and  disappears  very 
promptly,  and  Ls  therefore  especially  adapted  for  minor  surgery.  It  has  the  same 
^^fcrs  of  chloroform:  Relatively  small  doses  may  cause  sudden  stoppage  of  the  heart, 
though  less  frequently  than  chloroform.  Larger  doses  paralyze  the  heart-muscle 
(lirtwly;  and  are  even  more  dangerous  than  chloroform,  because  of  the  extreme  sudden- 
iH»»nd  rather  indefinite  signals  (E.  D.  Brown  and  Large,  1905;  Embley,  1906;  Maas, 
1907;  Wood,  igio;  Seifert,  Nebenwirk,,  1915,  p.  36V 

Its  main  aJiuintages  consist  in  the  rapidity  with  which  anesthesia  is  induced;  in  the 
ooDicquent  absence  of  struggling,  excitement,  and  unpleasant  sensation;  in  the  very 
P'Wtipt  and  complete  recovery.  Its  administration  is  often  followed  by  headache. 
•■UBtt,  vomiting,  and  sometimes  collapse.  The  muscular  relaxation  and  abolition  of 
^xa  arc  incomplete,  and  a  Httlc  e.*cperience  is  required  to  recognize  the  proper  time 
fcf  operating.     It  has  occasionally  failed  in  alcoholic  patients. 

It  may  be  administered  by  spraying  it  on  a  chloroform  mask.  This  method  is  so 
^uteful  that  a  special  mask  is  to  be  preferred,  allowing  its  administration  in  gas  form, 
*ad  restricting  the  admission  of  air.     It  has  also  been  used  by  pouring  a  small  amount 

I   ^Ui  a  closed  mask.    These  methods  utilize  a  partial  asphyxia;  they  consume  from  5  to 

OU^.  for  short  operations  (Large,  1906). 

^Hldministcring  ethyl   chlorid   by  his  special  closed-circulation  apparatus,   D.   K. 

^BboQ,  1916,  finds  its  effects  to  be  intermediate  between  nitrous  oxid  and  ether. 

■      The  concentration  of  ethyl  chlorid  in  the  blood  and  tissues  during  narcosis  has  been 
iBvcstigalcd  by  Camus  and  Nicloux,  1908;  and  E.  Frey.  1912. 
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The  main  use  of  ethyl  chloric!  is  for  local  anesthesia,  freezing  the  tissue 
by  a  fine  spray  of  the  liquid;  the  tube  being  held  about  3  feet  away.  The 
impossibility  of  dissecting  the  frozen  tissues  restricts  its  use  to  sim] 
incisions  (opening  boils) ;  the  analgesia  is  imperfect,  and  the  thawing  rath< 
painful. 

Ethyl  Bromid  and  Ethyl  lodid. — These  resemble  ethyl  chlorid  closely,  differing  or 
quantitatively,  according  to  their  volatility  (Weber,  iqo(>).  The  more  common  cth} 
bromid  is  used  for  short  anesthesia  or  rather  analgesia.  It  must  not  be  pushed  to  tl 
disappearance  of  reflexes,  since  the  respiration  is  paralyzed  about  the  same  time.  Tl 
zone  of  safety  is  therefore  vcr>'  narrow.  Pain  is  abolished  J>eforc  consciousness, 
the  operation  must  be  made  before  consciousness  is  entirely  gone.  The  proper  tii 
for  operating  is  somewhat  difBcult  to  choose,  and  the  drug  is  vcr>''  dangerous  in  ui 
skilled  hands.  With  experience,  the  danger  seems  to  be  slight.  The  proper  amoui 
(for  adulu,  8  ex.;  for  children  not  more  than  i  ex.  per  year)  is  (xiuredon  a  toldcd  tov 
or  cone,  and  administered  to  the  exclusion  of  air,  until  the  prpoer  degree  of  anej-tht 
is  reached.  It  is  then  removed.  It  is  only  suitable  for  short  operations  (lonsillotDuiy, 
etc.).  The  administration  requires  twenty  to  forty  seconds;  the  anesthesia  lasts  aboul 
two  minutes.     Recovery  occurs  at  once. 

After  a  bottle  has  been  opened,  the  contents  can  not  be  used  again,  as  they  deteri-i 
orate  rapidly.     The  drug  must  not  be  confused  with  ElhyUn  bromid  (CtHiBri),  whidir 
very  poisonous. 

Bromoform  (CHBr,t)  is  not  sufficiently  volatile  to  be  of  use  as  an  anesthetic.    Uitt| 
employed  as  an  antispasmodic  in  whooping  cough,  but  is  of  very  doubtful  value  (of 
C.C.-3  minims,  dropped  on  sugar.     Practically  insoluble  in  water,  soluble  in  alcohol). 

Carbon  tetrachlorid  ("Tetra,"  CCl*)  is  used  as  a  non-explosive  fat  solvent,  uk) 
for  dr>-ing  the  hair  in  shampooing.  The  vajwr  has  given  nsc  to  serious  po'uoaing 
(J.A.M.A.,  1909,  vol.  53,  p.  726).  Waller  and  Vclay,  iooq,  state  that  it  is  more  poisoo 
ous  than  chloroform.  Lehmann,  igii  (who  also  investigated  other  aliphatic  chlonn 
derivatives)  found  the  vapor  narcotic,  but  not  excessively  toxic.  Industrial  poisoniag 
in  rubber  factories  is  described  by  Hamilton,  1915. 

Tetrachlore thane. — This  was  employed  in  the  airplane  industry  as  a  solvent  for«U- 
ulose  acetate,  but  has  been  displaced  largely  by  less  dangerous  solvents.  Its  inhalation 
produced  hepatic  degeneration,  with  symptoms  analogous  to  pho^horus  or  chloroform 
poisoning  (.Vlice  Hamilton,  [gi7,  bibliography). 

Amjl  Acetate  is  also  a  cellulose  solvent.  It  causes  local  irritation,  but  is  not  10 
dangerous  systemically  (Hamilton,  1917). 

Industrial  poisoning  in  rubber  factories  is  described  by  Hamilton,  19x5. 

Carbon  Disulphid  (CSs). — Tlits  very  volatile  fluid  has  a  toxicologic  iroportjuct 
from  its  extensive  use  in  the  arts,  particularly  in  the  rubber  industry  (Stadelnina. 
1896;  A.  Hamilton,  1915). 

Acittf  Poisoning  is  quite  rare  and  produces  effects  similar  to  those  of  chloroform. 

Chronic  Poisoning  is  the  more  common.  The  symptoms  may  not  appear  for  scvtnl 
weeks  and  then  develop  quite  slowly  so  that  several  stages  may  be  distinguUhcd 
The  cflccts  have  a  pathological  basis  in  irritative  changes  throughout  the  body.  Tbc 
symptoms  begin  with  disturbed  sensation  (headache,  formication,  vertigo,  etc.)  ^ 
gastro-intcstinal  catarrh.  In  the  second  stage  there  is  irritabihty,  excitement,  hystfli- 
cal  manifestations,  etc. .and  signsof  marasmus.  The  third  stage  shows  central  parilyti^ 
or  epileptic  features,  and  peripheral  neuritcs.  .AUixia  has  been  reported.  The  roii**" 
mus  is  pronounced.  Degenerative  histologic  changes  are  found  m  blood  (bcmoh'W' 
leucocytosis,  anemia;  no  mcthcmoglobin  formation),  nerve  cells  and  dendrites,  d^'' 
(vacuolization),  kidnej-s.  and  lungs.  Death  docs  not  occur  until  very  late.  (A  nW* 
extensive  description  is  given  on  page  461  of  the  first  edition.) 

The  fluid  or  vapor  causes  conjunctivitis  and  other  local  inflammatory  changes  la  ^ 
eye.  Continuous  exposure,  even  to  small  quantities,  may  produce  a  toxic  bUo4M*> 
similar  to  that  produced  by  tobacco  (Haas  and  Hcim,  191 1). 

PREPARATIONS — ANESTHETICS 

*CtdoToJormum  (Chlorof),  U.S. P.,  B.P.;  Chloroform. — Contains  at  least  99  per  cent 
CHCli;  and  0.6  to  i  per  cent,  of  alcohol.  Heaw  colorless  volatile  liquid;  tx)iUn6oto 
6i*^C.  Characteristic  odor,  sweet  hot  taste.  Not  inflammable.  Slightly  sol.  ianttir 
(1:210);  freely  miscible  with  ale,  eth.  etc.  Dose,  0.3  c.c,  5  minims,  U.S.P.;  &.o6to 
0.3  C.C.,  I  to  s  minims,  B.P.     Maximal  dose,  0.5  c.c,  8  minims. 

•-4^.  Chiorof.,  C.S.P.,  B.P. — A  saturated  watery  solution;  0.^5  pec  cent.,  B-P- 
Used  as  hypnotic  and  flavor.    Dose,  15  ex.,  4  drams  U.S.P. 
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Jnimenium  CHloroformi  (Lin.  Chlorof.)t  U.S.P.— 30  per  cent,  of  Chloroform  in  wap 
oiincnt. 

•/,*«.  Chhrof,,  B.P. — Kqual  parts  of  chloroform  and  camphor  liniment. 
_  *Sp.  Ckhrof,,  U.S.P.,  B.P.--6  per  cent..  U.S.?.;  5  per  cent.,  B.P.     Dose,  a  cc,  30 
inims,  U.S.P.;  0.3  to  1.2  c.c,  5  to  20  minims,  repeated;  single,  a  to  2.$  c.c,  30  to 
>  minims,  B.P. 

iTr.  ChioToJ.  cJ  Morph.  Co.,  B.P.— See  Index.) 

Bromoformum  (Bromof.),  U.S.P.,  CHBfi. — A  heavy  liquid,  resembling  chloroform. 
ightJy  sol.  in  water;  misciblc  with  ale,  chlorof.,  cth.,  and  dxcd  or  volatile  oils.  Slightly 
>latile,  not  inflammable.  Dose,  0.2  c.c.  3  minims,  U.S.P.  (maximal,  0.5  c.c,  8 
inims),  on  sugar  or  dissolved  in  alcohol  and  glycerin.  Used  in  pertussis,  but  probably 
ithout  value.     Side  actions,  Scifert,  Nebenwirk,  1915,  p.  116. 

Carhon  Disulphidum,  B.P.,  CSi. 

\£thcr,  U.S.P. ;  .-Ether  Pur..  B.P.;  Ether  (Sulphuric  Ether).— ConUins  about 
i  j>er  cent,  of  ethyl  orid,  (C»H0iO,  and  about  4  per  cent,  of  alcohol.  Light  volatile 
juid.  Sp.  gr.,  0.713  to  0.716,  U.S.P.;  0.720  B.P.  Boils  at  35°C.  Characteristic 
!or.  Highly  inflammable;  vapors  explosive.  Sol.  in  water  (1:12)  and  in  all  propor- 
Dnsof  ale.  Dose,  t  c.c,  15  minims,  U.S.P.;  i  to  ace,  15  to  30  minims  repeated;  single, 
to  4  c.c.  45  to  60  minims,  B.P. 

Ether  for  anesthesia  is  to  be  dispensed  only  in  small,  well-closed  containers  and  is 
)t  to  be  used  as  an  anesthetic  after  the  original  container  has  been  opened  twenty-four 
>urs. 

•S^rUus  .^keris  (Sp.  ,^thcr.),  U.S.P.,  B.P.  (Hoffmann's  Drops).— 33  per  cent,  in 
cohol.  Dose,  4  c.c,  i  dram,  U.S.P.;  t.a  to  3.5  c.c,  30  to  40  minims  repeated;  single, 
to  6  c.c,  60  to  Qo  minims.  B.P. 

5^.  .&kfTis  Co.,  "Hoffmann's  Anod>*ne,"  is  an  antiquated  preparation  of  about 
>e  same  strength  and  dose  as  the  spiritus,  containing  additional  ethereal  products 
ii^real  oil"). 

^BrAer  Aceticus  {.V.ih.  Acet.),  B.P.,  CsHtCsHiOt. — Dose^  i  to  2  c.c,  15  to  jo  minims, 
iP&tcd;  single,  ^  to  4  cc.  45  to  60  minims,  B.P. 

•.iHkyUs  CMoridum  {.^\hy\.  Chlor.l,  U.S.P.;  £/*>-/  CWor..  B.P.  CMonochlor-cthane), 
'(H|C1. — Colorless,  extremely  volatile  liquid,  of  sharp,  sweet  taste,  and  peculiar  odor, 
ofiammable.  Boiling-point,  iz  to  X3°C.  Sparingly  sol.  in  water,  readily  in  ale.  or 
:th.  Dispensed  in  special  glass  or  metal  tubes.  Used  for  freezing  and  for  general 
mesthesia. 

Ethyl  Bromid,  CiH«Br. — General  properties  resemble  the  preceding.  BoiUng- 
Minl,  38  to  4o*C.  Should  be  protected  from  light  and  heat.  Used  for  short  general 
mesthesia. 
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ALIPHATIC  HYPNOTICS 


leep  is  one  of  the  earlier  phenomena  of  light  narcosis,  and  can  ihere- 
fort  be  induced  by  small  doses  of  any  of  the  aliphatic  narcotics.  With 
|nany  of  these,  however,  the  hypnotic  stage  is  loo  brief,  passes  too  easily 
into  general  anesthesia,  or  is  complicated  by  undesirable  side  actions, 
stimulation,  local  irritation,  etc. 

Desirable  Features. — The  usefulness  of  a  h)T)nolic  depends  upon  the  following  qual- 
'^w:  lus  action  must  be  fairly  prompt  and  lasting,  so  that  the  hypnotic  effect  will  per- 
9^(ur  some  hours.  Very  volatile  or  eWily  decorajwsablc  substances  arc  therefore 
Htadcd.  .V  good  somnifacient  must  produce  the  maximum  hypnotic  action,  with  the 
lEdcprcssion  of  the  medullar)'  centers.  It  must  not  po&sess  an  odor  or  taste  which 
^•^d  preclude  its  employment;  and  it  must  not  irritate  the  stomach.  Preparations 
*liich  are  insoluble  in  water,  but  which  are  nevertheless  absorbed,  are  valuable  because 
^y  are  nearly  ta<iteless.  and  because  their  action  is  apt  to  be  more  lasting.  A  soluble 
Cttopound  which  could  be  used  h>^>odermicaHy  would  be  very  useful,  but  all  the  present 
■Opaatic  narcotics  are  cither  too  irritant  or  insoluble. 

Manner  of  Action. — Small  doses  of  these  drugs  depress  the  sensory 
Jid  intellectual  processes,  so  that  the  perception  of  external  stimuli  is 
wered  (Kracpelin,  iSga).  The  subject  is  therefore  put  into  condition 
vorable  to  natural  sleep.    This  should  be  the  aim  in  their  therapeutic 
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use.  Larger  doses  produce  an  actual  stupor;  and  eventually  coma.  T\ 
stronger  hx'pnotics  (chloral)  also  depress  the  motor  functions.  Of  oth< 
functions,  the  blood  pressure  and  pulse  are  somewhat  lowered,  as  in  natui 
sleep.  The  skin  vessels  are  moderately  dilated.  The  brain  vessels  ai 
also  dilated  (Berczin,  1916).  The  chlorinated  h\'pnotic5  (chloral)  in  larj 
doses,  have  a  direct  depressant  effect  on  the  medullary  centers,  especiall] 
the  respiration;  and  on  the  heart-muscle.  All  the  members  are  hemolyi 
when  added  directly  to  blood  (L.  Herrmann). 

Respiratory  Center. — Cu&bny  and  Licb,  1915,  studied  the  behavior  of  decerebrate 
mbbit&  under  urethanc.     The   other   lipolytic   h>pnotics   presumably  act   similarly. 
They  found  but  liulc  effect  on  ordinary  respiration  fin  iniuct  animals,  the  respiratic 
would  be  diminished  by  the  general  narcosis).     The  respiratory  response  to  redci 
was  also  normal;  the  response  to  oxygen  deprivation  or  COj  was,  however,  lessened 
even  reversed. 

Hypnotic  Response  of  Decerebrated  Rabbits. — Chloral  and  urethane  have  a  mudi 
more  intensive  action  than  in  normal  animals.     Further,  while  normal  animals  ar 
awakened  from  chloral  sleep  by  cocain  or  caffein,  decerebrated  animals  are  not  ai 
cncd.     Tetrahydronaphthylamin  awakens  either  (Morita,  1915). 

Therapeutic  Indications. — Hypnotics  (Soporifics,  Sonanifacienis)  are 
used  to  procure  sleep  in  insomnia,  especially  when  more  physiologic 
measures  (removal  of  the  cause,  etc.)  are  not  applicable.  Their  continued 
use  generally  leads  to  tolerance  and  drug-habits  and  should  be  avoided 
if  possible.  Full  doses  often  produce  acute  poisoning.  Doses  only  large 
enough  lo  induce  sleep  indirectly  by  quieting  the  patient,  are  rarely  dan- 
gerous, and  can  be  used  temporarily  without  apprehension. 

Limitations. — In  the  treatment  of  insomnia  it  must  be  remembered  that  the  drop  a' 
this  cla.ss  act  purely  syraptomatically ;  that  they  soon  lose  their  effect;  that  none  ai  tKfli 
entirely  free  from  objection,  be  it  through  the  tendency  to  the  formation  of  dntj- 
ibit.  through  an  irritant  effect,  or  through  the  danger  of  overdosage.  They  sh<  ' 
icrcfore  t>e  resorted  to  except  in  case  of  necessity.  The  dose  at  the  beginning 
be  very  small — it  must  be  remembered  that  in  many  cases  the  action  of  the  hy] 
itself  need  not  be  very  lasting,  for  sleep  once  induced  tends  of  itself  to  continue. 
this  small  dosage  presents  the  opportunity  of  enlarging  the  dose  when  the  pBUest 
becomes  accustomed  to  it.  When  the  h>T>notics  need  to  be  continued  for  a  long  linw-it 
is  well  to  change  frequently  to  a  hypnotic  of  another  t>pe,  to  return  to  the  first  Utcf' 
This  obviates  to  a  great  extent  the  irritant  effects  and  also  the  difficulty  of  the  pfttieot 
becoming  accustomed  to  the  drug. 

Distribution  of  Hypnotics  in  Brain. — This  has  t>een  investigated  by  Genstcr,  1014 
and  1015;  utilizing  the  hromin  hj-pnotics,  neuronal,  bromural  and  adaUn.  Diuin*; 
the  narcotic  sleep,  the  absolute  quantity  of  bromin  found  in  the  brain  {all  in  onS***^ 
form)  represents  only  about  14  per  cent,  of  the  absorbed  hj'pnotics;  but  the  percefll*^ 
of  bromin  is  alx)ut  1  .H  times  greater  than  that  in  the  remainder  of  the  tissues,  indudli* 
the  blood.  The  i>ercenUge  in  excited  conditions  is  alK)ut  the  same;  so  that  the  Itiw*" 
resistance  of  excitement  to  hypnotics,  as  would  be  expected,  is  due  to  the  altered  nh} 
siolngic  state,  and  not  to  altered  distribution.  The  distribution  is  also  unaffccteo  b; 
injection  of  magnesium,  although  the  physiologic  effects  are  additive. 

Blood  Lipoids. — The  influence  of  continued  administration  of  aliphatic  hypnotic 
was  invcstit:aled  by  Wascr,  1Q15. 

Inflammation. — Chloral,  urethane,  and  presumably  the  other  aliphatic  oafcocks 
inhibit  the  migration  of  leucocytes  from  the  intlamed  frog's  mesentery  (Ikeda,  ipi^K 

Comparison  of  the  Aliphatic  Hypnotics. — Chloral,  the  oldest  membtf 
of  the  grouj),  is  still  the  slandard  by  which  the  numerous  recent  drugs aK 
judged.  Its  principal  disadvantages  are  the  unpleasant  taste  and  gasV^ 
irritation,  if  taken  too  concentrated,  and  the  frequent  formation  of  a  habil. 
The  fear  of  respiratory  and  cardiac  dc*pression  is  probably  unfounded  (ot 
ordinary  doses.  These  disadvantages,  at  most,  apply  mainly  to  Urje  '■ 
doses,  which  arc  rarely  necessary.     For  equivalent  effects,  the  dis&dsii^ 
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of  chloral  are  probably  little  if  any  greater  than  those  of  its  substi- 
s.  On  the  other  hand,  its  therapeutic  efficiency  Is  probably  superior 
nost:  its  action  is  certain,  prompt,  sufficiently  lasting,  and  easily 
luated  by  the  dosage.  The  various  compounds  of  chloral  have  no 
inlage,  since  they  act  only  after  being  transformed  into  chloral. 
Waindications:  Chloral  should  be  used  with  some  caution  in  depression 
le  medullary  centers;  and  in  the  presence  of  vascular,  cardiac,  renal, 
nonary  or  gastric  disease.  Its  efficiency  is  very  slight  against  pain. 
^arMchyd  is  milder  than  chloral,  but  acts  very  promptly,  and  does 
affect  the  respiration  and  heart.  It  is  quite  unpleasant  to  take. 
SrowMfd/  and  tirethatie  act  very  weakly,  and,  like  bromids,  they  are 
ible  only  for  mild  ner\'ous  insomnias. 

iulphonal  atid  trional  are  fairly  powerful,  but  act  very  slowly,  and 
luce  considerable  after-depression;  they  also  irritate  the  kidneys  and 
e  dangerous  cumulative  effects. 

Sarbitol  is  as  effective  as  chloral,  and  has  less  side  actions.  Full  doses 
t  produced  severe  and  fatal  poisoning,  and  therapeutic  doses  may  cause 
ulalive  effects. 

criikal  retUw  of  the  modern  hj-pnotics  U  furnished  by  Orcgor,  IQ^JI-  This  also 
ibes  the  rather  iniiigmficant  clinical  effects  on  blood  pressure  ^Siegfried,  1913). 
omparisioii  with  Other  Groups. — Morphin  is  ordinarily  less  effective  than  chloral^ 
■i  superior  when  insomnia  is  due  to  pain.  Scopolamtn  is  useful  especially  in  psychic 
inia  and  insanity.  Apomorphin  is  said  to  be  superior  in  acute  alcoholism.  Bro- 
*re  the  least  objectionable,  but  arc  effective  only  in  mild  ncr\'ous  cases,  worry,  etc 
omposition  and  Action. — Certain  relations  have  been  found  to  exist  between  the 
lical  sLnicturc  and  action,  although  the  connection  ib  probably  not  a  direct  one,  as 
,ined  in  the  dii*cussion  of  the  narcosis  theories.  The  ethyl  group  and  the  next 
•r  hamologs  seem  to  be  especially  valuable  in  conferring  h>'pnotic  action;  and  these 
he  most  effective  in  the  presence  of  aldehyd  or  ketone  radicals.  Alcohol  radicals 
:cn  the  action,  so  that  glycerin,  f,g.,  is  not  narcotic.  The  compounds  must  resist 
Uion  sufficiently,  in  order  that  their  action  may  be  lasting. 

lole  of  Chlorin. — The  narcotic  cflFcct  is  greatly  enhanced  by  the  introduction  of 
in,  as  shown  by  the  comparison  of  acctaldchyd  and  chloral;  and  by  the  methane 
mtive.s,  the  efficiency  of  which  increases  for  each  additional  chlorin  atom  from  mc- 
c  to  carbon  letrachlorid.  This  peculiar  property  of  the  chlorin  compounds  has  not 
» explained.  Bioz,  1S77,  assumed  the  liberation  of  free  chlorin;  but  there  is  good 
fee  that  this  can  not  occur  (Fracid(.el). 

CHLORAL  HYDRATE 

General  Statement — This  is  the  hydrate  of  trichloraldehyd,  obtained 
the  action  of  chlorin  on  alcohol ; 


CHjCHO 


LnUldehyd 


CCljCHO 


-  Chloral 


yOH 

cci,CH<; 

—  Chloral  hydrmCe 


r 

Hi  discovered  by  Liebig  in  1832,  and  was  introduced  as  a  hypnotic  by 
Ireich  in  i86g.  Morphin  was  the  only  active  hypnotic  known  to  that 
t  Acetaldehyd  is  also  narcotic;  the  entrance  of  chlorin  greatly  in- 
ises  its  efficiency,  but  also  introduces  damaging  effects  on  the  respi- 
on,  heart  and  metabolism,  similar  to  those  of  chloroform, 
fate. — Chloral  is  readily  absorbed  from  all  mucous  membranes.  In 
ly  it  is  mainly  reduced  to  trichloretiiyl  alcohol,  CCU'CHj-OH, 
is  also  hypnotic  but  less  powerful.  This  is  exaeted  by  the  urine, 
and  one-half  to  eighteen  hours,  in  combination  with  glycuronic 
Mcring,   1881),  as  the  non-toxic  trichlorelhyl-glycuronic  acid 
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(urochloralic  or  chloraluric  acid).  This  reduces  Fehling's  solution,  and 
thus  gave  rise  to  the  erroneous  belief  that  chloral  causes  glycosuria,  h 
polarizes  to  the  left,  but  does  not  fermenL  A  true  hj'perglycemia  ma) 
occur  in  profound  narcosis,  analogous  to  chloroform  (Jacobson,  1913J. 

A  small  part  of  the  chloral  is  excreted  unchanged,  and  at  raost  mininuil  traces  as 
inorganic  chlorids  and  chloroform. 

Liebreich*s  Theory. — Liebreich.  i86q,  was  led  to  try  chloral  by  ihc  assumption  thai 
it  would  be  converted  into  chloroform  in  the  organism,  as  It  is  by  alkalies  in  the  test- 
tube: 

Ca.COH  -i-  KOU  ^  CHCl,  -i-  KCOjH 

I  Chlonl  Chlttfo-  Pot. 

I  form  fofaukttt 

The  theory  was  disproved:  The  blood  and  expired  air  contained  no  chloroform,  oral 
most  insignificant  traces  (Nicloux,  1906);  and  the  greater  part  of  the  chloral  is  exciciwl 
in  the  conjugated  form.  Liebreich  also  stated  that  a  fraction  is  excreted  aa  chlorid; 
this  is  contradicted  by  Kast,  1R87. 

Hypnotic  Action  of  Ordinary  Doses  (i  or  2  Gm.  for  man). — These  act 
very  promptly,  producing  drowsiness  in  ten  or  fifteen  minutes,  and  quiet, 
sound  sleep  within  an  hour,  mainly  by  diminishing  attention  to  external 
stimuli.  The  sleep  lasts  at  least  several  hours;  but  the  patient  can  be 
easily  and  completely  aroused,  and  awakens  refreshed,  generally  without 
depressant  after-effects.  The  sleep  is  therefore  strictly  physiologicaL 
Very  exceptionally,  chloral  may  produce  excitement  and  even  delirium. 

Other  Functions. — The  respiration  and  pulse  are  somewhat  slowed  and 
the  blood  pressure  and  temperature  slightly  lowered,  but  little  more  than 
in  ordinary  sleep.  In  respiratory  and  especially  in  circulatory  diseases, 
these  depressant  effects  may  be  somewhat  more  pronounced,  and  may  per- 
haps lead  to  some  cyanosis  with  the  larger  doses.  In  fact,  however, the 
fear  of  respiratory  and  cardiac  depression  is  based  essentially  on  faulty 
deductions  from  animal  experiments.  There  is  no  good  clinical  evidence 
of  cardiac  depression;  while  the  danger  is  greater  in  cardiac  diseases,  it 
has  often  been  given  without  bad  effects  (Cushny,  1914).  The  eipcri- 
mental  evidence  also  indicates  that  the  depressant  dose  is  considerably 
larger  than  the  therapeutic  dose  (Gunn,  1913,  1914). 

Effects  of  Full  Doses. — In  man,  2  or  3  Gm.  of  chloral  produce  very 
deep  sleep;  and  as  the  dosage  is  increased,  this  passes  into  stupor  and  coma, 
with  complete  muscular  relaxation.  The  other  depressant  effects  become 
much  more  important. 

The  depression  of  the  medulla  makes  itself  felt  by  slowing  of  the  ns- 
pirution  and  fall  of  blood  pressure.  The  vasomotor  paralysis  is  so  promi- 
nent that  chloral  is  often  used  in  the  laboratory  to  secure  paralysis  of  this 
center.  The  pulse  is  also  slowed  through  direct  depression  of  the  cardiac 
muscle. 

As  in  the  case  of  chloroform,  it  is  impossible  to  state  to  what  tttent 
the  vasomotor  and  the  cardiac  paralysis  respectively  are  concerned  in  the 
fall  of  blood  pressure.  A  dilatation  of  the  cutaneous  vessels  is  quite  a 
marked  feature  and  may  lead  to  the  appearance  of  skin  eruptions.  Larjcf 
doses  always  cause  a  marked /a//  of  temperature  on  account  of  this  cutane- 
ous v-asodilatation,  coupled  with  the  diminished  production  of  heat  from 
muscular  relaxation  and  probably  lessened  activity  of  the  heat-rcpi- 
lating  centers.  The  temperature  regulation  in  deep  chloral-coma  resem- 
bles that  of  cold-blooded  animals  (SoUraann  and  Hatcher,  igo8).  Injiiid 
doses  death  is  ordinarily  caused  by  paralysis  of  the  respiratory  i 


ALIPHATIC   HYPNOTICS 


697 


although  it  may  lake  place  by  paralysis  of  a  weakened  heart,  just  as  in 
the  case  of  chloroform. 

Respirator?  Effects. — Cushny,  1913,  found  the  respiratory  center  depressed,  in 
deccrcbruttd  raI>biLs.  With  ordinary  doses,  this  depression  was  muftkcd  by  tne  accunau- 
Ution  of  COa,  so  that  the  respirator>*  movements  were  almost  normal;  but  with  larger 
dosc^,  the  depression  predominated,  with  diminution  of  rate  and  depth.  Wieland,  1Q15, 
also  found  the  CO3  trircshold  raised 

Cardiac  Effects. — These  are  similar  to  chloroform.  Applied  to  the  exposed  heart  of 
frogs  or  turtle&,  chloral  produces  progressive  slowing;  diminished  contractility;  lessened 
systole;  and  diastolic  stand.^till.  The  arretted  heart  at  first  responds  easily  to  stimuli, 
but  can  not  be  started  by  atropin.  Further  details  are  described  by  W.  H.  Schultz, 
IQ06.  Similar  depressant  effects  arc  seen  in  the  mammalian  heart  (Bock.  1898;  Gunn, 
iQiS).  The  depressant  concentration  is  at  least  t:  1,000:  the  fatal,  1:4,000.  The 
ox>'gen  consumption  of  the  heart  is  decreased,  but  notas  mucn  as  its  acti\'ity  (Rohde  and 
Ogawa,  191  i). 

Sudden  stoppage  of  the  heart  may  occur  from  relatively  small  doses,  in  cats,  under 
the  influence  of  excitement  (Sollmann,  1908),     This  resembles  some  of  the  human  cases. 

Vagus  Phenomena. — In  rabbits,  doses  loo  smail  to  affect  blood  pressure  or  heart 
rate,  lessen  the  irritability  of  the  heart-muscle,  so  as  to  delay  markedly  the  resumption  of 
the  t>cat  under  continued  vagus  stimulation  (O.  Loewi,  1913).  Similar  phenomena 
occur  in  frogs.    The  acceUraior  m€ckamsm  is  generally  depressed  by  chloral  (Frcdericq, 

Excised  Intestines. — The  movements  are  increased  by  0.05  per  cent.,  diminished 
by  stronger  concentrations.  This  may  be  preceded  by  stimulation.  Later,  there  may 
be  occasional  slow  but  strong  contractions  (Sembdner,  loijt). 

Action  on  Metabolism. — This  consists  in  an  increased  destruction  of  protein,  the 
waste  products  being  excreted  in  a  less  completely  oxidized  condition  than  is  the  cose 
Qorraally. 

The  rin'nr.^cm' is  diminished  during  the  narcosis  (Ginsberg,  191 2),  as  also  the  phenyls- 
pbthalein  output  (Whipple  and  SpMd,  1915).  The  uric  acid  excretion  is  somewhat 
increased  (Abl,  1913). 

The  output  of  nitrogen  and  neutral  sulphur  is  increased;  but  in  distimlion  to  ckloro' 
fopm,  this  is  delayed  for  several  days  after  administration  (Harnack  and  Remcrt2,  1893); 
nor  is  the  disturbance  as  great  as  with  chloroform.  Doses  so  large  as  to  maintain  anes- 
thesia over  twenty-four  hours  may  not  produce  the  characteristic  effects  of  prolonged 
chloroform  administration  on  the  liver  and  kidne>'s,  or  only  occasionally,  and  to  a 
ilighl  degree  (Hopkins,  1912)-  Severe  chloral  coma,  however,  is  followed  by  prolonged 
Anorexia,  marasmus  and  loss  of  weight  (Sollmann  and  Hatcher,  1908).  Lissauer,  1914. 
ilfio  found  changes  in  the  cardiac  ganglia  in  rabbits  (which  are  specially  susceptible). 

The  Local  Action  of  Chloral. — This  is  so  pronounced  as  to  allow  of 
its  use  as  a  rubefacient.  Its  action  on  the  stomach  is  consequently  quite 
prominent,  and  it  must  be  largely  diluted  with  water  before  administra- 
tion; else  it  may  produce  vomiting.  In  any  case,  large  doses  are  apt  to 
show  after-effects,  referable  to  a  gastritis. 

Acute  Chloral  Poisoning. — The  lighter  grades  show  the.  najrcotic  phe- 
nomena, together  with  gastric  irritation  and  vomiting,  sometimes  followed 
by  icterus  and  albuminuria,  skin  lesions,  and  ataxia.     In  severe  cases 
(to  by  **knock-out  drops")  there  is  prompt  collapse,  or  delirium;  pulse 
scarcely  perceptible;  severe  fall  of  temperature;  cyanosis;  dyspnea  or  very 
slow  respiration.     In  fatal  cases,  death  is  rarely  delayed  beyond  five 
burs  and  may  be  almost  immediate.     Fatal  relapses,  after  apparent 
recovery,  have  been  reported  (Purdy,  1889).     Large  doses  (as  in  the  Stro- 
^ttlo^  treatment  of  eclampsia)  may  kill  the  fetus  in  titcro  (Jung,  1914). 
W^T he  fatal  dose  averages  about  10  Gm.,  but  varies  greatly.     Death  has 
'  ftpen  reported  after  i  to  3  Gm.,  and  recovery  after  10  to  28  Gm.  (Lewin). 
Doses  above  s  Gm.  must  be  used  cautiously.     (The  dosage  for  cats  was 
studied  by  Sollmann  and  Hatcher,  1908.) 

The  ircalmtnt  consists  in  gastric  lavage;  emetics  would  often  be  in- 
effective.    The  patient  should  be  kept  warm.     Caffein,  strychnin  and 
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atropin  are  useful.     The  heart  may  be  stimulated  by  hypodermic  injec- 
tions of  camphor.     Artificial  respiration  is  given  as  needed. 

Efficiency  of  Cerebral  SHmularUs. — These  are  of  little  avail  against  toxic  doses. 
Light  chloral  sleep,  however,  is  easily  broken  by  caffein,  cocain  or  tetrahydronaphtliyl- 
amin;  not  by  phenol,  epinephrin  or  pituitary  (Airila,  1913). 

Chronic  Chloral  Poisoning. — Chloral  habit  is  not  induced  as  readily 
as  that  of  morphin  or  alcohol;  but  it  is  not  rare.  It  presents  the  symptoms 
and  degenerations  of  chronic  alcoholism,  with  more  severe  gastric  and 
cutaneous  manifestations.  The  tolerance  is  only  moderately  increased 
and  sudden  death  is  not  infrequent. 

Addiction  to  "Bromidia,"  a  chloral  nostrum,  is  not  uncommon  (Blair,  1919). 

Habituation  of  animais  to  hypnotics. — This  occurs  with  chloral,  amylen  avdntc. 
paraldehyd,  and  others  of  the  fatty  series,  but  not  with  urethrane,  bromursj  or  sumhoul 
(Biberfeld,  19x8).  Chronic  chloral  poisoning  has  been  studied  in  dogs  by  WalUct, 
191 2.  Habituation  to  morphin  does  not  confer  tolerance  for  chloral  (U.  B.  Mycn, 
1916). 

Chloral  habit  is  treated  in  the  same  general  manner  as  other  drug- 
habits. 

Therapeutic  Uses. — Chloral,  as  all  the  aliphatic  hypnotics,  is  used 
especially  in  insomnia  of  psychic  origin.  In  ordinary  nervous  insomnia 
it  should  be  given  in  small  doses  of  0.3  to  i  Gm.  (5  to  15  gr.),  usefully 
combined  with  i  Gm.  of  sodium  bromid.  Its  taste  is  not  easUy  disguised; 
it  may  be  given  in  sherry  or  Syr.  Aurantii.  Larger  doses  are  needed  in 
mania  and  in  delirium  tremens.  In  the  latter  condition,  the  large  doses 
have  often  caused  collapse.  It  is  not  very  effective  against  febrile  de- 
lirium or  pain.  The  addition  of  morphin  secures  a  stronger  effect  than 
if  either  were  used  alone  (Knell,  1907). 

Chloral  is  one  of  the  most  useful  sedatives  against  the  c&nvulsioits  of 
strychnin,  tetanus  (Dreyfus,  1914),  eclampsia,  etc.  Fairly  large  doses 
are  needed;*  but  it  is  safer  to  use  moderate  doses  (2  to  3  Gm.)  repeated  at 
fairly  long  intervals  (to  five  or  six  times  per  day),  and  supplemented  by 
chloroform  inhalation.  Chloral  may  be  given  by  rectum;  and  is  thus 
rather  more  effective  than  by  mouth.  It  can  not  be  used  hypodermically, 
because  of  its  irritant  action. 

Chloral  is  also  used  in  asthma  and  seasickness,  but  the  benefits  are 
uncertain. 

Locally^  it  is  sometimes  employed  against  neuralgia  and  pruritus,  as 
an  ointment  (15  per  cent.),  or  as  chloral  camphoratum,  N.F.  (the  liqui*^ 
resulting  by  triturating  equal  parts  of  chloral  and  camphor. 

PREPARATIONS — CHLORINATED   HYPNOTICS 

Ckloralum  Hydratum,  U.S.?.;  Chloral  Hydras,  B.P.  (Chloral  Hydr.);  Byi^ 
Chloral,  CCI3COH  +  HjO. — Colorless  transparent  crystals,  of  penetrating  aromatic 
odor  and  bitterish  caustic  taste.  Slowly  volatilized  when  exposed  to  air.  Very  ffA-  ip 
water  (1:0.25);  freely  sol.  in  ale.  (i:  1.3)  or  eth.  and  oils,  fixed  or  volatile.  Incompol*' 
ble  with  alkalies,  carbonates,  and  compounds  of  Hg.  1.  or  Pb.  Dose,  0.5  Gm.,  8  pt 
U.S.?.;  0.3  to  1.2  Gm.,  5  to  20  gr.,  B.P.;  largely  diluted.  Maximal  dose^  4  Gm.,  bop- 
Syr.  Chloral,  B.P. — 20  per  cent.  Dose,  2  to  8  c.c,  H  to  2  drams,  B.P.  Onednffl 
contains  xx  gr.  of  chloral. 

*Tn  traimiatic  tetanus,  K.  Alexander,  1914,  advised  a  single  daUy  dose  of  xo  Go. 
in  250  c.c.  of  water  by  rectum;  5  Gm.  were  inadequate. 
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Many  of  these  have  been  suggested  as  substitutes  for  chloral,  but  none 
ire  seriously  superior.  Several  are  compounds  which  owe  their  activity 
nerely  to  the  liberation  of  chloral.  Since  promptness  of  action  isgener- 
lliy  desirable,  the  slow  and  uncertain  liberation  is  a  disadvantage. 

Butyl-chloral  Hydras,  B.P..  N.N.R.;  Croton- Chloral  Hydrate,  CH,  CHCl  CCl.- 
rmOH)]. —  This  was  ulso  introduced  by  Licbreidi,  1S71.  Its  action  is  more  powerful 
wt  shorter  than  that  of  chloral  (Mering,  1S75).  It  has  been  used  especially  in  facia! 
leunlgia.  Sol.  to  water  (1:4.0);  very  sol.  in  lUc.  or  glyc.  Dose,  0.3  to  1.2  Gm.,  51020 
1..  B.P. 

Tri-haJogen  Tertiary  Butyl  Alcohols. — These  arc  also  hypnotics.  Their  properties 
n  described  by  Akirich,  1916. 

Chlorbutanol,  N.N.R.;  Chloroform-acetone;  Mcthaform;  Chloretone,  CClj.C- 
OfDCHjCHj — This  is  produced  b^  the  action  of  caustic  alkalies  on  a  mixture  of 
btoroforra  and  acetone.  It  act»  similarly  to  chloral,  and  is  probably  rather  more  toxic 
Unpens,  iQoi);  100  gr.  have  caused  severe  poisoning,  but  recovery  occurred  (for  further 
ctails,  Scifcrt,  Ncbcnwirk.,  iqi^.  p-  44)-  It  is  used  mainly  as  a  mild  local  anesthetic, 
ntiseptic  and  preservative  for  hypodermic  solutions.  Dose,  0.3  to  1.5  Gm.,  s  to  20 
I.,  as  powder.  Locally,  as  saturated  watery  solution  (0.6  per  cent,  at  io^C).  It  is 
ol.  in  oils,  and  easily  sol.  in  ale.  and  fat  solvents.     (Literature,  Rowe,  ipt^)- 

Chlorbutanol  appears  in  the  mother's  milk  after  the  continued  admiautration  of 
'oy  large  doses;  but  not  after  therapeutic  doses  (Dlanner,  iqig). 

Chlorbutanol  is  used  as  an  anesthetic  Jor  laboratory  animals^  as  it  allows  of  long  opera- 
iocLS  without  requiring  any  attention.  The  dogs  are  given  the  usual  dose  of  moq>hin. 
Is  soon  as  vomiting  has  occurred,  o.:  Gm.  of  chlorbutano!  per  kilogram  of  ammal, 
I  idministered  by  stomach-tube  or  peritoneally  (Rowe,  1916).  The  chlorbutanol  is 
fftviously  dissolved  in  the  smallest  possible  amount  of  alcohol.  The  anesthesia  is 
Dmplete  in  hfteen  to  twenty  minutes,  and  lasts  several  hours.  The  blood  pressure  falls 
ipidly  in  rabbits,  slowly  in  dogs.  In  unanesthetized  do^,  it  decreases  the  response  of 
«  re*pirator>- -center  to  carbon  dioxid  (Voegtlin  and  Wjggers,  1918). 

Chlorbutanol  is  inadvisable  when  it  is  wished  to  have  the  animal  recover. 

Chloraformamidum  (Chloral  Formam,).  B.P.  (Chloralmid).  Cai.CH(OH).NH.- 
X)H, — This  was  introduced  by  v.  Mering,  1889,  with  the  idea  that  the  formamid 
CHONHi)  would  counteract  the  medullary  depression  of  the  chloral.  This  was  not 
ulized;  it  is  merely  a  less  active  hypnotic,  bemg  probably  slowly  decomposed  into 
:h!oral.     Sol.  in  water,  freely  in  ale.     Dose,  i  to  3  Gm.,  15  to  45  gr..  B.P. 

Qiloralose. — This  compound  of  chloral  and  glucose  was  introduced  by  Hcfftcr, 
(^  and  1893.  It  is  often  contaminated  with  the  non-hypnotic  but  toxic  parachio- 
^aW  (Mosso,  1893). 

bopral,  trichlorisopropyl  alcohol,  is  over  twice  as  active  as  chloral,  and  its  action  is 
iM)re  prompt.  Impens.  1903,  claimed  that  it  is  safer  than  chloral;  but  SoUmann  and 
Ihlcher,  1908,  have  shown  this  claim  is  to  be  totally  unjustified. 

Oioically,  it  is  also  uncertain  and  dangerous  (Kleinschmidt,  Z9M)*  The  clinical 
tide  actions  are  described  by  Scifcrl,  Mebenwirk.,  1915,  p.  71. 

PARALDEHYD 

General  Statement.— This  was  introduced  by  Cervello,  1882,  Its 
*ctioDs  are  similar  to  those  of  alcohol  (Kraepclin,  1892);  but  the  hypnotic 
effect  is  more  powerful,  and  sets  in  very  promptly,  so  that  the  patient  may 
tic  asleep  in  ten  to  fifteen  minutes.  He  should  therefore  be  in  bed  before 
tliedrug  is  given.  The  sleep  is  normal;  and  with  ordinary  doses,  without 
i^ter-effects.  The  drug  is  less  certain  and  less  powerful  than  chloral; 
'jut  therapeutic  doses  do  not  tend  to  depress  the  heart  and  respiration. 
ft  is  not  analgesic.  Its  principal  disadvantages  are  the  disagreeable 
Cogent  taste;  fusel-oil  odor  of  the  breath,  persisting  over  a  day;  irritation 
tf  the  throat  and  stomach;  dizziness  and  faintness  (Seifert,  Nel>enwirk., 
9'5i  p.  64).  Tolerance  is  generally  acquired,  and  a  habit  is  not  infre- 
uent  This  presents  the  phenomena  of  chronic  alcoholism,  including 
r/r'riura  tremens  (Fornaca  and  Querelli,  191 2).  Its  acute  toxicity  is  low, 
that  IOC  Gm.  produced  only  very  prolonged  sleep. 
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Indications  and  Administration. — Paraldehyd  is  used  when  chloral 
conlraindicated,  particularly  in  delirium  ircmcns  (Theunisan,  1915);  in 
the  insane;  in  alternation  with  other  hypnotics,  etc.  The  ordinary  dose 
is  3  c.c,  45  minims,  raised  in  severe  cases  to  5  to  15  c.c.  (i  to  40);  or 
better,  a  teaspoonful  every  hour,  until  effective.  It  is  best  given  in  iced 
water,  tea  or  claret. 

Metabolism. — Hypnotic  doses  (in  dogs)  lower  the  blood-sugar,  and  have  no  eflcd 
on  the  nitrogen  excretion.  Anesthetic  doses  produce  considerable  hyperglycemii  inrf 
glycosuria,  and  a  considerable  decrease  of  nitrogen  excretion  (Powell.  1914). 

Other  aldebyds  of  fatty  adds  arc  said  to  "produce  arterial  disease  in  rabbits  (Denny 
and  Frotbingham,  1914). 

PREPARATIONS — PARALDEHYD 

*Paraldthydum  (Paraldehyd.),  U.S.P.,  B.P.,  (CH5CHO)..— A  polymer  of  . 
hyd.     Colorless  transparent  liquid,  of  slronR  characteristic  odor  and  burning  tait 
Sol.  in  water  fi:8),  freely  miscible  with  ale.     Dose,  2  c.c,  30  minims,  U.S. P.;  2  to8c.c«^ 
J^  to    2  drams,  B.P.     Maximal  dose^  5  Gm.,  75  gr. 

Amyltn  Hydrate  (Harnack  and  Meyer,  1804). — Tertiary  amyl  alcohol.  (CHilr* 
C  CsHitOH.  ft  ranks  between  chloral  and  paraldehyd.  It  is  said  to  lessen  the  poly 
dipsia  and  polyuria  of  f/tu^r/^j  in  jf/^u J.  Colorless  tiuid;  sol.  in  8  parts  of  water,  reidiijr 
in  ale.     DosCt  i  to  2  Gm.  (  15  to  30  gr.),  in  glycerin. 

SULPHONAL  (SULPHONMETHAmiM) 

General  Statement. — The  ethyl-sulphones  were  introduced  by  Bau- 
mann  and  Kast,  1888.     Sulphonal  has  tlie  structure: 

CH,  SOjCaHj 

X 

CH3  SOsCHft 

The  hypnotic  action  is  connected  with  the  ethyl  radicals,  and  is  ftirtber 
enhanced  by  replacing  the  remaining  methyl  radicals  with  ethyl  {tmnd^ 
one  replaced;  tetronalj  both  replaced). 

Sulphonal  is  a  rather  powerful  hypnotic,  but  a  weak  analgesic  Its 
absorption  and  therefore  its  effects  are  slow,  sleep  occurring  only  after 
one  to  five  hours.  Its  administration  must  therefore  be  properly  timed. 
The  sleep  lasts  sbc  to  eight  hours,  and  the  effect  persists  somewhat  during 
the  next  day,  with  vertigo,  lassitude,  drowsiness,  and  depression.  Thisi> 
due  to  the  delayed  excretion,  which  is  even  slower  than  the  absorption: 
thus  tending  to  cumulative  effects  and  very  dangerous  poisoning,  if  thf 
administration  is  continued  over  longer  periods.  Sulphonal  is  ihcreforc- 
unsuitable  for  prolonged  use.  In  acute  cases,  or  in  alternation  withoihrfj 
hypnotics,  it  has  several  advantages.  Its  taste  is  not  unpleasant;  it 
not  produce  gastric  irritation;  ordinary  doses  do  not  affect  respiration i 
circulation;  and  the  fatal  dose  is  generally  much  higher  than  the  thert- 
peutic.     It  does  not  induce  tolerance,  but  may  probably  cause  a  habit 

Acute  Poisoning.— The  symptoms  consist  in  prolonged  and  profound; 
sleep,  with  gradual  failure  of  the  circulation  and  respiration.     D«al' 
occurs  usually  after  several  days.     It  has  been  reported  from  5  to  30  Gi 
(Knaggs,  1890);  while  100  Gm.  have  been  survived  (Neisser,  i8^l] 

Chronic  Poisoning. — This  has  been  produced  even  by  ordinary 
peutic  doses,  when  continued  for  some  weeks.     The  symptoms  develop] 
slowly  and  consist  in  nervous  depression,  gastro-intestinal  disturbanc 
and  urinary  changes.    The  appearance  of  hcmatoporphyrin  in  the 
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(dark  cherry  color)  is  particularly  characteristic.  Skin  eruptions  are 
wmetimes  seen.  lif  the  drug  is  stopped  when  the  symptoms  are  light, 
recovery  occurs,  but  is  very  slow.  After  the  urine  changes  have  set  in,  the 
prognosis  is  discouraging;  death  occurring  after  some  weeks  by  general 
uhaustion.    The  autopsy  is  generally  negative  (Taylor  and  Sailer,  1900). 

The  principal  syinpt&ms  of  chronic  poisoning  are  the  following:  Nervous;  confusion, 
iarescs,  ataxia.  Digestive:  Almost  continuous  vomiting,  abdominal  pain,  particularly 
iboot  umbilicus,  with  tjonpanites  and  obstinate  diarrhea  or  constipation  (A.  W.  Rogers, 
[Qij).  Urine:  Hematoporphmn,  methemoglobin  and  red  corpuscles,  albumin,  casts, 
i^h  aridity.  The  literature  of  the  side  actions  is  given  by  Seifert,  Nebenwirk.,  1915, 
}■  93;  Trional,  p.  04. 

liie  occurrence  of  hemato porphyrin  was  de9cril)ed  by  Stokvis,  1889.  It  is  rarely 
leen  tn  acuie  poisoning,  but  is  very  frequent  and  fairly  early  in  chronc  poisoning.  It 
*n  be  produced  in  ralJbits,  but  not  in  dogs  (Neubauer,  1900).  The  hematoporphyrin 
baIso  found  in  the  bile  (Pfoertner,  1914). 

Vriicaria  may  be  produced  by  local  application  to  the  scarified  skin  (SoUmann, 
1917). 

Bxcretion. — Sulphonal  is  excreted  partly  as  ethyl -sulphonic  add,  partly  unchanged, 
Tf  the  urine  and  intestines. 

Administration. — Sulphonal  is  used  in  nervous  insomnia  especially 
when  chloral  is  conLraindicatcd.  The  ordinary  doses,  0.75  to  i  Gm.,  10 
to  15  gr.,  or  in  severe  cases  2  Gm.,  are  taken  in  hot  milk  at  least  four  hours 
before  bedtime.  A  smaller  dose  may  be  taken  the  second  night.  The 
idministration  should  not  be  continued  beyond  a  week,  when  an  inter- 
aissioa  must  be  made.  It  is  generally  advisable  to  prescribe  cathartics, 
■Ikalics  and  plenty  of  water. 

TRIOPTAL 

Trional  is  more  effective  than  sulphonal;  and  being  more  soluble,  its 
absorption  and  action  are  more  prompt,  producing  sleep  in  one-half  to 
OQc  hour.  It  has  the  same  dangers  as  sulphonal,  and  the  latter  is  more 
commonly  used. 

II    A  case  of  chronic  trional  poisoning  is  described  by  v.  Noorden,  1916. 
^P  TETRONAL 

Tctronal  is  less  soluble,  and  therefore  too  slow. 
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B.P.    (Diethvlsulphonc- 
fy   taste 


*Sulphonm€thanum  (Sulphonmcth.),  U.S.P.  Stilphonal 
<linethyl-mcthanc);  (CH3)aC(SOaCiH»)i. — ColoHess,  odorless  and  nearly  tasteless 
^UlUne  powder,  slightly  sol.  in  water  (1:365);  sol.  in  boiling  water  (i:  15)  and  in  ale 
'1:60).  Dose^  0.75  Gm.,  12  gr.,  U.S.P.,  0.6  to  2  Gm.,  10  to  30  gr.,  B.P.,  as  powder. 
^inmal  dose,  2  Gm.,  30  gr. 

I  SviphonethylrrKthanum  (Sulphonethylmeth.).  U.S.P.;  Metkytsulphonai,  B.P.  (Tri- 
'»Dtl;  Diethylsulphonc-methylethyl-mcthane);  (CHj)  (C,Hi)CrSO,C,H»)i.— Colorless, 
:*<fcries*,  cr>'4tanine  scales;  bitter  taste.  Slightly  sol.  in  water  (1:200);  sol.  in  ale. 
^,0.75  Gm.,  13  gr.,  U.S.P. ;  0.6  to  1.2  Gm.,  10  to  20  gr.,  B.P.,  as  powder.  Maximal 
^,  2  Cm.,  30  gr. 

»  HYPNOTIC  UREA  DERIVATIVES 

cse  furnish  a  convenient  means  of  exhibiting  the  alkyl  groups,  the 
^oency  being  apparently  enhanced  by  the  urea  combination.     The 
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three  most  important  types  of  compounds  are  represented  by  Bromural, 
Barbital  and  Urethane,  as  may  be  seen  from  the  following  formulas: 

NHj  NH, 

CO/  CO/ 

NHj  NHCOCHBrCH(CH,), 

—  Urea  —   Bromural  (a-monobrom-isovaleryl-urea) 

NH— CO  CsH, 

NH— CO  CiHs 

—  Barbital  (diethyl-malonyl-urea;  diethyl-barbituric  acid) 

NH,  NHs  NHi 

CO^  C0</  C0</  CH. 

OH  OCsHt  OCh/ 

■■     Carbamic  acid     »     Urethane  (ethyl-carbamate)     •     Hedonal  (methyt-projkyl- 

carbinol-uretnane) 

BARBITAL  (VERONAL;  DIETHYL-BARBITURIC  ACID) 

General  Statement. — This  was  introduced  by  E.  Fischer  and  Mermg, 
1903  and  1905.  .  It  has  a  number  of  advantages  over  the  other  hypnotics: 
It  is  even  more  powerful  than  chloral  and  somewhat  more  analgesic;  it 
does  not  produce  local  irritation,  and  the  taste  is  not  so  disagreeable. 
The  margin  between  the  ordinary  therapeutic  dose  (0.5  Gm.)  and  the  toxic 
dose  (usually  8  to  10  Gm.)  is  somewhat  wider;  and  the  ordinary  doses 
have  little  effect  on  the  blood  pressure  and  respiration.  However,  fatal 
collapse  (by  peripheral  paralysis  of  the  blood  vessels)  has  occurred  in 
several  cases  from  relatively  small  doses  (10  to  15  gr.,  0.65  to  i  Gm-i 
J.A.M.A.,  53,  1833,  1909).  On  the  other  hand,  recovery  has  resulted 
after  10  Gm.  Small  doses  are  somewhat  diuretic  (A.  Hoffman,  1906)' 
The  action  is  rather  slower  than  with  chloral,  but  more  rapid  than  with 
sulphonal.  After-depression  is  exceptional,  but  more  common  than  vitli 
chloral.  The  usual  dose,  0.5  Gm.,  8  gr.,  induces  a  deep,  dreamless  slcq> 
in  one-half  hour;  or  even  more  promptly  if  the  soluble  sodium  salt  b 
used.  The  patient  generally  awakens  refreshed,  but  exceptionally  suffers 
from  lassitude,  vertigo,  headache,  nausea,  diarrhea,  and  skin  eruptions. 

Barbital  is  excreted  slowly,  so  that  ordinary  doses  may  produce  seriotis 
cumulative  effects  similar  to  those  of  sulphonal,  but  rather  more  sb^- 
Nervous  symptoms  are  especially  prominent  (Glaser,  1914).  It  m^ 
therefore  be  intermitted  after  a  week.  Habit  has  been  reported  (Ki^» 
1905),  but  tolerance  is  not  easily  acquired. 

Acute  Barbital  Poisoning. — This  has  been  rather  frequent;  a  number  of  cases  tr^ 
collected  by  Heffter  and  Loeb,  1906.  They  present  the  phenomena  of  coma,  fftH"' 
blood  pressure,  feeble  heart,  vasodilation,  marked  fall  of  temperature  even  with  modff* 
ate  doses,  increased  reflexes,  sometimes  convulsions;  slower  and  espedally  ^tflo'' 
respiration,  asphyxia,  but  with  constricted  pupils;  renal  irritation,  diminished  arinc^ 
anuria;  exanthemata  (circumscribed  dermatitis  reported  by  Zeisler,  191  a).  RnniDi^ 
191 2,  describes  epithelial  necrosis  of  the  kidneys  in  two  fatal  cases,  without  difiKV 
signs  of  nephritis.  The  general  effects  have  been  investigated  by  Groeber,  191*' 
Roemer,  191 2;  and  by  Jacobj,  191 2. 

The  literature  of  the  ''^iTiiral  side  actions  is  given  by  Scifert,  Nebenwirk.,  19x51  ff- 
75  and  99. 
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'.  Gautier,  iqxS,  described  four  cases  of  poisoning  from  doses  of  3.5  to  S  grams.  One 
sman  who  had  taken  5  grams,  died  after  4  days  of  coma.  He  l>eUeves  that  addicts 
c  Uss  resistant. 

TIrticaria. — This  is  produced  by  the  local  application  of  barbital  to  the  scarified  skin 
oHmann,  1017). 
Vasodilator  Action. — Jucobj  and  Rocmer,  iqi  i,  refer  the  toxic  pecuHanu'es  of  barbital 

a  direct  action  on  the  blood  vessels,  perhaps  analogous  to  an  arsenic  cflect.  They 
ereforc  adxnse  against  its  use  when  the  circulation  and  respiration  are  depressed. 

The  treatment  of  scute  poisoning  would  be  along  the  same  lines  as  for  chloral: 
.vagc.  cathartics  and  stimulants.  Bachem  found  cuilein  the  best  antidote.  TboU, 
1 2,  also  recommends  acetic  other. 

^te  and  Excretion. — Barbital  is  excreted  almost  exclusively  by  the  urine,  only 
ices  appearing  in  the  feces.  When  given  by  mouth,  about  63  per  cent,  arc  eliminated 
changed.     This  proportion  is  not  altered  on  continued  use,  so  that  the  remainder  must 

destroyed  (A.  Honman,  1906).  The  proportion  excreted  may  rise  to  90  per  cent. 
th  small  doses  hypodermicolly;  and  fall  to  one-half  with  large  doses  (Bachem,  xgio). 
le  excretion  is  very  slow,  requiring  several  davs  even  after  0.5  Cm.  This  explains 
e  cumulative  eflecls. 

Chronic  Barbital  Poisoning. — This  shows  confusion,  ataxia,  debility,  gastro-intes- 
)a]  irritation,  anemia  and  hematopjorphyrin. 

Indications. — Barbital  is  used  in  nervous  insomnia,  mania  and  delir- 
im.  It  appears  to  be  highly  effective  in  delirium  tremens,  0.5  Gm.,  three 
mes  daily  (Dreyfus,  1914).  It  has  also  been  employed  against  vomiting, 
ca-sickness,  migraine,  and  for  combination  anesthesias  (Wolfram,  1906). 
t  B  taken  dry  or  in  hot  liquids.  If  a  more  rapid  action  is  desired,  the 
oluble  sodium  salt  may  be  given  (Katzenstein,  1909);  but  its  taste  b  more 
Lisagreeable. 

K  PREPARATIONS — BARBITALS 

^^Acidtim  Diofthylbarhituruum  (Acid  Diaethylbarb.),  Barbital,  N.N.R.;  BarW/anwrn, 
3.P.  (Veronal;  Diethyl-maionyl-urea.— White,  crystalline  powder,  odorless,  faintly 
)itter.  Slightly  sol.  in  water  (i:  150);  sol.  in  boiling  water  (1:12)  and  in  ale.  Dosr,  0.3 
no.6  Gm.,  5  to  10  gr.,  B.P..  in  hut  mil^  or  hot  lemonade.  Maximal  dose,  1  (^.,  15  gr. 
i-S^ii  Diaethyl-haTbUuras,  Barbital  Sodium.  N.M.R.  (Vcronat-Sodium;  Medinal). — 
jjftBlonosodium  salt.  Freely  sol.  in  water,  the  solution  having  a  bitter  alkaline  taste. 
^Bbe  used  by  rectum  and  perhaps  hNpodermically. 

^tHpro  pyi-harbiiurU  A  cid.  Prnfional,  was  nls*)  introduced  by  Fischer  and  Merine,  r904 
ttd  i!K>S.     It  is  more  powerful  than  veronal,  but  more  dangerous  and  less  reliable. 

PhrnoharlntaJ ;  PhcnyUthyl-harhituric  Acid,  N.N.R.;  Luminal. — Kcscmbles  Pro* 
pooai  (Grcgor,  lOUJ-     ^*  '*  w^A  especially  in  epilepsy  iM.  Klotz,  1015). 

It  would  be  especially  useful  when  bromidt^  arc  not  tolerated.  Tne  dose  in  epilepsy 
kSft.!  gram,  one  to  three  times  per  day.  This  dose  should  not  be  exceeded,  and  the 
lidnunistration  should  bo  omittea  on  2  days  every  week,  to  guard  against  accumulation 
Q(  the  drug  in  the  intestines;  luminal  l>eing  almost  insoluble. 

It  b  admini^^lercd  in  tablets.  The  sodium  salt  (Phennljarbital-sodium)  is  soluble  and 
8tty  be  used  hvpodermically  (2  c.c.  of  20  per  cent.  =  0.4  grams). 

The  h>-pnotic  and  fatal  dose  arc  close  together,  and  the  circulatory  depression  is 
fcvcre.  Taddei,  1913.  protests  apinst  its  use  a*  too  dangerous.  The  literature  of  the 
cKoica]  side  actions  is  given  by  Seiferl.  Xebenwirk.,  1015.  p.  73. 

Oi<U  (Uiallyl-malonylurea)  has  no  advantage  uvcr  other  urcid  hypnotics  (Castaldi, 

ml 

BROfilURAL,  N.NJt. 

This  is  a  prompt  hut  very  mild  hypnotic,  effective  only  in  slight  nervous  insomnias. 
Jtb  not  anaJgesic.  and  is  rendered  ineffective  by  cough  or  delirium.  Ordinary  doses 
•'ivc  no  side  effects  (v.d.  Ecckhout,  1907;  Soltmann  and  Hatcher,  IQ08;  literature, 
^ert,  Ncbcnwirk..  1915,  p.  48).  In  man,  0..5  to  o.p  Gm.  are  effective  in  five  to  twcnty- 
"Ve  minutes,  producing  a  natural  sleep  lasting  three  to  five  hours,  without  excitement 
(Krieger  and  v.d.  Veldcn).     It  dissolvcji  in  hot  water,  but  not  in  cold. 

AttUn  {Carbromalf  N.N. R.J  is  a  closely  related  substance,  from  diethyl  acetyl 
tSfbtmid.  Its  efTicicDcy  is  between  bromural  and  barbital.  It  is  used  rather  cxten- 
ifvdy  in  nervous  insomnias.  Diflficultly  soluble  in  water.  Hypnotic  dose,  0.6  toi.3 
pQ.  (10  to  30  grains),  as  powder  or  tablets. 
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URETHAIVES 

These  have  been  disappoinling  in  man;  the  hypnotic  action  is  feebl 
and  patients  soon  become  immune.     The  efficiency  increases   with 
magnitude  of  the  alkyl  radicals  (Binei).     There  is  also  a  decided  diure 
effect. 

ETHYL  CARBAMATE 

This  acts  more  satisfactorily  on  animals  than  on  man;  producing  a  rapid  ai 
profound  narcosis,  with  little  change  in  the  circulation  or  respiration  (Schmiedeber 
1885).     It  Ls  therefore  cmploj'^d  as  a  laboratory  anesthetic.     The  COj  threshold  of  tl 
rcspiratorj'  center  is,  however,  somewhat  raised  (Wieland,   1915).     U  decreases  the' 
oxygen  consumption  (Winterstein.   1914).    Large  doses  cause  in  rabbits  a  vacuolai 
degeneration  of  the  hepatic  epithelium  (SoUmann). 

It  also  lowers  the  phenol  s-phthalein  output  (Whipple  and  Speed,  IQ15).  Large  doses 
produce  hyperglycemia,  independent  of  the  quantity  of  liver-glycogen  and  cpinephriu, 
and  unaffected  by  pituitary.  Bang,  1914,  believes  that  it  acts  through  pancrciUf 
degeneration.     It  is  excreted  as  urea.     Side  actions,  Seifert,  Nebenwirk..  1915,  p  0;. 

Urticaria. — Application  to  the  scarified  skin  produces  a  wheal  (Sollmaan,  iqi;}. 

PREPARATIONS — URETHANES 

Mikylii  Carbamas  (iEthyl.  Carbarn.),  U.S.P.  (Urethane);  CO(OC»rti)NHj.— Color- 
less, odorless  crystals  of  saline  taste.  Very  sol.  in  water  (1:0.45)  ^^^  iQ  ale.  (i;o8)- 
Dose^  I  Gm.,  15  gr.,  U.S.P. ;  to  4  Gm. 

Hedonal,  N.N.R.,  is  twice  as  active  as  urethane  (Drcser,  1890).  It  has  the  suse 
general  effects,  its  absorption  is  relatively  slow  and  it  is  more  tone.  Its  dose  li&boiit' 
double  that  of  chloral.  It  has  been  used  intravenously  for  anesthesia  (Jeremisdi; 
Page,  191 2);  a  0.75  per  cent,  solution  in  normal  saline  being  injected  at  the  rate  of  iw 
c.c.  per  five  minutes,  reduced  to  50  c.c.  when  anesthesia  is  attained.  Its  use  is  daago'* 
ous.    Literature,  Seifert,  Nebenwirk.,  1915,  p.  67. 


THE  SYSTEMIC  ACTIONS  OF  GASES 

General  Statement. — The  respiration  of  oxygen  is  essential  to  life 
A  deficient  supply  of  this  gas  leads  to  the  phenomena  of  asphyxia.  A 
nurabtT  of  gases  (NjH^CHj)  act  merely  by  excluding  oxygen  mechanically. 
This  also  forms  an  important  element  in  the  action  of  nitrous  oxid,  is 
ordinarily  used.  Carbon  monoxid  also  acts  by  excluding  oxygen,  but  it 
does  so  chemically.  Other  gases  have  specific,  direct  actions,  especially 
on  the  central  nervous  system.  Oxygen  itself,  when  at  a  pressure  of  sev- 
eral atmospheres,  is  toxic.  Carbonic  acid  and  nitrous  oxid  produce  tlwif 
peculiar  actions  at  lower  pressures,  but  the  air  must  contain  consideTat>Ic 
proportions.  Sulphuretted  and  arseniuretted  hydrogen  are  toxic  in  very 
small  proportions.  The  gascotis  acids  (sulphurous,  nitrous,  etc.),  alkalies 
(ammonia)  and  halogens  (bromin  and  chlorid)  act  mainly  as  local  irritantfv 
Compressed  air  acts  mechanically. 

Rapidity  of  Action. — The  effects  of  gases  appear  very  promptly  after 
beginning  the  inhalation,  and  disappear  as  rapidly  when  the  animal  is 
made  to  respire  pure  air.  This  is  due  to  the  large  surface  and  largt 
quantity  of  blood  exposed  to  them  in  the  lungs.  As  these  factors  are  rela- 
tively greater  in  small  mammals,  these  succumb  and  recover  very 
more  rapidly  than  man,  and  may  indeed  be  used  as  a  test  of  the 
suspected  air.  Whilst  the  recovery  from  the  direct  effects  of 
rapid,  indirect  after-effects  may  be  very  persistent. 

The  quantitative  eject  of  gases  depends  an  their  partial  pressure  in  the  air. 
At  ordinary  barometric  pressure,  this  is  equal  to  the  volume-percentage 
the  gas.     But  it  is  important  to  remember  that  the  effect  of  the  nor 
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p^  jrcentage  of  oxygen  at  half  an  almosphere  pressure  is  the  same  as  that  of 
hy*lf  the  percentage  at  ordinary  pressure;  and  conversely,  that  1  per  cent. 
of"  a  gas  at  3  atmospheres  produces  the  same  eflfect  as  3  per  cent,  at  i 
ati^osphere. 

The  symptoms  produced  by  most  toxic  gases  resemble  those  of  asphy^tia 
anci  this  whether  the  effect  is  produced  by  the  absence  of  oxygen;  or 
iff-hicther  the  gas  has  a  specific  toxicity.  They  are  closely  related  to  those 
of   anesthetics. 

NITROUS  OXID 

General  Statement. — Nitrous  oxid,  N2O,  nitrogen  monoxid  or  prot- 
oxid,  "Laughing  Gas,"  was  the  first  of  the  inhalation  anesthetics  and  is 
still  the  safest.     When  inhaled  undiluted,  it  produces  very  rapidly  un- 
consciousness and  anesthesia,  partly  by  a  direct  narcotic  action,  and 
partly  by  exclusion  of  oxygen.     The  asphyxia  limits  its  use  to  very  short 
operations,  such  as  the  extraction  of  teeth.     It  has  the  advantages  of 
prompt  action  and  recovery,  absence  of  irritation  and  of  after-effects,  and 
Is  practically  devoid  of  danger.     By  the  addition  of  ox)'gen^  the  asphyxial 
iactor  may  be  removed.     The  anesthesia  also  becomes  slower  and  lighter; 
but  by  carefully  adjusting  the  percentage  of  oxygen  (5  to  10  per  centj,  a 
satbfactory  degree  of  surgical  anesthesia  can  be  maintained  for  long 
periods,    without   letting    the   asphyxia   obtain    dangerous   proportions. 


p  Nitrous  oxid  is  especially  valuable  in   the  "Gas-Ether  Sequence,"  by 


avoiding  the  unpleasant  features  of  the  induction  of  ether  anesthesia. 


Historicai. — Nitrous  oxid  was  first  prepared  by  Priestly  about  1776.     The  discov- 
I         oy  of  its  anesthetic  properties  by  Humpnry  Davy  and  by  Wells  is  described  under 
"Ether"  and  "Chloroform."     Elsworth  (Boston  Med.  and  Surg.  Jour.,  37)  in  Jan- 
•^fy.  1843.  amputated  a  thigh  under  successful  nitrous  oxid  anesthesia.     Its  adminis- 
tration with  oxygen  was  introduced  by  E.  Andrews  of  Chicago  in  1868;  and  the  use  of 
I  such  mixtures  under  pressure  by  Paul  Bert,  1880.     The  tcchnic  of  its  use  in  surgical 

L.  opfrations  has  been  extensively  elaborated  in  recent  years. 

^  Inhalation  of  Undiluted  N2O.— For  short  operations,  as  in  dentistry, 

te  the  gas  is  administered  through  a  tight-fitting  mask,  so  that  all  air  is 

fc  Kcluded.     The   symptoms   run   a   very   rapid   course:   the   preliminary 

w         f^fcls  consist  in  a  sweetish  taste;  numbness;  exhilaration  (laughter);  con- 
i  fusion;  deeper  and  quicker  respiration;  and  fuller  pulse.     Partial  attes- 

P  thtsia,  with  loss  of  consciousness,  ensues  in   twenty  to  thirty  seconds. 

U  The  patient  is  subject  to  dreams  and  the  anesthesia  is  imperfect.     The 

k'  reflexes  arc  preserved  and  excitement  may  be  present,  especially  if  the 

t  patient  is  disturbed.     The  respiration  is  still  regular,  deep  and  quickened; 

^  the  pulse  full  and  rapid;   the  pupils  enlarged;  the  face  dusky,  livid  or 

I  pallid;  the  ej'elids  twitching  and  slightly  separated.     Complete  anesthesia 

W  occurs  in  fifty  to  one  hundred  and  twenty  seconds,  averaging  tifty-six. 

P  It5  onset  is  denoted  by  a  change  in  the  res]>iraLion,  which  becomes  .slightly 

K  irregular  and  noisy.     The  pulse  is  quickened  by  about  .50  per  cent,  and  is 

smaU.  The  blood  pressure  shows  a  large  asph>'xia!  rise  (Kemp,  1807). 
The  vasoconstriction  diminishes  the  urine  flow.  The  limbs  are  relaxed, 
but  indi\'idual  muscles  exhibit  clonic  or  epileptiform  contractions.  The 
pupils  are  almost  invariably  dilated.  The  face  is  cyanosed.  Relaxation 
nf  the  sphincters  occurs  rarely. 

Operative  Period.^ — As  soon  as  this  stage  is  reached,  the  gas  is  removed. 
The  pulse  at  once  becomes  slower  and  fuller;  the  respiration  also  recovers 
apidly;  and  the  asphyxial  symptoms  disappear.     The  anesthesia  lasts 
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some  twenty- two  to  thirty  seconds  after  the  gas  is  removed;  and  it  is 
during  this  period  that  the  operation  must  be  performed.  The  total  time 
between  the  beginning  of  the  administration  and  complete  recoverv'  is 
therefore  one  hundred  to  one  hundred  and  twenty  seconds.  The  duration 
of  the  after-anesthesia  increases  wi(h  the  duration  of  the  administration. 
This  may  be  prolonged  to  several  minutes  by  giving  the  patient  an  occa- 
sional breath  of  pure  air  (every  fifth  inhalation);  or  by  admitting  a  little 
air  into  the  mask.  The  admission  of  air,  however,  makes  the  anesthesia 
uneven  and  unsatisfactory. 

After-efifects  are  generally  absent  with  short  adminbtrations.     Some- 

;  times  the  patients  complain  of  giddiness,  headache,  lassitude  and  drowsi- 

/ness.     Nausea  is  exceptional. 

Accidents. — With  short  administrations,  these  are  very  rare,  because 

•  of  the  wide  margin  between  the  first  danger  sign  (noisy  and  irregular 
respiration)  and  death.  Only  about  seventeen  deaths  have  been  reported, 
making  the  fatality  less  than  i  in  5,000,000.  In  patients  with  grave  car- 
diac lesions,  the  pulse  may  become  feeble  and  the  respiration  shallow 
before  anesthesia  is  established.  If  the  administration  is  continued  too 
long  in  healthy  individuals,  the  asphyxial  phenomena  become  emphasized, 
with  violent  inspiratory,  then  forced  expiratory  movements;  then  shal- 
low and  intermittent  and  finally  arrested  respiration,  in  two  to  four  min- 
utes (Haggard,  igio).  The  violence  of  ordinary  asphyxial  convulsions  is 
mitigated  by  the  narcosis.  Cyanosis  is  intense.  The  heart  continues  to 
beat  for  some  time,  so  that  restorative  measures  are  generally  successful. 
They  should  consist  in  artificial  respiration,  preferably  with  oxygen. 

CoQtraindications. — Nitrous  oxid  should  not  be  used  in  cardiac  lesions, 
valvular  or  myocardial;  in  elderly  patients  especially  with  advancwi 
arteriosclerosis  or  high  cerebral  pressure;  and  in  operations  on  the  brain. 
It  is  often  ineffective  in  hysterical,  obese,  muscular  or  alcoholic  patients 
(S.  G.  Davis,  iqoq). 

Mechanism  of  Action. — X3O  is  very  soluble  in  blood,  which  takes  up  4$  per  cent,  by 
volume  (Bert).  Ua\'y  believed  that  it  acted  like  oxygen,  producing  hyperoiid*tion 
of  the  blood;  but  Franklaad  showed  that  it  is  not  decomposed.  It  was  tnen  tKUc^Td 
that  it  acted  merely  as  an  asphyxiant.  The  phenomena  produced  by  the  uodil'Jf  ' 
gas  arc  in  fact  partly  asphyxial.  This  factor  can  be  removed  by  the  addition  of  nv  ;. 
when  it  is  seen  that  narcosis  results  from  the  NiO  itself.  This  may  also  be  demonauatoJ 
on  frogs,  which  preserve  their  reflexes  for  hours  when  placed  in  pure  hydrogen;  but  Jw 
them  promptly  m  NjO.  Evidently  the  nitrous  oxid  nas  a  direct  action  on  the  crniril 
nervous  system;  first  stimulating  the  psychic  areas,  then  depressing  these  to  insensi- 
bility. The  motor  reflexes  are  also  abolished.  The  medullary  centers  are  not  affccttd. 
and  the  circulation  remains  unchanged,  in  the  absence  of  asphyxia.  Nitrous  oirid  »l« 
has  no  action  on  other  tissues  and  is  therefore  absolutely  harmless.  Dogs  anrstheUit<f 
continuously  for  three  days  with  a  mixture  of  NjO  and  oxygen,  recovered  without  any 
damage.  The  mechanism  of  its  central  action  is  probably  tne  same  as  with  the  bydn>- 
carbon  narcotics — viz.»  a  physical  change  in  the  lipoids.  It  probably  does  not  combine 
with  hemoglobin.  On  account  of  its  feeble  chcmic  affinities,  the  gas  is  practically  fr« 
'from  side  actions,  and  herein  lies  its  chief  value. 

Catalasc  of  Blood. — This  is  diminished  by  nitrous  oxid,  just  as  in  other  (nam  i^ 
anesthesia  (Hurgc  ct  al.,  igi8). 

High  Pressures  of  Nitrous  Oxid. — These  are  fatal  above  3  atmospheres,  evra  ^^kb 
inhaled  with  adequate  oxygen.  The  symptoms  consist  in  narcosis,  convuhioil^  VA 
finally  depressed  respiration.     The  heart  remains  strong  (Bock,  1913). 

Nitrous  Ozid  with  Air  or  Oxygen. — ^The  respirator>'^  disturbance, 
convulsive  features  and  cyanosis  produced  by  undiluted  N-O  arc  purdy 
asph>'xial.  If  the  gas  is  mixed  with  a  sufficient  proportion  of  ox)'gc8 
(15  to  20  per  cent.),  these  asphyxial  phenomena  are  entirely  absent,  and 
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thr  anesthesia  can   therefore  be  prolonged   indefinitely.     With    smaller 
percentages  of  oxygen,  the  symptoms  are  intermediate. 

The  dilution  of  the  gas  with  ox>*gen  lowers  its  concentration  in  the 
blood  to  a  corresponding  degree,  so  that  the  nacrotic  action  is  not  as 
prompt  or  deep.  It  is  generally  stated  that  a  mixture  of  80  per  cent,  of 
nitrous  oxid  and  20  per  cent,  of  oxygen,  inhaled  at  atmospheric  pres- 
sure, produces  only  confusion  and  analgesia,  with  incomplete  loss  of 
consciousness. 

However,  Hewitt  claims  to  produce  deep  anesthesia  in  this  way  within  four  minutes; 
and  that  the  anesthesia  becomes  incomplete  onlv  if  the  concentration  falls  below  66 
per  cent.  Paul  Bert,  1880,  obtained  perfect  results  by  a  mixture  of  85  parts  NiO  and 
15  parts  Os,  condensed  by  an  excess-pressure  of  ^e  atmosphere. 

D.  E.  Jackson,  1916  describes  an  apparatus  that  involves  the  continuous  rebreathing 
of  the  nitrous  oxid,  with  removal  of  the  C0|  and  renewal  of  the  oxj'gen.  This  permits 
of  prolonged  anesthesia  at  a  minimum  cost.  Under  these  conditions,  the  eflccts  have 
COQsiderablc  resemblance  to  morphin.  Man  appears  sensitive  to  lower  concentrations 
than  arc  needed  for  dogs.     Careful  administration  induces  an  apparently  natural  sleep. 

These  methods  are  not  very  feasible  in  practice;  but  a  satisfactory  anesthesia  mav 
be  maintained  sufficiently  long  for  ordinar>'  surgical  operations  bv  adding  only  enough 
oxysen  to  the  gas  to  prevent  the  major  manifestations  of  asphyxia. 

Hewitt  found  tliat  6  per  cent,  of  oxygen  are  required  to  prevent  the  convulsive  fea- 
tures and  noisy  respiration;  11  percent,  to  prevent  lividity.  .-Vbove  10  per  cent.,  the 
reflexes  and  movements  of  the  patient  were  more  pronounced. 

Jackson,  191 7,  confirms  that  the  addition  of  more  than  10  per  cent,  of  oxygen  greatly 
delays  or  even  prevents  ihc  loss  of  consciousness. 

Morphin-scopolamin  greatly  increases  the  efficiency  of  nitrous  oxid; 
so  that  with  these  alkaloids,  a  mixture  of  80  per  cent,  and  jo  per  cent, 
oxygen  even  at  atmospheric  pressure  induces  an  operative  anesthesia 
(Kochmann,  1914). 

Administration  of  the  Mixed  Gases. — This  requires  a  special  apparatus 
for  adjusting  the  two  gases  in  any  proportion.  This  is  connected  with  a 
close-fitting  mask.  It  is  advisable  to  warm  the  gas  mixture  before  it  is 
inhaled. 

To  hasten  the  anesthesia,  the  administration  is  begun  with  a  mixture 
containing  2  per  cent,  of  oxygen.  This  is  gradually  increased  to  10  per 
cent.,  but  varying  for  different  patients. 

Phenomena. — The  primary  symptoms  are  the  same  as  with  pure  gas. 

The  respiration  is  at  first  stimulated,  so  that  the  patient  feels  that  he 
can  breathe  with  less  effort  (Jackson,  1917). 

The  anesthetic  stage  is  usually  reached  in  a  few  minutes.  It  is  charac- 
terized by  regular,  calm,  moderately  snoring  respiration;  slightly  dusky 
face;  and  medium  pupils.  The  pulse  b  moderately  quickened;  the  blood 
pressure  somewhat  high;  the  blood  rather  venous.  Convulsive  phenom- 
ena are  absent.  The  reflexes  and  muscular  tone  are  greatly  decreased, 
but  not  abolished  as  with  ether;  and  the  anesthesia  is  not  so  profound. 

AfUr-eJJe^ts. — When  the  administration  is  stopped,  the  patient  awakens 
fully  witiiin  two  or  three  minutes.  Nausea  is  exceptional,  but  more 
common  than  after  short  inhalations. 

Advantages. — These  consist  mainly  in  the  greater  comfort  of  the  pa- 
tient, the  smaller  danger,  and  the  absence  of  irritant  side  effects.  The 
gas  would  therefore  be  especially  indicated  in  renal  and  acute  pulmonary 
diseases;  or  when  the  patient  dreads  the  other  anesthetics.  Crile,  1910, 
daims  that  it  lessens  the  danger  of  shock  and  infection. 

Disadvantages. — The  contraindications  and  limitations  were  discussed 
Apder  the  undiluted  gas.     Its  application  is  further  limited  by  the  rather 
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shallow  anesthesia;  incomplete  relaxation;  high  blood  pressure  and  vcn< 
ity  of  the  blood;  the  expense  of  the  gas  and  apparatus;  inconvenience; 
the  need  for  very  specialized  experience. 

Influence  of  Impurities. — Warner,  igis,  finds  that  ordinary'  nitrous  oxid  oflen 
duces  severe  sympt.oms.  especially  cyanosis,  which  does  nnt  occur  with  proper  purij 
tion.     The  toxic  effects  are  due  partly  to  nitric  oxid.  but  especially  to  uniacntil 
basic  impurities,  perhaps  hydroxylamin  and  hydrazin.     The  gas  deprived  of  these  (J 
is  now  generally  clone)  can  be  given  with  less  oxygen,  without  cyanosis. 

Gas-ether  Sequence. — This  was  suggested  by  Clover,  1S76;    but 
also  come  into  extensive  use  only  recently.     It  seems  to  combine  the  chi 
advantages  of  the  two  anesthetics,  and  is  perhaps  the  nearest  approach^ 
to  an  ideal  method. 

Nitrous  Oxid  Analgesia  in  Obstetrics. — This  is  being  advocated  m 
much  safer  than  scopolamin-morphin  "  twilight  sleep."  It  does  not 
weaken  the  uterine  contractions  and  has  no  bad  eflFccts  on  mother  or  child 
(Webster;  Lynch;  Davis,  1915). 

PREPARATIONS — NITROUS   OXID 

*Xiir(igemi  Monoxvium  (Nitrogen.  Monox.),  U.S.?.  (Nitrous  Oxide).  N|0. — 0»for- 
less  gas;  possesses  a  slight  char»cterii^tic  odor;  somewhat  sweetish  taste.  It  is  nuirkrtcd, 
compressed  into  a  liquid,  in  steel  cylinders.  It  returns  to  the  gaseous  state  wbe&  the 
pressure  is  released. 

CARBON  DIOXID  (CARBONIC  ACID) 

General  Statement. — This  acts  as  a  weak  acid,  producing  locaDy  a 
rather  mild  irritation;  and  after  absorption,  strong  medullary  stimula- 
tion, and  in  higher  concentrations  narcosis.  These  actions  play  ihe 
principal  rflle  in  ordinary  asphyxia.  Deficiency  of  CO2  (.\capnia)  leads 
to  corresponding  depressant  phenomena.  The  carbonic  acid  therefore 
acts  as  a  hormone  (Bayliss  and  Starling,  igo6),  which  regulates  the  ac- 
tivities of  various  functions,  especially  of  the  respiration.  In  ihb  way. 
the  COi  tension  of  the  blood  and  tissues  is  normally  kept  automaticallj' 
jit  a  practically  constant  level. 

Local  Actions. — CO?  as  gas  or  solution  produces  a  prickling  sensation 
and  reddening  of  the  skin  and  mucous  membrane,  followed  by  numbnos 
and  local  anesthesia.  The  sensory  irritation  leads  to  reflex  stimulation; 
(Quincke,  1877).  The  cutaneous  stimulation  is  utilized  in  ibe  form  of 
carbonated  baths  (Nauheim  baths),  especially  in  cardiac  diseases.  Fm- 
zen  COs  (carbon  dioxid  snow)  is  employed  as  a  superficial  cauterizant. 
In  the  stomach,  carbonated  water  (''soda  water")  hastens  absorption, 
increases  the  secretion  of  acid  gastric  juice  (Chiari,  1915),  and  acts  as  a 
carminative.  It  is  useful  against  nausea^  and  valuable  for  disguising  the 
taste  of  medicines. 

Effects  of  Inhaled  COa. — If  oxygen  deficiency  is  excluded  by  inhaling  r&s  miunre* 
containing  20  per  cent,  of  oxygen,  no  effects  occur  until  the  concentration  of  3  per  cciit . 
volume,  of  COj  is  reached  (Zuntz),  With  this  concentration,  there  »  Mme  hj-pcri'm 
and  discomfort:  Rt^  per  cent,  in  man  produces  in  a  few  minutes  di$tinct  dv'fiinea,  r* 
of  blood  pressure  and  congestion,  which  become  insupportable  in  fiiteen  or  iwcnt* 
minuteit,  but  disappear  promptly  in  fresh  air.  The  symptoms  increase  to  i5pcr<tt.t; 
but  even  20  per  cent,  is  not  dangerous  in  an  hour  to  animals,  and  probably  not  to  nun 
With  25  to  so  per  cent.,  the  stimulant  phenomena  pass  into  depression,  with  dimiwsknl 
respiration,  fall  of  blood  pressure,  coma  (generally  without  convulsions),  losis  of  refta**. 
anesthesia,  and  gradual  death  after  some  hour^;  the  heart  outlastinf;  the  respirtdon- 
With  higher  concentrations,  the  stimulation  is  still  briefer.  With  pure  C0>,  d«*ti 
may  occur  in  a  few  minutes  as  a  mijied  effect  of  carbon  dioxid  and  anoxemia. 


CARBON   DIOXID 


709 


t 


Ordinary  Asphyada. — This  involves  the  two  factors  of  deficiency   0 

or  excess  of  carbon  diaxid  in  the  blood.  The  phenomena  in  bol 
'are  almost,  though  not  quite,  identical.  When  asphyxia  results 
from  breathing  in  a  conlined  space,  both  causative  factors  are  intermin- 
gled, but  the  CO2  factor  predominates. 

The  symptoms  of  asphyxia  vary  somewhat  according  to  the  rapidity  with  which  it 
is  produced.  When  ii  occurs  rapidly,  three  typical  stages  may  he  dustinguished:  During 
the  first  stage^  the  respimtions  (particularly  the  inspirations)  are  increased.  In  the 
second  itasr,  the  respirations  arc  irregular  and  convulsive,  the  inspirations  bcJnR  «ihallow 
and  weak,  the  expirations  powerful  and  prolonged.  Consciousness  is  Insi.  The  skin, 
especially  the  face,  becomes  c>'anolic.  The  third  sta^e  is  characterized  by  collapse  and 
con^-ulsions.  The  respiratory  centers  are  depressed.  The  respirator>'  movements  arc 
shallow  and  infrequent.  The  convulsive,  vagus.  va.somotor  and  pupillo-dilalor  centers 
are  stimulated.  The  extremities  and  the  muscles  of  the  face  and  neck  twitch  convul- 
sively, there  are  gasping  movements;  the  Ixxiy  of  the  animal  ts  rigid  and  arched  back- 
ward. Urine  and  feces  are  expelled.  The  pulse  is  very  slow  and  soft,  at  nrst  strong, 
then  progressively  weaker.  The  pupils  are  at  first  constricted,  then  n-idely  dilated 
until  death.  The  heart  continue?  to  beat  weakly  for  several  minutes  after  the  respira- 
tion has  stopped.  Artificial  respiration  during  this  interval  will  generally  result  in 
recover>'.     Death  occurs  within  slx  or  eight  minutes,  if  the  trachea  is  tied. 

The  aiUopsy  shows  a  very  venous  color  of  the  blood.  The  veins  of  the  upper  pari  of 
iKe  body,  and  the  right  heart,  are  greatly  disicndcd, 

//  the  asphyxia  ii  produced  iloitfty,  the  first  symptoms  are  cyanosis  and  dyspnea  on 
exertion.  The  indixidual  becomes  stupefied,  but  so  gradually  that  he  may  not  be  aware 
of  his  condition.  The  stupor  passes  into  unconsciousness  and  this  into  collapse.  The 
motor  s}'mptoras  may  be  entirely  absent. 

Cyanotic  Tint. — Asphyxia  by  excess  of  carbon  dioxid  produces  a  deep-blue  cyanosis^ 
with  venous  congestion.  Oxygen  deficiency  causes  a  gray  tint,  ^nthout  rise  of  venous 
pressure  (Ilaldane,  igi?,'.  This  difference  in  tint  is  cWdently  due  to  the  quantity  of 
venous  blood  in  the  skin. 

Lundsgaard,  iqiq,  has  confirmed  that  cyanosis  proper  is  due  lo  "oxygen  unsatura- 
tion"  of  the  capillar}*  blood,  appearing  when  this  reaches  6  to  14  per  cent. 

There  is  no  strict  parallel  between  the  two,  since  the  depth  of  the  color  of  the  skin  and 
mucous  membranes  is  determined  by  the  quantity  as  well  as  by  the  color  of  the  blood. 

The  unsaturation  may  occur  through  incomnlcte  aenilian  in  the  lungs;  or  through 
slowed  peripheral  circulation;  or  through  excessive  oxygen  consumption  in  the  tissues. 

Medullary  Centers  in  Asphyxia. — The  effects  are  alike  whether  they 
rcsiilt  from  COz,  acidosis,  or  oxygen  deprivation.  The  stimulation  occurs 
in  the  order  of  respiratory,  then  vasomotor  and  then  vagus  centers.  It  is 
followed  by  depression  of  these  centers.  The  relative  preponderance  of 
stimulation  and  depression  depend  on  the  degree  and  suddenness  of  the 

Bhyxia,  and  on  the  prevailing  condilion  of  the  centers  (Loevenhart^ 
5). 
According  to  perfusion  experiments  on  mammalian  medulla,  carbonic  acid  appears 
to  be  somewhat  more  stimulatiii;^  ihan  other  acids  af  equal  H-ion concentration  (Hooker 
et  al.,  IQ17),  presumably  because  it  penetrates  the  ner\*e-cc!ls  more  readily. 

R6le  of  COi  in  Asphyxia. — C.  Bernard  showed  that  the  deprivation  of  oxygen  or- 
dinarily plays  a  minor  part;  inclosing  the  head  of  an  animal  in  u  bladder,  he  found  that 
the  intravascular  injection  of  oxygen  does  not  retard  death.  Temporary  revival  from 
asphyxia  mav  be  secured  by  artificial  respiration  in  an  atmosphere  of  hydrogen  or 
nitrogen;  ana  according  to  some  experiments  of  the  author,  even  in  CO.  The  inves- 
tigations of  Loevenhart,  1Q13,  however,  suggest  that  the  COi  itself  acts  by  interfering 
with  oxidation. 

ROle  of  CO1  in  Impure  Air. — The  popular  idea  of  this  is  greatly  exaggerated. 
"Pure"'  air  contains  o.o^t  per  cent,  of  COi;  in  city  streets  it  rarely  rises  above  0.04,  or  at 
most  0.15  per  cent.  In  badly  ventillated  rooms  it  may  reach  o.j  per  cent.,  which  is  far 
below  the  effective  concentration.  Neither  the  presence  of  CO-  nor  the  absence  of 
oxygen  explains  the  harmful  effect  of  sojourn  in  iil-venti!ated  rooms;  nor  does  the 
expired  air  contain  any  poisonous  ingredients.  It  is  supposed  that  the  acute  discom- 
fort and  the  suffocating  sensation  experienced  in  these  places  is  largely  psychic,  bein;; 
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produced  by  the  heat,  humidity,  odors,  noise,  etc.     Whether  this  will  also  account  f< 

the  severely  detrimental  effect  on  health  and  resistance,    the  increased  teadenc>' 
tuberculosis,  etc.,  which  are  associated  with  habitually  deficient  ventilation,  is  an  o[ 
question.     Winslow  and  Palmer,  1915,  conclude  that  the  airof  unventilated  rooms  (with' 
controlled  temperature  and  humidity)  contains  substances  which  diminish  the  appetite 
for  food,   withiiul  producing  discomfort  or  other  detectable  symptoms.     It  may  b^m 
remarked  that  the  continued  or  repeated  exposure  to  Rases — particularly  those  actioJH 
upon  the  blood,  and  indeed  to  any  poison  woich  alters  the  blood,  such  as  acctanilid-^B 
does  not  generally  cause  tolerance,  out  increa&e  of  susceptibility. 

CO2  on  Circtilation. — Increase  of  carbon  dioxid  up  lo  a  certain  pointy 
causes  a  great  rise  of  bloorl  pressure  (Fig.  6,  p.  232)  mainly  by  stimuJalioi 
of  the  vasomotor  center;  moderate  increase  of  CO2  tension  perhaps 
increases  the  output  of  the  heart.     The  peripheral  action  on  blood  vi 
results  in  their  dilation.     High  concentrations  paralyze  the  vasomott 
center  and  heart. 

Vasomotor  Center. — The  violent  stimulation  has  been  shown  by  Sollmann  and' 
Pilcher,  loii.  and  by  Mathison,  1911.  The  latter  demonstrated  that  identical  cSccti 
are  produced  by  other  acids  and  by  lack  of  oxygen;  and  thai  all  these  act  probably  hf 
increasing;  the  hydrogen-ion  concentration  of  the  blood.  The  spinal  vasomotor  ccnlcrt 
are  much  less  sensitive  than  the  medullary  {Mathison,  1910J. 

Direct  Actton  on  Vessels. — This  results  in  relajiation  (Bayliss,  1901);  it  is  also  secfl 
in  excised  arterial  or  venous  rings,  with  all  concentrations  (Cow,  iQit;  Hooker,  i^u). 
A  similar  dilation  is  also  produced  by  other  weak  acids  (Schwarz  and  Lemborger,  igiil, 
Barcroft,  1^14.  considers  this  an  important  factor  for  the  increase  of  the  lo^  drculs- 
tion  in  active  organs. 

Pulmonary  Circulation. — The  pressure  in  the  pulmonary  arteries  rises  in  asphyzii, 
even  if  the  rise  of  the  systemic  blood  pressure  is  prevented  by  destro>-ing  the  medulla 
(Wood,  Jr.,  1911).  The  pulmonar>'  circulation  time  is  slowed  (Langlois  and  Oetbouis. 
191  ^1,  indicating  pulmonary  vasoconslricLion. 

Venous  Pressure. — Increase  of  carbon  dioxid  causes  a  large  rise  of  venous  preatuit, 
even  when  the  arterial  pressure  is  but  little  affected.  Henderson  And  Harvey,  iqi^ 
interpret  this  as  due  to  airect  dilation  of  the  capillaries  and  venules. 

The  increased  venous  return  would  increase  the  diastolic  tilling  and  thus  tbf  efi- 
ciency  of  the  Ittart.     Acapnia  would  have  the  opposite  result- 
Heart  Rate. — -This  is  ordinarily  slowed  by  stimulatiou  of  the  vagus  center;  but  if 
the  vagi  are  divided,  it  is  quickened  by  stimulation  of  the  accelerator  center  (Paitir 
and  Morat.  1885). 

Efficiency  of  the  Heart. — In  intact  animals,  the  cardiac  effects  are  greatly  compli- 
cated by  the  other  actions.  Jerusalem  and  Starling,  1910,  claim  that  increase  ol  COi 
in  the  coronary  blood  lessens  the  tonus  both  in  systole  and  diastole.  The  corooanr 
vessels  are  also  dilated  (Markwaldcr  and  Starling,  1913].  With  higher  conccntiatioU, 
the  systolic  tone  is  lowered  more,  so  that  the  excursions  are  diminished;  with  modcratf 
concentrations,  the  dia^^lolic  tone  is  more  relaxed  and  the  output  increased.  A  ccrtiin 
concentration  would  therefore  be  necessary  for  the  optimum  efificicncy  of  the  heart, 
this  is  insufhcicnt  in  acapnia.  Itami,  1913,  claims  that  the  rise  of  blood  nressurr  wtdi 
5  per  cent,  of  CO3  in  the  inspired  air  is  chiefly  due  lo  increased  output  of  tne  heart;  awi 
thai  above  8  per  cent,  the  vasoconstriction  becomes  the  more  important.  These  results 
have  been  contradicted:  Ketcham,  King  and  Hooker,  1913,  attribute  the  Incrcawl 
output  to  dilation  of  the  pulmonary  vessels,  for  they  found  that  the  isolated  keari  is 
depressed  by  all  concentrations.  In  the  limulus  heart,  C0|  produces  depression,  acting 
much  more  powerfully  on  the  ganglion  cells  than  on  the  muscle  (Ncwmann,  igoo), 
Perfusion  of  the  coronary  vessels  of  a  mammalian  heart  with  CO]  gas  causes  prompt 
6brillation  and  arre.st,  whereas  the  heart  continues  to  heat  for  a  conuderable  time  il 
the  perfusion  is  made  with  oxygen,  or  even  hydrogen  (Magnus,  1902). 

Re-breathing  in  Shock. — W.  T.  Porter,  191 7,  suggested  the  increased  respintwo^ 
produced  by  carbon  diovid  as  a  mechanical  aid  to  the  circulation  in  fat  embolism,  anl', 
in  shock  generally.     He  apparently  obtained  some  good  results;  but  the  clinicU  results '' 
have  not  been  good  (Crile)  and  the  injurious  direct  effects  of  asphyxia  on  the  heart  do 
not  ordinarily  justify  this  method. 

Blood  Viscosity. — This  is  somewhat  increased,  but  not  to  an  important  degree 
( Burton -Opitz,  iqii). 

Oxygen  on  CO]  of  Blood. — Oxygen  (and  carbon  monoxid)  tends  to  erpel  CO1  lr<m 
the  blood;  for  when  exposed  to  a  given  COx  tension,  blood  that  has  been  deprived  ol 
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txygen  takes  up  considerably  more  COi  than  oxygenated  blood  (Christiansen,  Douglas 
xud  Haldanc,  1914). 

Peristalsis. — In  intact  animals,  this  is  stimuhiteH  by  a^hyida.  Excised  intestine 
ft  started  to  rhythmic  contraction  if  it  was  quiescent;  but  13  relaxed  if  it  was  already 
bythmically  active  (Hooker,  toil), 

Oculomotor  Center. — The  pupils  are  ordinarily  widely  dilated  by  asphyxia,  after 
nimar>'  constriction  (Guthrie  and  Ryan,  1910).  The  mydriasis  is  not  due  to  sym- 
»hatbeUc  stimulation,  for  it  occurs  after  division  of  the  cervical  sjTnpalhetic  (Braun- 
tcin,  1894 L  It  must  therefore  be  ascribed  to  inhibition  of  the  oculomotor  center. 
*eriphcnilly.  CO3  acts  as  a  miotic  on  frogs'  pupil  (Auer,  1909), 

Respiration. — The  COj  content  of  the  blood  is  the  chief  regulating 
actor  in  ordinary  respiration  (Zuntz,  1897),  the  respiratory  center  being 
stimulated  (mainly  the  rate)  even  by  verj'  slight  increase  of  the  COj 
ension.  The  normal  CO2  percentage  of  the  alveolar  air  is  5.6  per  cent.  | 
I  rise  of  0.2  per  cent,  of  COj  (1.6  mm.)  in  the  alveolar  air  doubles  the' 
cspiratioD,  and  a  slight  reduction  (0.2  per  cent.)  of  the  CO2  produces 
tpnea.  The  sensitiveness  to  oxygen  is  very  much  less,  the  respiration 
icing  unaffected  by  variations  of  the  oxygen  in  the  air  between  13  and 
;oo  per  cent.  (Haldane  and  Priestley,  1905;  Fitzgerald  and  Haldanc, 
;905).  The  effective  increase  of  CO5  also  produces  a  slight  but  measur- 
ible  change  in  the  hydrogen  ion  concentration  of  the  blood  (Campbell 
Lnd  coworkers,  1913).  Other  acids  arc  similarly  stimulant  (Winterstcin, 
LQii;  Laquer  and  Verzar,  1911)  although  not  quite  as  much  (Hooker  et  al, 
[917).  Locvenhart,  1913,  refers  the  effects  ultimately  to  interference 
irith  oxygenation.  The  response  to  COj  is  used  experimentally  as  a  test 
>f  the  excitability  of  the  respiratory  center  (A.  Loewy,  1890). 

Bronchial  Muscle  (Excised). — This  is  constricted  by  moderate,  relaxed  by  high 
wnccnlrations  (Trendelenburg,  191 2). 

Strychnin  Convulsions. — These  may  be  suppressed  by  CO1  inhalation  (Winler- 
itein,  igoo;  Ryan  and  Guthrie,  1908).  On  iheotltcr  hand,  moderate  asphyxia  increases 
Jie  conx'ulsant  effect  (PUcher).  Concentrations  above  20  per  cent,  also  heighten  the 
kusceptibility  to  add  fuchsin  convitisiom  (Joseph.  1915). 

Temperature. — COi  d>'spnea  lowers  the  temperature  in  health,  and  especially  in 
ever.     It  also  reduces  metaDolism  (v.  Magj'ary-Kossa,  igio). 

Aqihjrxial  Glycosuria. — All  forms  of  asphyxia — whether  from  COj  or  deficiency  of 
fcJiygen — lead  to  hv^jerglyccmia  and  glycosuria.  .^11  asph}'xianl  dnigs  produce  thia 
^ecL.  although  there  may  be  additional  factors.  The  glycosuria  does  not  occur  if  the 
i\-cx  is  excluded,  nor  In  poorly  nourished  animals  (Auel,  1914).  It  seems  therefore  that 
the  glycogcnolysis  is  stimulated  in  the  liver,  but  not  in  the  muscles.  This  effect  is 
probably  due  to  the  increased  H-ion  concentration  of  the  blood,  acting  through  the 
fcervous  centers,  but  requiring  the  cooperation  of  the  adrenals,  lor  it  does  not  occur  if 
these  have  l>een  excised  (MarU-od,  1013). 

Drugs  Leading  to  the  Appeaiance  of  Reducing  Substances  in  the  Drine. — The  follow- 
ing may  be  enumerated  as  among  the  most  important  (review,  S.  Weber,  1904):  CO, 
^^lO,  Hj,  H|S,  HCN",  amyl  nitrite,  nitrobcnzol,  nitroglycerin,  chlorate,  chloral,  urothane, 
[Chloroform,  acetone,  strychnin,  morphin,  atropio,  curare,  phlorhizin,  caffein  and  other 
diethyl  xanlhins,  UsOg,  many  adds,  Pb,  As,  Hg,  Ur,  Cr,  cantharidin,  P,  epinephrin, 
tb}Toid-.  saline. 

Deficiency  of  COs  (Acapnia). — ^The  carbon  dioxid  tension  regulates 
tie  heart  rate,  vascular  tone,  peristalsis,  mental  condition,  and  a  number 
of  other  functions.  A  decrease  of  this  tension  in  the  blood  and  tissues 
produces  depressant  effects. 

Phenomena  oj  Acapnia. — These  have  been  emphasized  especially  by  Y.  Hendcnoii| 
1908  to  iQio.  Even  a  slight  reduction  of  the  COj  causes  marked  increase  of  the  heart 
late  and  slo^sing  of  respiration.  Further  reduction  produces  tachycardia,  venous  stasis, 
LTTcst  of  peristalsis,  failure  of  many  reflexes,  coma  and  stoppage  of  respiration.  £x- 
reme  reduction  causes  an  almost  tetanic  condition  of  the  heart,  abolishing  its  output, 
»werinR  blood  pressure  and  resulting  in  death.  In  the  lighter  grades,  recovery  occun 
■omptly  if  the  COi  tension  is  increased,  as  by  breathing  through  a  long  tube. 
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Acapnia  and  Respiration. — The  respiratory  center  is  readily  depressed  by  defidenqr 
of  COs  in  the  blood.     This  is  the  mam  factor  in  the  apnea,  following  h\7>crpncs,  fti " 
one  factor  in  Cheyne-Stokes  respiration  (Haldane,  1905  and  1909).     Weil.  1906, /j 
showed  that  the  apnea  is  the  shorter,  the  more  CtDj  is  in  the  air;  and  that  it  can  be 
longed  by  fixing  the  COj  with  NaOH.     The  increased  ox>'gen  content,  to  which  it 
formerly  attributed,  seems  to  be  unessential  alUiough  excessive  ox>-gcn  concentration  i 
also  depressant  (Loevcnhart,  1913). 

The  direct  depressant  effect  of  COj  de6ciency  on  the  respiratory  center  was 
demonstrated  by  Wintcrstcin's  (1911)  perfusion  experiments.     The  respiration  was 
restored  by  oxygen,  but  by  carbonic  or  other  acids,  and  is  therefore  an  h\-drogcn- 
effect.     In  intact  animals,  a  persistently  low  ox\'gcn  tension  leads  to  the  accumolal 
of  lactic  and  other  adds,  and  nence  to  stimulation  of  the  respiration. 

Acapnia  and  Shock. — Y.  Henderson,   190S  and   1909,  pointed  out  the  anaU>| 
between  the  phenomena  of  acapnia  and  surgical  shock.     He  believed  tluit  the  btter] 
may  be  explained  by  loss  of  COj,  through  hvperpnea,  exposure  of  intestines,  etc.    Thij 
may  be  one  of  the  factors  but  it  is  unlikely  that  it  is  the  only  one.     Henderson's  conteo- 
tions  are  contradicted  by  Jancway  and  Ewing,  1913. 

Apnea. — This  suspension  of  the  respiratory  movements  is  usually  due  to  depression 
of  the  respiratory  center  by  excessively  low  COj  content  of  the  blood  (acapnia);  for 
instance,  as  a  consequence  of  h>pcrpnea.  Fredericq  showed  that  apnea  can  be  pro- 
duced by  the  transfusion  of  the  blood  of  an  apneic  animal. 

However,  acapnia  is  not  essential;  for  excessive  distention  of  the  lungs  may  produce 
apnea  even  when  the  air  contains  5  per  cent,  of  COj.  This  phenomenon  does  not  ocvir 
if  the  vagi  were  divided  Kiithcns  and  Mcltjicr,  1914).  In  fowls,  COa  dctV-^'-n'^v  M^.l 
Stops  the  respirator)'  movements,  but  in  this  case  the  eflect  consists  in  tonic  ~: 
ftspiratory  muscles,  and  not  in  heightened  threshold.  The  function  of  *  '  , 
-therefore  conust  in  the  maintenance  of  the  respiratory  rhythm  (Meyer  and  Mcluc/, 
■1915J. 

Normal  CO3  Percentages  and  Tensions. — These  are  as  follows: 


C(.)i 

Expired  air 
Alveolar  air 

Arterial  blood 
Venous  blood 
Tissues 


Percent.  fVoIume) 

About  4 
4.6  to  6.2 
Avge.  5.5 

40 

45  to  50 


Tennon 
30  mm. 

43  mm. 
xo  to  40  ram. 
30  to  50  mm. 
50  to  70  mm. 


CARBONIC  OXID  (CARBON  MONOXH),  CO);  ILLUMINATIHG  GAS 

General  Statement. — Carbonic  oxid  gas  has  considerable  toxicolopc 
importance,  through  its  occurrence  in  illuminating  gas,  especially  watef* 
gas,  and  as  a  product  of  incomplete  combustion.  Accidental  and  suicid&l 
poisoning  by  it  are  very  common.  It  forms  a  firm  compound  with  betno' 
'globin,  thereby  preventing  it  from  carrying  oxygen,  and  thus  produces 
asphyxia.  This  agrees  with  ordinary  asphyxia,  except  that  the  skin  tw[ 
mucous  membranes  are  not  cyanotic  but  bright  red,  due  to  the  color 
CO-hemoglobin. 

Occurrence. — Carbonic  oiid  constitutes  4  to  to  per  cent,  of  ordinary 
and  30  to  40  per  cent,  of  water-gas  (which  k  consequently  more  dangerous,  S  ^ 
191 1).     It  is  formed  during  incompUtc  comhusUon  and  is  therefore  present  in  theirnok* 

damped  stoves,  the  vapor  of  burning  charcoal,  after  mine  explosions,  etc  \\  i* 
ithc  principal  toxic  ingredient  of  these  gases.  Coai-gas,  however,  is  said  by  VihUn 
XiQOj)  to  possess  more  than  double  the  toxicity  which  would  correspond  to  iti  CX)- 
y.  Henderson  and  Haggard  state  that  dogs  exposed  to  illuminating  gas  die  when 
per  cent,  of  their  hemoglobin  is  saturated  with  CO,  but  that  they  survnve  considcnib 
nigher  concentrations  when  exposed  to  pure  CO. 

A.  H.  Hucbner.  1916,  also  believes  that  the  CO  docs  not  account  fully  for  the  toridly 
of  coal  gas.  The  difference  is  due  to  coal-tar  products  (which  may  be  rrmoT.'ed  by 
passing  the  gas  through  oil).  The  disagreeable  odor  of  gas  is  not  due  to  the  caibosif 
oxid  (which  is  practically  odorless),  but  to  sulphur  compounds.  These  arc  not  toA, 
but  serve  as  a  useful  warning  of  the  escape  of  gas.  This  odor  can  be  detected  itt  to 
containing  o.oi  to  0.0a  per  cent,  of  gas;  i.e.,  much  below  the  danger  limit.    They  ait 
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removed  by  filtration  through  soil;  so  that  underground  breaks  in  gas  mains  are 
especially  dangerous. 

BAanner  of  Action. — Carbonic  nxid  arts  aniy  hy  displacing  oxygen  and  fuis  mi  direct 
action  of  any  kind;  for  if  an  animal  is  made  to  breathe  oxygen  under  2  atmospheres  pres- 
sure (which  renders  it  independent  of  the  hemoglobin)  the  addition  of  carbonic  oxid  in 
any  amount  produces  no  symptoms.  However,  Gcppcrt,  1892,  believes  that  there  is  a 
direct  but  insignificant  action  on  the  centra)  nfr\'ous  system;  and  Giacosa,  '9°Sy  even 
claims  that  the  blood  changes  do  not  play  the  principal  rAle  In   CO-poisoning. 

Action  on  Plants  and  Lower  Organisms,— Carbon  monojdd  (or  illuminalinp  gas) 
slightly  retards  the  growth  of  bacterial  cultures,  but  is  not  germicidal.  Infusoria  and 
ciliated  epithclia  are  also  checked,  but  not  killed.  The  germination  of  the  ^eds  of 
higher  plants  is  not  affected.  The  gas  kills  plants  when  applied  to  the  leaves,  but  not 
to  the  roots  (Heider,  1914). 

Action  on  Blood. — Carbon  monoxid  combines  with  hemoglobin  lo 
form  carbonic  oxid  hemoglobin.  The  compound  is  very  firm;  it  is  dis- 
tinguished spectroscopically  from  hemoglobinj  and  it  is  not  reduced  by 
ammonium  sulphid  (Hoppe-Seyler»  1864  and  1865).  (See  Fig,  59.)  It 
has  a  cherry  red  color  (Piorry,  1826),  which  is  quite  different  from  ihat  of 
oxyhemoglobin,  especially  when  it  is  diluted.  This  forms  one  of  the  best 
tests  for  its  presence. 

The  affinity  of  hemoglobin  for  carbonic  oxid  is  about  210  times  as 
great  as  that  of  oxygen;  even  very  small  proportions  therefore  prevent  the 
complete  oxygenation  of  blood  and  produce  asphyxia. 

Fate. — Tlie  CO  is  excreted  unchaiiK^d,  and  is  not  uxidi/ed  to  CO).  In  fatal  cases,  a 
part  persists  for  a  lon^  timt  (over  a  month)  in  the  blood,  and  to  a  less  extent  in  the 
tnusciesfWachhobs  and  Lcmbergcr,  1905),  It  may  penetrate  postmortem  into  a  cadaver, 
but  so  slowly  that  it  can  not  lje  demonstrated  in  the  internal  organs  (iStoIl.  igogK 
CI.  Bernard  ohscr\'ed  that  CO  delays  the  postmortem  degeneration  of  blood  corpuscles, 
the  serum  separating  very  clear. 

Toxic  Concentrations. — I'he  absorption  of  CO  is  proportional  to  its  concentration  in 
ihe  air.  Gruber,  1S81,  found  that  0.024  F^'  cent,  h  harmless  even  after  several  hours. 
Tbc  toxicity  begins  with  about  0.05  per  cent.;  is  severe  with  0.07  per  cent.;  and  dangerous 
with  0.16  per  cent.;  0.2  to  0.4  per  cent,  is  generally  fatal.  Dizziness  and  hyperpnea 
occur  when  atmut  20  per  cent,  of  the  hemoglobin  is  saturated;  unconsciousness  with 
50 per  cent.;  death  witn  60  to  80  per  cent,  of  saturation  (Dreser,  i8qi;  Balthazard  and 
Nidoux,  1911). 

Course. — The  phenomena  agree  with  those  of  ordinary  asphyxia,  except 
that  cyanosis  may  be  absent;  the  skin  being  pink  ur  pale,  and  the  lips 
bright  red  (i.e.,  the  color  of  CO-hemoglobin),  This  is  of  diagnostic  im- 
portance. The  effects  are  insidious,  the  person  becoming  unconscious 
often  with  no  premonitory  symptoms. 

The  clinical  cases  may  be  classified  as  acute,  chronic  and  relapsing 
(McConnell  and  Spiller,  1912). 

SymPtofMs  of  Actttr  lUuminaiing  Gas  PoisoninR. — These  may  be  divided  into  three 
Vtages  (following  McCombs,  1912):  (i)  till  loss  of  consciousness;  (2)  from  beginning  of 
^rncope  to  the  onset  of  apnea;  (3)  coma  with  arrested  respiration. 

Onsfi. — The  symptoms  generally  begin  with  a  feeling  of  discomfort,  throbbing  blood 
^wa^;  dizziness,  headache,  weakness,  and  sometimes  nausea  and  vomiting;  sometimes 
ttUBin  the  extremities,  and  muscular  twitching.  The  temperature  is  normal;  the  pulse 
■nil  and  Uiunding.  the  blood  pressure  elevated;  feeling  of  constricted  thorax;  pupils 
*ridcly  dilated;  gradual  drowsiness,  stupor  and  unconsciousness. 

After  this  has  set  in.  the  respiration  becomes  accelerated  and  stertorous;  the  skin 
dusky;  lips  and  extremities  blue;  or  pale  or  pink;  loss  of  reflexes  and  sphincter  control. 
TTetaniform  convulsions  may  occur  and  be  followed  by  marked  muscular  rigidity,  es- 
fsecially  In  the  jaws.  The  pulse  and  respiration  gradually  weaken,  ending  in  apnea,  and 
Cnally  arrest  of  the  heart. 

The  coma  is  longer  and  more  severe  in  illuminating  gas  poisoning,  than  with  pure  CO 
^y.  Henderson  and  Haggard,  igi8). 
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Death  sometimes  occur^i  acutely  through  aspiration  of  vomited  matter  dt 
unconsciousness. 

Recovery  from  the  acute  effects  occurs  generally  in  48  to  7a  hours;  but  conviJcscsncr 
is  often  tardy,  with  pulmonar)-  and  nervous  sequels. 

Scifuds:  aspiration  pneumonia,  often  fatal;  palpitation,  localized  hyperemias,  gattm- 
intcstinal  disturbances,  transient  asphyxia!  glycosuria  (review,  S.  Weber,  19041, 
cutaneous  eruptions,  localized  edemas,  gangrene;  paral>'ses  of  central  and  peripfacnl 
t>'pcs,  choreiform  movements,  persistent  headache;  mental  changes,  loss  of  memonr. 
confusional  insanities,  etc. 

Chronic  Type. — Headache,  nausea,  vertigo,  weakness,  anemia,  slowed  intellect  aad 
failure  of  memor>',  and  all  the  phenomena  of  the  acute  t>'pc  more  slowly  dc\'rioped. 
The  memory  for  recent  events  is  impaired  much  more  than  for  those  of  older  staodiiix 
(S.  Brown,  1906).  The  nervous  phenomena  have  been  referred  to  serous  leptomeiui- 
gitis  (Sielcr,  iSgj). 

Reiupsing  Type. — The  acute  symptoms  arc  followed  by  complete  recovery,  but  tiler 
some  weeks  grave  paralytic  phenomena  appear  and  arc  often  fatal.  These  cases  ibov 
softening  of  the  lenticular  nucleus,  referred  to  fatty  degeneration  of  the  veasdst  pRK 
ceeding  to  calcification. 

Induced  Toleratue. — Guinea  nip  can  be  accustomed  to  live  for  months  in  anatwV' 
phere  by  which  25  per  cent,  of  tneu*  hemoglobin  is  saturated  with  CO.  This  toktaact 
15  attained  by  an  increase  of  the  corpuscles  and  hemoglobin,  so  that  the  oxygen  C^itd^ 
becomes  almost  normal 

Treaiment  of  CO  and  Illuminating  Gas  Poisoning. — This  is  usually  suc- 
cessful if  begun  while  the  heart  is  beating.  In  the  presence  of  a  Ur|c 
excess  of  oxygen,  the  carbonic  oxid  hemoglobin  is  again  decomposed,  and 
the  CO  eliminated  (not  burned).  The  treatment  therefore  consists  to 
artificial  respiration,  or  still  better,  the  forced  inhalation  of  oxygen. 
Bleeding  with  transfusion  of  healthy  blood  is  very  effective  (Wornt-I 
Mueller;  Crile  and  Lenhart,  1907).  Patients  should  not  be  exposed  to 
cold. 

With  respiration,  natural  or  artificial,  of  ordinary  air,  the  CO-heoi>, 
globin  is  decomposed  below  the  danger  limit  within  an  hour,  the  CO  brinf, 
practically  eliminated  in  two  or  three  hours.  It  is  therefore  superfluooij 
to  use  oxygen  or  transfusion  after  an  hour. 

If  the  coma  continues  longer,  this  is  due  to  persisting  injury  of  tk] 
nerve-centers  by  the  early  asphyxia.     Once  this  injury  has  occuned  itf 
would  not  be  helfied  by  oxygen.     The  existence  of  acidosis  indicates  alki-' 
lies;  otherwise  the  late  treatment  would  be  expectant  fV.  HendenoO) 
1916). 

The  prognosis  varies  with  the  duration  of  the  exposure  and  of  the  camt 
It  is  bad  if  the  coma  has  lasted  more  than  forty-eight  hours,  or  if  edematf 
cutaneous  blebs  have  developed  (G.  I.  Jones,  1909).  Even  in  favorable 
cases,  recovery  is  rather  more  slow  than  with  most  gases;  but  the  acute j 
effects  have  generally  disappeared  within  three  hours. 

OXYGEN 
The  Inhalatioa  of  Pure  Oxygen. — Oxygen  constitutes  about  one-fiftb| 
(20.94  P*^r  cent.),  by  volume,  of  ordinary  air.  An  increase  of  this  propcf^ 
tion,  and  even  (he  inhalation  of  undiluied  oxygen,  produces  no 
effect  under  ordinary  conditions.  The  rate  of  oxidation  or  the  consiunpi 
of  oxygen  is  not  at  all  increased  (Pflueger);  indeed,  the  output  of  COs 
rather  lessened.  Evidently,  the  proportion  of  ox>'gen  in  air  suffices 
all  ordinary  needs  (or,  rather,  it  is  greater  than  necessary);  and  addiijc 
oxygen  acts  merely  as  an  indiflferent  gas — as  so  much  nitrogen  or  hy< 
In  other  conditions,  however,  namely  when  the  supply  of  oxygen  is 
dent  from  any  cause,  its  inhalation  will  remove  the  a&phyxial  s>'nipl 
with  striking  promptness  and  efficiency. 
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Condition  of  the  Oxygen  in  the  Blood. — The  effects  of  most  gases  are 
strictly  proportional  to  their  partial  pressure  in  the  resj^ircd  air.      Oxygen 
dep>arLs  from  Uiis  rule,  for  'there  are  practically  no  effects  when  its  percent- 
age is  varied  between  10  to  15  or  100  per  cent.     This  is  explained  by  the 
fact  that  only  a  small  part  of  the  oxygen  is  carried  in  physical  solution  in 
the  blood  plasma.     By  far  the  greater  part  is  in  loose  chemic  combination 
with  hemoglobin,  i  molecule  of  hemoglobin  combining  wiLb  i  molecule  of 
Ot   (Butterfield^  1913)-     This  combination  is  only  slightly  affected  by  the 
above  changes  of  pressure.     When  respiring  ordinary  air  without  obstruc- 
tion, the  hemoglobin  of  the  arterial  blood  is  already  four-fifths  to  nine- 
tenths  saturated  with  oxygen;  and  the  amount  taken  up  can  therefore  be 
but   little   increased   by   raising   the   oxygen   tension    (Buckmaster   and 
Gardner,  1913).     The  oxygen  of  the  plasma,  however,  increases  directly 
with  the  oxygen  percentage  of  the  alveolar  air.     While  the  amount  thus 
carried  is  numerically  small,  it  becomes  important  in  conditions  in  which 
the  hemoglobin  can  not  perform  its  functions  properly,  as  in  anemias  or 
CO  poisoning.     The  plasma  oxygen  may  also  play  a  part  when   the 
iJernands  for  oxygen  are  greater  than  can  be  supplied  by  the  hemoglobin; 
li  in  very  severe  muscular  exertion  or  in  cardiac  disease. 

Ordinary  arterial  blood  contains  about  1S.5  per  cent,  of  oxygen  in  chemic  combina- 
tion with  hemoglobin;  and  0.6  per  cent,  dissolved  in  the  plasma — a  total  of  19.1  per 
toL  Inhalation  of  undiluted  oxygen  increases  the  percentage  in  oxyhemoglobin  only 
to  18.7  per  cent.;  the  dissolved  ox>'gen  is  increased  in  proportion  to  the  partial  pressure; 
le ,  to  3  per  cent.,  gi\-in^  a  total  of  31.7  per  cent.,  or  an  increase  of  3.6  per  cent.  This 
i»  not  rwuly  as  small  as  it  appears;  for  it  seems  that  the  oxj'hemoglobin  does  not  yield 
&n  il5  oxygen  to  the  tissues  (for  instance,  after  death  by  asphyxia  the  blood  still  contains 
cOMJderable  oxygen).  Haldane,  1917,  considers  that  the  increase  of  2.6  per  cent,  really 
equals  about  40  per  cent,  of  the  easily  available  oxygen  of  the  blood. 

Dissociation  Curve  of  Oxyhemoglobin. — This  follows  the  law  of  mass-action, 
*howing  that  the  reaction  is  chemic  and  not  absorptive.  The  curve  is  identical  for 
_  in  solutions  of  hemoglobin,  whate\er  their  origin;  but  it  is  markedly  aflfected  by 
wcirolytes,  and  therefore  differs  in  the  blood  of  dilTcrent  animals  or  even  individuals. 
The  action  of  clcclrolj'tcs  is  pxplainrd  by  aggregation  of  the  hemoglobin  molerviles. 
h  is  especially  great  with  acids  (Il-ion  concentration).  'Increased  acidity  diminishes 
w  affinity,  and  therefore  the  eflcctive  concentration  of  oxygen.  Thus  40  mm.  of  COi 
cuts  the  efl5cienc>'  of  oxygen  into  half.  The  same  laws  hold  for  CO-hemoglobin  (Bor- 
Ot>ll.  1914). 

Oxygen  Pressure  in  Blood. — The  partial  pressure  of  oxygen  in  arterial  blood  is  about 
P\  mm.  Hg.;  that  of  venous  blood  is  variable,  hut  about  one-half  or  less  of  this  figure. 

Absorption  of  Oxygen  in  the  Lungs. — There  has  been  much  discussion  whether  this 
Mows  purely  physical  laws.  The  question  is  even  now  not  absolutely  decided.  Ac- 
'.0)rding  to  Douglas  and  Haldane.  ipio,  the  absorption  is  simply  phracal  under  ordinary 
jpQditions;  but  if  so  much  CO  is  inhaled  that  the  supply  of  oxygen  to  the  tissues  become 
[^Adequate,  there  is  an  active  (secretory)  absorption,  so  that  the  partial  pressure  of 
In  the  arterial  blood  becomes  higher  than  in  the  alveolar  air.  This  occurs  also 
^"cn  the  demand  fur  oxygen  is  increased  by  muscular  work..  It  is  not  known  how  this 
|*on«Ution  is  brought  about. 

Mechanism  of  Oxidations  In  Tissues. — The  oxidations  of  metabolism  arc  not  ac- 

npUshed  by  oxygen  directly,  for  they  can  not  be  reproduced  in  vitro  at  ordinarj' 
^Wiperature.  There  must  be  some  activation  of  the  oxygen.  The  most  commonly 
*ctrpted  theories  are  modi6cations  of  that  of  M.  Traube,  i.e..  the  production  of  super- 
Jrirtu,  which  produce  in  vitro  types  of  oxidation  corresponding  closely  to  those  in  the 
w^y  The  oxidases  are  supposed  to  consist  of  organic  peroxios  and  a  catal)-st  {pcroxi- 
^aj'l.  Calalases,  which  occur  in  many  tissues,  act  only  on  hydrogen  pcroxid;  their 
function  is  problematic  (Bibliography,  Kastie,  U>'g.  Lab.,  But.  No.  59).     The  oxidizing 

lents  so  far  identified  arc  apparently  not  connected  with  the  energy-producing 
Ltions  of  the  body  (Batclli  ana  Stem.  1Q12). 

Cotaiase  ContenS  of  Blood. — The  calalasc  of  the  blood  is  contained  almost  entirely 
tbt  blood  corpuscles.  It  therefore  Huctuates  simply  with  the  corpuscle -plasma  ratio 
the  blood  (Bccht,  iQig.  Stehlc,  iqiq).  It  has  no  relation  to  the  o.xidative  activity 
or  to  the  »ctivity  of  the  Uver,  etc.  (as  was  thought  by  Burge,  iqi8). 
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RelatioQ  to  Medullaiy  Centers. — These  are  stimulated  by  moderate  de6dca[: 
of  oxygen;  paralyzed  by  extreme   deficiency.     The   rcspirator>'  center  is  the 
sensitive,  then  the  va&omotor.  and  least  the  vagus  center.     The  intensity  of  the  react 
is  determined  by  the  rapidity  and  degree  of  the  change  and  by  the  state  of  the  ccnti 
Excessive  oxj-gen  is  depressant.     Ix>evcnh;irt,  iqi^i,  attributes  ordinary  asphyxialstii 
lation  to  depression  of  the  oxidative  processes  of  the  cells,  by  actual  abstraction 
oxygen,  or  by  increase  of  hydrogen-ion  concentration  (acidosis,  COj).     V'er>'  sii 
phenomena  are  produced  very  promptly  by  cyanids,  which  are  known  to  interfere 
oxidation.    The  response  occurs  so  promptly  that  there  would  scarcely  be  time 
the  accumuUition  of  add;  so  that  deficiency  of  oxygen  probably  acts  directly  (C 
and  Loevenhart,  1014)- 

Two-phase  Oxidation  Theory. — Loevenhart,  1915,  suggests  that  asphym  may  br 
explained  by  assuming  two  phases  of  oxidation:  the  "rest  process."  occurrinfE  <■' 
rest  and  recovery,  afia  requiring  external  oxygen;  and  the  ''activity  process.' 
activity,  which  consumes  internal  oxygen.     Both  processes  would  be  constaniiy  , 
operation;  their  relative  intensity  determining  the  state  of  acti\'ity  of  the  cell-    Thr 
addition  of  external  oxygen  would  reinforce  the  *'rcst  proceM"  and  thus  cause  dcprts 
sion;  while  oxvgen  deficiency  would  have  the  opposite  effect. 

Relation  0/  Oxygen  to  Activity. — Every*  increase  of  activity,  in  any  organ,  appears  to 
produce  an  increased  consumption  of  oxygen.  This  outlasts  by  far  the  time  of  arttai 
stimulation  and  visible  response.  The  same  is  true  of  the  production  of  heat.  Thn 
corresponds  to  the  '"rest  process."  and  is  evidently  concerned  in  the  storage  of  pntenliil 
energy. 

Minor  Effects  of  Oxygen  Inhalation.     Sfttabolism. — Lavoisier  and  Seguin,  ir^ 
claimed  that  pure  o.x\*gen  has  no  effect  on  metabolism.     This  has  been  confirmed  br  tit 
modern  investigators.     However,  the  reputed  benctits  from  the  inhalation  of  01 
falty  defeneration  and  some  other  obscure  diseases  (if  the  reports  are  reliable) 
point  to  some  effect  on  metabolism^  perhaps  too  small  to  be  detected  by  I 
methods  of  obsen'iilion. 

Oxygen  inhalation  also  produces  some  other  slight  effects:  CI.  Bernard 
that  birds  placed  in  pure  oxygen  are  greatly  excited;  and  that  the  urine  of  rabbits 
comes  acid.  Benedict  and  Biggins,  iqii,  obscr\'«l  some  slowing  of  the  puhe, 
change  in  respiration.  There  are  rather  more  marked  effects  after  csrrcuf  (Coafc] 
and  Pembrey,  lou)-  The  eflTiciency  of  athletes  is  increased  and  forced  respiration  aa 
be  maintained  longer  (Hill  and  Flack,  iqoq  and  xgio).  Christiansen  and  oo-woric 
1913,  attribute  this  to  the  smaller  solvent  power  of  blood  for  COt  in  the  prtscoai 
excess  of  oxygen. 

Oxygen  under  excessive  pressures  (above  1.7  atmospheres)  produces  pni 
pressures  above  j>,  or  4  atmospheres,  cause  violent  convulsions  and  ultimately 
These  effects  are  not  due  to  pressure  a.s  such,  for  they  are  not  produced  by  fom| 
air  until  the  partial  pressure  of  oxygen  reaches  the  above  figures.  A.  Adams.  loizr 
A.  Schmidt  and  David,  IQ12,  claimed  that  prolonged  inhalation,  even  of  70  per  cwt-j 
oxygen  at  ordinarj'  pressure  would  produce  fatal  pneumonia.  Bruening,  igi;.  rcfa*j 
these  results  to  the  ar>*ness  of  their  gas,  since  the  same  effects  were  produced  with<i''yj 
conoprcssed  air,  and  not  if  moist  u.xygen  was  inhaled, 

However^  Karsner,  1Q15,  found  tl^t  even  when  these  precautions  are  takefl, 
exposed  forty-eight  hours  to  80  per  cent.  ox>'gen  show  congestive  or  inflai 
changes  in  the  lungs.     Exposure  for  twenty-four  hours  did  not  usually  prodi  ^ 
damage.     With  67  per  cent,  of  oicygcn,  exposure  for  11  days  produonl  vtrf 

fiulmonary  irritation,  but  not  true  infiammation.     Exposure  to  53  per  cent  of 
or  i\'2  days  showed  no  change  (Karsner  and  Ash.  191 7). 

Phagocytosis. — Thi?;  has  been  sludietl  in  vitro  by  H.  J.  Hamburger.  1QI5. 

frivation  of  oxygen  stimulates  phagocytosis  for  a  time;  prolonged  exposure  Ls  dcprOW^j 
ncrease  of  oxygen  is  als«j  generally  depressant.     Hydrogen  peroxid  stimulates  marked*- 
Potassium  chlorate  and  ferricyanid  produce  no  effect.  .. 

loflammation. — Mustard  conjunctivitis  is  checked  by  the  intravenous  injcclioi** 
substances  containing  chemically  active  oxygen,  such  as  iodosobenzoic  acid. 
versely,  inffanunation  is  intensified  by  cyanids^  which  check  oxidation  (Ambcrg  et  1 
X917). 

Oxygen  in  Asphj^xial  Conditions. — The  rcstilts  are  especial' 

in  those  forms  of  asphyxia,  in  which  the  access  of  oxygen  to  tl, 
hindered,  as  by  vitiated  air  (anesthesia,  mines,  wells,  etc.);  by  mechcna^^ 
interference  with  respiration  (suffocation,  drowning,  croup,  etc.);  by 
pressed  respiration  (anesthesia,  collapse);  or  by  a  diminished  absorbi 
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Lrface  of  the  lung  (pneumonia).  In  all  these  cases  the  blood  is  dis- 
nctly  venous,  i.e.,  the  hemoglobin  is  not  saturated  with  oxygen;  and  the 
halation  of  the  gas  promofes  thu  saturation  (Haldane,  igiy). 

According  to  Haldane,  igtS^  oxygen  inhalation  is  of  consldcmble  benefit  in  cmphy- 
ma  and  gives  temporary  retief  in  asthma;  but  has  Httle  effect  on  the  dyspnea  of  cardiac 
se&se  or  of  nephritis. 

Pulmoruiry  Edema  from  Irritant  Gases. — The  gas  exchange  in  the  lung  is  hindered 
•  the  alveolar  and  bronchial  foam.  The  inhalation  of  oxygen  converts  this  into  an 
ygen-foam,  and  rolievea  the  cyanosis.  It  does  not,  however,  help  to  remove  the 
cumulation  of  carbon  dioxid,  so  that  the  air-hunger  persists  (C  F.  Hoover,   191 S). 

Oxygen  against  Shailow  Respiration. — Haldane  and  Aleakins,  iqiW,  regard  shallow 
^piration  as  an  important  element  of  gas-poisoning,  since  it  diminishes  the  alveolar 
change,  even  if  the  minute  volume  of  the  respiration  were  increased.  This  could  be 
mpcnsatcd  by  increased  oxygen  inhalation. 

In  anemia  (whether  from  hemorrhage  or  any  other  cause,  such  as 
dorosis  or  leucemia)  asphyxial  conditions  result,  not  from  deficient 
ipply  of  oxygen,  but  from  a  deficiency  of  hemoglobin.  The  inhalation 
oxygen,  in  these  cases,  docs  not  increase  the  quantity  of  oxygen  carried 
r'  the  hemoglobin,  but  that  carried  in  solution  by  the  plasma,  as  has  been 
plained. 

The  inhalation  of  oxygen  is  also  useful,  in  an  analogous  manner,  in 
Ivanced  cardiac  disease,  when  the  circulation  is  too  slow  to  convey  the 
•quired  oxygen  to  the  tissues. 

Another  factor  may  possibly  come  into  play,  for  G.  N.  Stewart,  1011,  found  ihat 
ygcn  inhalation,  while  it  produces  no  effect  on  the  blood  flow  of  the  hand  in  normid 
d)\-iduals.  produced  a  marked  increase  in  a  cyanotic  [>atient.  Artificially  perfused 
;ssels  ffrogs)  are  constricted  by  oxygen  (Hooker,  igii). 

Administration. — Compressed  oxygen  is  marketed  in  metal  tanks. 
'he  gas  should  be  passed  through  warm  water  and  delivered  through  a 
rnnel  suspended  over  the  face  of  the  patient.  The  rate  and  duration  of 
tie  administration  is  regulated  by  the  symptoms. 

The  funnel  method,  however,  is  wasteful,  and  only  enriches  the  air  by  3  to  5  per 
mi.  of  oxygen.  If  higher  concentrations  are  desired,  a  mask  with  valves  must  be 
Bed  (Y.  Henderson,  iqioV 

Suhrutanrous  Injrrtion  of  Oxygen. — This  was  introduced  by  Derosc,  1912.  McCrae, 
914,  believes  that  it  has  a  limited  field  as  substitute  fur  inhalation. 

Y.  Henderson,  19x8,  states  that  life  may  be  maintained  by  intraperitoneal  injection 
f  ox)'gen. 

Intravenous  Injection  of  Oxygen. — This  is  described  by  runnicliflc  and  Stebbing, 
^16.  It  gives  rapid  relief  to  the  cyanosis  and  dyspnea.  In  man,  the  gas  can  be  in- 
tctcd  into  a  vein  at  the  rate  of  600  to  woo  c.c.  per  hour;  usually  l>eginning  with  the 
itc  of  500.  The  heart  must  be  watched,  the  injection  being  stopped  if  any  irregularity 
nun. 

Hk  PRKPARATIONS^ — OXYGEN 

^Otygrnium  (Oxygen.).  U.  S.  P. 
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OYYGEN  DEFICIENCY 


lyxia  Thitnigh  Lack  of  Oxygen.— This  may  result  from  a  deficiency  of  oxygen  in 
le  a.ir — by  breathing  rarefied  air,  or  air  diluted  wn'th  indifferent  gases  (N,  H,  CH«); 
r  the  pre<ience  of  CO;  by  anemia;  etc.    Ordinary  air  may  be  diluted  until  it  contains 
dy  about  15  [wr  cent,  of  oxygen  (or  may  be  rarefied  to  the  same  degree),  without 
oducing  any  immediate  eflect  (Bernstein,  1882).     A  candle  will  be  extinguished  when 
e  oxygen  has  fallen  to  about  17.5  per  cent.,  and  h  therefore  a  teat  for  the  safety  o£ 
e  air.  as  far  as  oxygen  is  concerned.     At  aixiut  lo  per  cent,  slight  symptoms  are  notice- 
le,  especially  on  evertion,  but  they  are  not  alarming — dizziness,  shortne^of  breatH, 
tper  and  more  frequent  respiration,  quickencnl  pulse,  slight  cyanosis.     With  7  per 
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cent.,  these  symptoms  become  serious,  and  stupor  sets  in.    With  a  slightly  leaser 
centage,  unconsciousness  occurs.     With  j  to  3  per  cent.,  death  occurs  within  forty- 
seconds  (the  effects  of  low  tensions  of  oxygen  are  described  by  Holdane,  iqoS; 
effects  on  respiration  arc  reported   by  Schcnic,   igo8).     Anoxemia  dilates  the  blood 
vessels  (including  the  coronary;  on  direct  perfusion  (Richards,  1914).  ^ 

Cyanosis. — The  skin  in  oxygen  deBciency  assumes  a  gra\'i5h  color,  in  contrast  to  tllH 
deep  blue  color  of  ordinary  asphyxia  (Haldane,  1918).  The  latter  is  due  to  the  coffH 
gestion  of  Che  veins  with  reduced  blood. 

Anoxemia  without  Carbon  Dioxid  Acaimuiaiian. — This  may  also  exist  in  pneumonia 
and  cardiac  decompensation;  namely,  when  obstruction  of  a  part  of  the  lungs  is  com( 
sated  by  overventilation  of  other  parts;  this  washes  out  the  excessive  carbon-dio:cid, 
does  not  materially  increase  the  oxygen  saturation  of  the  mixed  blood  (K.  G.  Pearc 
1917). 

Minor  Grades  of  Oxygen  Dejicietuy. — These  have  been  studied  by  the  Air  Ser 
Medical  Research  Board,  because  of  their  importance  in  aviation.     It  was  found  thiM 
even  slight  lowering  of  the  oxygen  tensions  produces  reactions  of  the  respiratioD  aa< 
drculatioD  to  compensate  for  the  diminished  oxygen  supply  of  the  tissues  (\ .  HcndcrsoO 
and  Seibert,  1918}. 

The  chief  reactions  are  increased  ventilation  of  the  lungs  and  more  rapid  blood  flo«. 
In  a  few  men  there  is  also  concentration  of  the  blood. 

The  great  diferencesin  toteramre  depend  upon  the  completeness  of  these  reactioRs 
Some  tolerate  0  per  cent,  of  oxygen  for  brief  periods'  others  are  incapacitated  by  murb 
smaller  changes.  The  degree  of  tolerance  and  of  tne  reactions  is  an  objective  lest  0^ 
general  "fitness,"  and  is  diminished  by  any  indisposition,  colds,  ^vorry,  etc.  (Schnddrr, 
1918). 

Respiratory  Response. — This  generally  starts  about  16  to  14  per  cent,  of  oityBen.  aod 
becomes  marked  with  12.5  to  9  per  cent.  It  usually  affects  the  depth  more  Uian  ibc 
rate;  indeed,  the  rate  may  stay  unchanged  especially  if  the  reaction  is  good  (Schneider, 

1918)- 

This  increased  respiration  exaggerates  the  loss  of  COj,  and  thereby  lowers  the  ukta 
reserve  of  the  blood.  This  rcnacrs  the  respiration  more  shallow,  and  establishes  1 
vicious  circle  (Y.  Henderson  and  Haggard.  191S). 

Haldane,  1919,  states  that  the  first  response  of  anoxemia  is  periodicity  of  the  respin- 
tion.  With  further  reduction,  the  type  becomes  very  rapid  and  shallow.  E^stiecu 
with  "irritable  heart"  are  especially  apt  to  react  in  this  way  to  exertion.  Oxy^ 
inhalation  gives  relief. 

Heart  Rate. — This  is  also  a  reliable  index  of  the  response.  A  slight  quidceniflf 
occurs  at  about  15.5  per  cent,  oxygen;  becomes  marked  at  13  to  9  per  cent.;  andnadlt 
15  to  40  beats  at  7  per  cent.  When  the  capacity  of  response  is  exceeded,  the  heart  tniT 
either  slow,  or  quicken  by  50  to  90  beats  (Schneider.  1918). 

Blood  Pressure. — This  shows  several  types  of  response.  //  Ihe  reaciion  is  good,  it  wy 
be  unchanged  or  if  the  heart  quickens,  the  systolic  pressure  may  rise  and  the  diutoltc 
fall  gradually. 

////«:  reaction  is  poor,  the  s>'stolic  pressure  falls  suddenly,  this  is  soon  followed  by  fiO 
of  diastolic  pressure  and  then  slowing  of  the  heart.  These  phenomena  arc  often  tcooo- 
panied  by  fainting  (Schneider,  1918). 

Temporary  Heart  Faihires. — This  is  not  uncommon.  It  is  shown  by  dilation  of  jw 
5  cm.,  also  followed  by  collapse  and  fainting,  unless  the  ox%'gen  is  increased  fWhitnry' 
1918). 

I>isturhanc-es  of  Vision. — These  are  among  the  minor  manifestations  of  oxyfiendd" 
ciency  (Wilmer  and  Berens,  1918). 

Chronic  Oxygen  Deficiency. — As  seen  in  anemias,  etc.,  this  causes  confidenble  | 
increased   tissue  destruction,  fatty  degeneration,  and  acidosis  (ammonia  la  iinac'. 
Finally  there  is  general  paralysis  of  all  organ  functions. 

Exposure  to  slightly  rarefied  air,  as  on  mountains,  causes  'hnountiia  sidaBHt^f 
nausea,  headache,  insomnia,  etc.     This  generally  disappears  after  a  few  days.    A 
ous  phenomenon  is  a  prompt  and  persistent  increase  in  the  corpuscle  and  h 
content  uf  the  blood  (by  25  to  40  per  cent.).     This  is  at  first  due  to  a  diminu! 
plasma,  the  total  quantity  of  hemoglobin  being  unaltered.     After  a  time,  howc 
absolute  hemoglobin  is  also  increased;  the  formation  of  corpuscles  by  the  bone-msm* 
being  stimulated  (DalUng,  Kolh  and  Loevcnhart,  1915;  G.  H.  Martin,  Bunting  sn^ 
Loevcnhart,  1916).    There  is  retention  of  X.,  S.  and  P.    The  respiraton-  mctiboUs* 
is  increased.    These  effects  are  attributed  to  oxygen  deficiency  (Douglas,  IhliUw 
Henderson  und  Schneider,  191  ^,  LoevenhartV 

Cheyne-Stokes  respiration  is  also  referable  to  o.xygen  deficiency  (Douglas 
Haldane,  1909);  the  apnea  lowers  the  o.v>gen  and  leads  to  accumulation  of  Uctic  a 
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^^mcreases  the  excitability  of  the  respiratory  center,  so  that  a  veo'  low  CO?  tension 
Aces  to  produce  hyperpnea.  This  lowers  the  CO5  and  increases  the  oxygen,  so  that 
ic  lactic  acid  is  oxidized,  apnea  reappears  and  the  whole  process  is  repeated. 

HYDROCYANIC  ACID  AND  CYANIDS 

General  Statement — Hydrocyanic  (prussic)  acid  is  probably  the  most 
ipidly  acting  poison.  It  produces  death  under  asphyxial  symptoms,  by 
indering  the  oxidative  processes  of  the  tissues.  It  aJso  interferes  with 
ost  other  fermentations  and  is  therefore  a  general  protoplasmic  poison, 
ompotmds  containing  the  CN  radical  are  toxic  only  if  they  can  liberate 
;CN.  Ferro-,  ferri-,  and  sulphocyanids  are  stable  and  therefore  do  not 
low  these  eflfects. 

Occurrence. — Hydrocyanic  acid  exists  in  glucosJdat  form  as  amygdalin  in  many 
a.nt5,  especially'  in  the  seeds  and  leaves  of  the  cherry,  almond,  peach,  etc.  This  amygda- 
I,  when  pure,  is  almost  entirely  harmless,  except  as  it  is  decomposed  in  the  body.     But 

most  plants  it  coexists  with  the  ferment  emulsin,  by  which  it  is  split  up  in  the  presence 

water  into  h>'drocyanic  acid,  glucose,  and  benzaldehyd: 

CJIjsNO,,  +  2H,0  -  aCm.iO.  +  HON  +  COIiCHO 

One  gram  of  cherry  kernels  yields  1.7  mg.  hydrocyanic  acid;  1  gram  bitter  almond 
Ip  >nelds  J. 5  mg.  hydrocyanic  acid. 

The  most  important  cyanogen  (CN)  compounds  are  the  acid  (prussic  acid,  official 

the  dilute,  2  per  cent,  solution)  and  cyanid  of  potassium.  Mercur>'  cyanid  has 
iinly  a  mercury  action.  The  cyanid  action  is  also  shared  by  the  organic  esters  (Mi/ri/j); 
eae  differ  from  potassium  cyantd  only  in  the  rapidity  with  which  the  cyanogen  is 
crated  (Lang,  1894;  Heymans  and  Masoin.  1897.  iqoo,  iooi;  R.  Hunt,  1004)- 
\tropr%tssids  liberate  CN  readily  and  agr«  uith  (yantdst  except  that  they  are  less  con- 
Isivc  (L.  Hermann). 

Cyanogen  Chhrid  produces  cachexia  on  long  continued  exposure  (C.  I.  Reed  and 
ar^iall,  1Q18). 

Effects  on  Higher  Animals. — When  given  in  doses  small  enough  to 
;rmil  of  watching  its  action,  this  is  seen  to  consist  'm  a  fleeting  stimulation 
'  certain  parts  of  the  central  nervous  system,  followed  by  depression  and 
ualysis.  The  action  begins  in  the  medulla.  The  vomiting,  respiratory, 
igus,  pupil-dilator,  and  vasomotor  centers  are  all  stimulated.  Then 
)mes  unconsciousness,  and  after  this  cofivulsions.  In  man  these  are  prob- 
3ly  mainly,  medullary  in  origin.  Then  follows  paralysis  of  the  whole 
iniral  nervous  system.  Involuntary  evacuations  of  feces,  urine,  and 
nnen  are  frequent. 

The  Respiration. — This  is  at  first  greatly  increased,  especially  in  depth; 
.  then  becomes  slow,  shallow,  and  irregular  (Cheyne-Stokes  type).  It 
tops  considerably  before  the  heart,  paralysis  of  the  respiratory  center 
eing  the  immediate  cause  of  death. 

The  eJUi^ncy  of  respiratory  sfimufanh  was  tested  by  Loevcnhart  et  al.,  igi8,  on 
iogs,  whose  respiration  nad  been  arrested  by  intracranial  pressure.  Caffein  and  atropin 
'ere  found  useless;  lactic  acid  gave  variable  results;  3tr>'chnin  produced  distinct  and 
tirly  lasting  stimulation. 

The  most  powerful  stimulation,  however,  resulted  from  sodium  cyanid;  the  degree 
tod  duration  depending  on  the  rapidity  of  the  intravenous  injection.     Decided  tempo- 

sry  ftimulation  of  respiration  occurs  with  o.i  c.c.  of  Ho  per  cent.  (— ~)  per  Kg.; 

his  mav  be  maintained  by  injecting  o.i  c.c.  of  V^o  per  cent,  per  iH  to  3H  rninutes. 
Itts  indicate^^  rapid  disintoxication,  supposedlj'  by  conversion  mto  thioc>'anate.  This 
OHge  causes  but  little  change  in  the  circulation.  The  falai  dose  is  2U  to  6^.i  c.c.  of 
ro  per  cent,  per  Kg.,  i.e.,  about  30  times  the  effective  dose,  so  that  there  is  an  ample 
lAijpn  of  safety. 
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The  eficcU  on  respiration  arc  central,  for  they  are  not  affected  by  section  of  the 
or  by  atropin  (Bochm  and  Knic,  1S74).     The  smallest  effective  doses  increase  both 
rate  and  depth  of  respiration ;  HCN  being  one  of  the  strongest  stimulants  of  the 
tory  center.     This  is  more  sensitive  tocyanidsthan  the  vasomotor  center,  and  ihisi 
is  more  sensitive  than  the  valgus  center.    Larger  doses  slow  the  rate,  but  greatly  in< 
the  depths  of  respiration.     Toxic  doses  depress  and  paralyze  the  center.     The  rci^i 
tory  eaects  ar^  antagonized  by  iodosobcnzoate,  whicn  yields  active  oxygen  fGrove  ai 
Locvenhart,  1911). 

In  frogs,  the  respiratory  center  is  also  stimulated  by  small  and  depressed  by  Urfl; 
doses.     Decerebrated  animals  require  larger  doses  than  normal  to  produce  respiratc 
parah'sis  (Hepner,  1915). 

Convulsions. — Rabbits  deprived  of  their  hemispheres  exhibit  the  usual  type  of 
vulsions;  but  the  course  is  more  rapid  (Morita,  igis). 

The  Effect  on  the  Circulation. — This  is  entirely  analogous  to  that  of 
asphyxia  (see  Fig.  6,  page  232).  As  in  the  latter,  the  heart  may  agair 
execute  a  few  movements  after  it  has  stopped  for  a  time  (h  in  the  figure); 
but  these  do  not  sufllice  to  maintain  the  circulation. 

Vasomotor  Cent^. — This  shows  intense  stimulation,  with  corresponding  rise  of  blood 
pressure.     The  effects  correspond  with  a5ph>'xia  (Pilchcr  and  Sollmann,  1915). 

Pcriplicral  Action  on  Ve%^fh.~\n  rxcinfd  kuituys  perfused  u-ith  saline  solution,  tbc 
addition  of  hydrocyanic  acid  causes  a  very  marked  dilation  of  the  renal  vessels.  The 
effect  is  apparently  due  to  a  paralysis  of  the  arterial  muscle.  It  disappears  promplly 
on  removing  the  cyanid  (SoUmann,  1908).  The  coronary  atsscIs  arc  also  diUifJ 
(Loevenhart  and  Kyster.  1913).  It  is  quite  possible  that  these  dilations  arc  due  to  tiu 
interference  with  the  oxidation  of  metabolic  waste-products. 

//fdW.— .\pplied  directly  to  the  frog's  heart,  cjTinids  cause  a  standstill  which  is  not 
removed  bv  atropin;  however,  the  heart  responds  strongly  to  electric  or  mechanic  stiniii- 
lation.  TLe  paralysis  e\ndently  in\'ol\TS  the  automatic  propertj'  of  the  cnrdiac  musde. 
There  is  no  evidence  of  this  action  on  the  blood-pressure  tracings  from  mammaK 

In  limultts,  weak  concentrations  stimulate  tnc  heart  muscle  and  ganglia  {.CarboQi 

Cyanid  Action  Explained  by  Tissue  Asphyxia. — The  phenomena  of  the  actkw  n^ 
hydrocyanic  acid  on  the  central  nervous  system — the  stimulation  of  the  medulWy 
centers,  the  convulsions,  the  vascular  paralysis,  etc. — bear  a  close  resemblance  10  ibtf* 
of  asphyxia  and  it  can  be  easily  shown  that  oxidation  is  enormously  diminished,  "Hw* 
is,  however,  one  very  marked  difference  from  ordinar>''  asph>-xia,  for  the  blood  remiui 
of  a  bright  arterial  color,  indeed,  the  oxygen  content  of  the  venous  blood  in  typical cTatt^ 
poisoning  approaches  that  of  ordinary  arterial  blood  (CI.  Bernard;.'  The  oxygen  iiu' 
the  ordinary  combination  with  hemoglobin,  and  can  be  removed  as  readily  as  aormiVy 
tfi  vitro.  It  is  therefore  evident  that  the  oxygen  supply  to  the  tissues  is  not  lesscoci 
Thc  cause  of  the  asphjxia,  of  the  lessened  o.xidation,  must  lie  in  the  protoplasm  rf^ 
tissues.  This  undergoes  what  might  be  termed  "internal  asphyxia."  in  sight  of  aixP^ 
ant  oxj*gcn  (Cleppert,  1889).  The  interference  with  oxidation  has  also  been  denu^ 
Etrated  with  "salted  frogs;"  exciswl  kidne>Ti  (Vernon,  igou);  many  lower  animals; u^ 
with  ferments.  It  may  therefore  be  assumed  that  the  cyanid  interfere*  with  the 
fermentative  processes  by  which,  the  utilization  of  oxygen  is  accomplished. 

H>'man.  1916,  has  measured  the  effects  on  oxygen  consumption  in  sponges.    Thcfj 
consist  in  a  primary  increase  followed  by  diminution.     The  depression  increase*  with 
concentration  of  the  cyanid^  3o  that  high  concentrations  produce  practically  p 
depression. 

In  planaria,  0.  Allen,  1919,  found  the  oxidation  reduced  by  ^o  per  cenL  throupk 
minute  doses  of  cj'nnid.  Larger  doses  caused  a  further  reduction  to  ao  per  crrt; 
bt-yond  which  there  was  no  further  reduction,  even  uith  large  doses.  The  artioo  is 
reversible;  i.e.,  rapid  and  complete  recovery  occurs  after  removal  of  the  cyanid. 

Lund,  iQiS,  could  not  confirm  any  direct  effect  of  potassium  cyajiid  on  theintn- 
cellular  oxidation  ui  poraniftium. 

Action  on  Ferments. — Schoenbein,  1S67,  first  showed  that  hydrocyanic  acid  udnbin 
oxidizing  ferments,  preventing  the  catalytic  action  of  shed  blood  on  HtO>.     The  cataU* 
is  not  dcstro>'ed.  but  only  inhibited.     (In  acute  cyanid  poisoning,  the  inhibitory  1 
ccntration  is  not  reached;  Dunclcer  and  Jodlbauer,  1911).     It  has  a  similar  inhibii 
effect  on  many  other  organic  ferments  and  inorganic  catalyzers  (spong>'  pUlinui 

<  Chio,  igi  I.  claims  that  the  red  color  of  fhe  venou*  blood  U  not  due  to  lei*Hif4  o^idatwn, ' 
to  more  rapid  circulation  from  vasodilation  and  cardiac  stimulation. 
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lect  on  metals  is  probiiDly  produced  by  a  minute  film  of  cyaaid,  and  its  mechanism 
is  therefore  probably  not  .inalogous  lo  that  on  organic  fermcnls. 

Action  on  Hemoglobin. — It  is  doubtful  whether  HCN  combines  directly  with 
hemoRlobin  under  ordinary  conditions.  Zcynek,  iqoi,  states  that  cyanid  does  not  com- 
bine at  all  with  hemoglobin;  and  that  ^vith  oxyhemoglobin  it  does  so  only  after  several 
hotixs;  even  at  body  temperature. 

When  added  to  methemoglubin,  it  causes  the  formation  of  cyan-hemoglobin  (Kobert, 
1891;  V.  Zcyncfc),  which  differs  from  ordinary  hemoglobin  in  its  bright  red  color  and  in  a 
peculiar  band  (Kig.  2q).  This  compound  is  responsible  for  the  bright  red  ecchymotic 
spots  seen  after  hydrocyanic  poisoning.  Methcmoglobin  can  be  used  as  a  test  for 
h>*drocyanic  acid. 

Lower  Organisms. — Cyanid  is  a  vioUrU  protoplasmk  poisoti,  presumably  through  its 
restraint  of  the  fermentations  which  play  a  most  important  rtilc  in  life  jirocesjes.  All 
forms  of  life,  all  tissues  and  organs,  are  affected.  Infusoria  arc  killed  in  a  concentration 
of  o.  I  per  cent.  The  growth  of  yeast  and  of  higher  plants,  the  germination  of  seeds,  the 
contrtictility  of  animal  cells,  the  conductivity  of  nerves,  etc.,  are  inhibited.  If  the  action 
is  sufficiently  continued,  all  vitality  is  destroyed;  but  if  the  cynm'd  is  promptly  removed, 
complete  recovery  occurs.  lu  effects  agree  with  those  of  depnx'ation  of  oxygen.  J. 
Loeo,  1910,  found  in  arbada  ova  that  this  lessens  the  toxic  effects  of  a  number  of  poisons 
(salts,  saccharose,  lipoid- narcotics),  and  Warburg,  191 2.  claims  that  the  combined  inhibi- 
tory action  of  HCN  and  hydrocarbon  narcotics  is  less  than  simple  summation.  In  cer- 
tain fish  ova,  cyanids  also  suspend  the  autolytic  processes  accompanying  death,  so  that 
the  ccUs  remain  in  a  condition  between  life  and  death  for  several  days  (SoUmann,  1906). 

Pbagocjrtosis. — ^This  is  stimulated  in  vitro  by  traces  of  KCN;  the  effect  being  anal- 
ogou.s  to  oxygen  deprivation  (H.  J.  Hamburger,  r^is). 

Inflammation. — Intravenous  injections  of  cyanid  intensifies  mustard  conjunctivitis 
(Amberg,  Loevcnhart  and  McClurc,  191 7). 

Membrane  Permeability. — Even  very  dilute  cyanid  solutions  increase  the  permea- 
bility of  Tradescantia  cells.  This  effect  is  enhanced  by  very  low  concentrations  of 
chloroform  or  alcohol;  diminished  by  higher  concentrations  (Krchan,  IQ14J. 

Other  Effects  on  Metabolism. — Severe  cyanid  poisoning  increases  th*:  total  X  ex- 
cretion, mainly  as  urea,  both  in  starving  and  in  fed  animals. 

Excised  Intestines. —  Potassium  cyanid  interferes  with  the  contractions,  especially 
of  the  higher  portions,  in  which  metabolism  is  probably  more  active  (Alvarez,  1918). 

Local  Anesthesia. — Direct  application  of  HCN,  even  to  the  intact 
skin^  produces  local  anesthesia. 

Fate. — Hydrocyanic  acid  is  very  unstable;  it  changes  very  readily,  even  by  mere 
exposure  to  light  and  air;  and  it  undergoes  still  quicker  decomposition  in  the  body. 
Part  of  it  combines  with  sulphur-containing  molecules  to  form  sulphocyanids.  A  part  is 
excreted  unchanged  by  the  lungs.  The  fate  of  the  remainder  is  unknown.  Post- 
mortera.  Waller,  igio.  found  the  largest  quantity  in  the  heart  and  brain. 

Sulphocyanid  is  found  in  the  human  parotid  saliva,  while  it  is  absent  in  that  of  all 
other  animals.  The  ncr\'ous  connection  of  the  gland  must  be  intact,  for  it  is  absent  in 
nuddle-ear  disease,  for  instance,  Juergens,  1901.  Gscheidlen  found  it  constantly  in 
human  urine;  and  Nencki  claims  that  traces  exist  normally  in  the  stomach.  Its  signifi- 
cance is  not  understood,  but  it  docs  not  result  from  bacterial  decomposition  as  was 
formerly  supposed.  It  is  suggestive  that  some  proteins  with  loosely  combined  sulphur 
convert  KCN  into  KCNS  in  vitro  at  room  temperature  (Pascheles).  Its  amount  can  be 
increased  by  taking  HCN — even  that  existing  in  tobacco  smoke  causing  an  increase. 

Acute  Cyanid  Poisoning.— Hydrocyanic  acid  is  not  much  used  in  crim- 
inal poisoning  (0.5  per  cent,  of  the  recorded  cases),  because  its  quick  ac- 
tion would  soon  lead  to  the  detection  of  the  crime.  On  the  other  hand,  it 
or  the  cyanids  are  favorite  methods  with  suiddes.  On  account  of  the 
technical  uses  of  potassium  cyanid  (in  photography,  electroplating,  clean- 
ing of  metals,  etc.),  it  can  generally  be  obtained  with  little  trouble.  Some 
cases  are  also  reported  of  accidental  poisoning  by  the  gaseous  acid. 
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Pure  h>'drocyanic  acid  is  extremely  volatile  and  ven'  toxic. 
Scbecle,   who  discovered  hydrocyanic  acid,  was  killed  m 
breaking  of  a  flask  of  this  fluid. 
^nnid  vapors  as  insecticide. 
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The  strength  of  the  oiBcial  (dilute)  acid  should  be  3  per  cent.;  but  many  sampla 
are  much  weaker,  on  account  of  decompusitiun.  Puta&sium  cyuiiid  is  also  very  variant 
The  pharmacopccia  requires  a  strength  of  90  per  cent.;  but  the  commerciaJ  artidi 
sometimes  contains  only  30  or  40  per  cent.  This  accounts  in  part  for  the  variability  il 
the  appearance  and  severity  of  the  symptoms,  .\nother  \-ariable  factor  is  the  rdl 
of  abwrption,  according  to  whether  the  stomach  is  full  or  empty.  In  tlie  latter  ^2M^ 
t^iere  is  a  much  better  chance  of  saving  the  patient.  However,  the  absorption  is  alwa|| 
veo'  rapid;  it  occurs  even  to  some  extent  from  the  intact  skin.  .Application  to  raw  s^^ 
faces  or  to  cuts  has  given  rise  to  poisoning.     Inhalation  of  the  vapors  ha.s  proven  fataL 

The  fatal  dose  of  absolute  HCK  is  alwut  0.05  Gm.  {i  gr.);  that  of  KC>f  is  0.2  to  a| 
Gm.  C.5  tos  S^-^f  that  of  dilute  hydrocyanic  acid  would  be  about  ^,5  Gm.;  50  or  ho  Bitttf 
almond  seeds,  would  be  fatal.  Correspondingly  larger  doses  are  needed  if  the  drug^  am 
impure  or  decomfxtsed.  The  impression  prevails  quite  widely  that  prussic  acid  'n  one 
of  the  most  powerful  poisons.  This  reputation  is  justified  by  its  exirenwly  rapid  acSia^ 
rather  than  oy  its  toxic  dose. 

In  the  so-called  apopkitk  form:  i.e.,  when  very  large  doses  are  toicen,  tbepaticnC 
may  fall  unconscious,  often  with  a  loud  cry,  within  ten  seconds,'  and  die  within  tuo  to 
6ve  minutes,  after  some  convulsions.  Ordinarily,  the  course  is  rather  more  prolonserj; 
several  minutes  may  elapse  after  taking  the  poison  before  any  effect  is  noticed;  death 
occurs  between  tifleen  mmutcs  to  an  hour. 

The  symptoms  consist  in  vertigo,  mental  dimness,  headache,  palpitation:  thcfl 
dyspnea,  which  may  Iw  very  great  from  stimulation  of  the  respirator\-  center:  t^^f 
patient  then  becomes  totally  unconscious  and  falls  into  violent  convulsions.  Duriac 
thi?  slaye  the  heart  may  be  greatly  quickened.  The  respiration  becomes  first  Hifiituil 
and  then  ceases.  The  heart  at  this  time  is  ver>'  much  weakened,  but  still  continues  (a 
beat  for  a  short  time  and  tbco  stops. 

The  pwrialiiy  is  very  high:  95  per  cent.  If  the  patient  survives  aa 
hour,  recovery  is  the  rule.  It  is  often  followed  by  persistent  headadtft 
tremors,  etc. 

The  prorapt  diagnosis  of  cyanid  poisoning  is  very  important  in  vicir 
of  the  treatment.  The  odor  is  quite  characteristic.  (The  student  shouI<i 
familiarize  himself  with  the  app)earance  and  odor  of  potassium  cyanid.) 
The  very  rapid  onset  of  the  symptoms  is  also  characteristic. 

At  the  autopsyy  the  odor  is  also  noticeable  on  opening  the  Iwdy.  There  are  w 
peculiar  lesions,  except  with  potassium  cyanid,  which  acts  as  an  alkaline  caustic-  TV 
ohod  is  generally  liquid,  and  remains  so  after  removal  from  the  body  (by  interfcRiKe 
with  the  fibrin  ferment).  iLs  color  is  stated  to  be  very  dark — but  this  is  not  true  of 
all  cases:  it  may  be  of  a  \*cry  bright  arterial  color.  Bright  red  ecchymotk  spots,  dw 
to  c)'an-hemoglobin,  occur  during  putrefaction.  The  final  proof  of  cyanid  poiioniM 
rests  on  chemic  tests.  The  f>oison  disappears  within  two  weeks  during  pulrefaftioa; 
but  remains  for  a  long  time  if  the  latter  is  prevented  and  if  there  is  no  evaporation. 

Chronic  Poisoning. — The  repeated  administration  of  sublethal  doses  of  cyanidsloids 
to  chronic  cache.tia,  without  altering  the  susceptibility  to  the  poison  (Schl^frl,  iS^)* 
Peripheral  neuritis  has  been  reported  fCoUinsand  Martland,  190S). 

Treatment  of  Cyanid  Poisoning.— This  must  be  very  prompt.  It  coo* 
sists  in  lavage  with  chemical  antidotes,  and  in  symptomatic  stimulation. 
The  chemic  antidotes  are  oxidizing  agents  (HiO-.-;  potassium  permanga- 
nate, l^  to  }r'2  f>er  cent.);  "arsenic  antidote;"  or  sodium  thiosulphatc 
("Hypo"),  t  per  cent.  These  form  harmless  molecular  compounds 
Unfortunately,  the  absorption  of  the  poison  is  so  rapid  that  the  antidotes 
are  often  ineffective, 

Chemic  Antidotes. — HiOs  is  only  elTecti%'e  if  the  stomach  is  empty.  It  forms  on- 
mid:  (2HCN  +  HjO,  ==>  CCO)i(NH,),.  Alkaiine  ferrous  sulphate  forms  fcrrocvaaid. 
It  was  advocated  by  Smith,  2884,  and  is  indorsed  by  Sandwick,  1906.  It  is  convei 
prepared  by  adding  FcSOi  to  the  official  "arwnic  antidnte."  Cobaltous  nitnl 
per  cent.)  forms  cobalto-cyanid;  and  thiosulphatc  forms  sulphocyanid. 
nas  g:iven  especially  good  results  as  a  prophylatic,  and  in  nitril  poisoning  tJ 

>  Xhu  ti  the  thortcst  time  rci^artcd — a  fact  which  may  t>e  of  some  inedia>lc8»l 
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(Meurice,  1900),  but  is  of  little  value  in  developed  cyanid  poisoning  (Heymans  and 
Masoin,  1897).  It  may  be  injected  intravenously  (0.5  to  i  per  cent.,  added  to  0.6 
pcx  cent.  NaCl)  or  hypodcrmically  (j  per  cent.),  using  100  to  500  c.c. 

It  has  also  been  suggested  to  bleed  the  patient  profusely,  replacing  the  blood  by 
saline  solution. 

The  symptomatic  treatment  consists  essentially  in  supporting  the 
respiration.  Brisk  artificial  respiration  should  be  begun  at  once  and 
maintained  as  long  as  the  heart,  beats.  This  acts  mainly  by  aiding  the 
elimination  of  the  poison  through  the  lungs.  Counterirritationj  and 
general  stimulants  (caffein  and  atropin)  may  also  be  used. 

Therapeutic  Uses. — The  local  anodyne  action  is  used  against  itching  of 
the  skill  and  pruritus,  against  cou^k,  and  against  vomiting. 

The  usefulness  for  these  purposes  is  doubtful  in  view  of  the  brief  action 
and  high  to.xicity.  A  more  definite  field  is  for  temporary  respiratory 
stimulation. 

Bitter  almond  water  is  used  mainly  as  a  flavor. 

Fumigation  with  HCN"  is  used  for  the  destruction  of  inserts  and  larger  vermin. 
Rather  high  concentrations  are  required  (McCUntock,  Hamilton  and  Lowe,  tp'i)* 
and  fatal  accidents  arc  frequent. 

Respiratory  Stimtdaiion  bv  Iftiravenous  Sodium  Cyani4. — TTiis  was  suggested  by 
Lcrvennart  et  ai.,  191S,  in  depression  of  the  respiration  from  intracranial  pressure; 
resuscitation  from  drowning;  aneslhtlic  accidents,  etc.  A  i;iooo  solution  m  sterile 
saline  (the  solution  must  not  he  healed)  is  injected  ordinarily  at  the  rate  of  i  c.c.  per 
30  to  15  seconds,  for  man,  continued  as  long  as  necessary.  The  injection  is  slowed  or 
stopped  on  the  appearance  of  marked  pallor,  signs  of  nausea,  marked  increase  of  pulse 
rate,  or  depression  of  respiration. 
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*Aciditm  Bydrocyan.  Dii.,  U.S.P.,  B. P.— About  2  per  cent,  of  HCN.  Colorless 
liquid,  with  odor  of  bitter  almonds.  Incompatible  with  metals.  Dose,  o.i  c.c.»  1^ 
minims,  U.S. P.;  0.12  to  0.3  c.c,  3  to  5  minima,  B.P.;  nmximum  dose,  0.3  ex.,  5  minims. 

On  standing,  it  loses  strength  rapidly^  decomposing  into  ammonium  formate 
COi,  cyanic  add,  and  a  brown  precipitate  of  paracyanoget)  (L.  \.  Brown,  igiio).  The 
decomposition  is  retarded  by  acid,  alcohol,  and  acetanjlid  (Coblentz  and  May,  1908). 

*Pot.  Cyan.,  KCN. — Occurs  usually  as  white,  opaque  masses,  with  cyanid  odor. 
Doje,  5  mg.,  H  2  Kf-     Commercial  samples  are  often  very  impure. 

Sodii  Cyanidum  (Sod.  Cyanid.),  U.S. P.;  NaCN. — White^  opaque  pieces,  or  granular 
powder;  deliquescent  in  the  air  and  exhaling  the  odor  of  hydrocyanic  acid-  Freely 
soluble  in  cold  water. 

Amygdala  Amara,  B.P.;  Bitter  Almond.— The  ripe  seed  of  Pninus  Am)*gdalus  amara. 
Contains  amygdalin,  hxed  and  volatile  oil,  etc. 

Aq.  Amyga.  Amur.,  U.S. P. — Bitter  .\lmoad  Water  contains  a  mere  trace  of  hydro- 
t>inic  acid  and  differs  from  the  pre(>aratian  of  the  same  name,  recommended  by  the 
Brussels  Conference  of  1902,  which  contains  o.  i  per  cent,  of  hydrocyanic  acid.  Dose^ 
4C.C,  I  dram,  U.S.P.;  maximum  dose,  4  c.c,  i  dram. 

Ot.  Amyed.  Amar.j  U.S. P. — The  distilled  oil.  Vields  not  less  than  85  per  cent,  of 
^zatdehyd,  and  not  less  than  2  per  cent,  nor  more  than  4  per  cent,  of  hydrocyanic 
add.     Dose,  0.03  c.c,  '^  minim,  U.S.  P. 

Sp.  Arnvf-d.  Amar.,  U.S. P. — i  per  cent,  of  oU.     Dose^  0.5  c.c,  8  minims,  U.S.P. 

BoKoidehydum,  TJ.S.P,,  CollsCOH. — An  aldehyd  produced  synthetically  or 
Stained  from  natural  oil  of  bitter  almond.  A  colorless  or  yellowish,  strongly  refractive 
liquid;  bitter-almond  like  odor;  burning  aromatic  taste.  SUghtly  sol.  in  waterj  miscibic 
inth  ale,  eth.,  and  fixed  and  volatile  oils.     Dose,  0.03  c.c,  .^  minim,  U.S.P. 

Laurocerasi  Folia,  B,P. — The  fresh  leaves  of  Prunus  I^urocerasus  (Cherry-Laurel). 

Aq.  Lauroeer.,  B.P. — 0.1  per  cent,  of  HCN.     Dose,  2  to  8  c.c,  H  to  2  drams.  B.P, 

Prunus  Virginiatui,  U.S.P.;  Prun.  Virgin.  Cort.,  B.P.  (Wild  Cherr>'  Bark).— The 
ttcm-bajk  of  Prunus  i^erotina.  Contains  tannin,  amygdalin,  and  bitter  glucosid. 
Jhse.  3  Cm.,  30  gr.,  U.S.P. 

•5yr.  Prun.  Virg.,  U.S.P.,  B.P.  (Syrup  of  Wild  Cherry).— 15  pei  cent.  Dose.,  4 
ex.,  I  dram,  U.S.P.;  2  to  4  ex.,  >^  to  r  dram,  B.P.;  mainly  as  flavor  for  cough  mixtures* 

Tr.  Prun.  Vir^n.^  B.P. — 20  per  cent.     ZJo«,  a  to  4  ex.,  H  to  «  dram,  B.P. 
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PHYSICAL  FACTORS  OF  SALT  ACTIONS 

General  Statement — The  drugs  so  far  studied  produce  their  actions 
mainly  by  entering  into  ckemic  combination  with  the  protoplasm.  Since 
these  chemic  changes  are  distinct  for  each  drug,  the  effects  are  also  dis- 
tinctive, differing  in  kind  as  well  as  in  degree.  Besides  the  properties 
which  are  ordinarily  designated  as  chemical,  substances  in  solution  or 
susf>ension  also  possess  certain  physical  properties,  depending  on  their 
molecular  state,  and  independent  of  their  chemic  composition.  These 
properties  are  possessed  both  by  the  drugs  and  by  the  cells. 

Molecules  in  solution  have  qualitatively  and  quantitatively  identical 
effects  on  the  boiling  and  freezing-point,  osmosis,  etc.,   the  so-called 
''coUigative  properties.''    By  influencing  the  osmotic  exchanges  and  the 
surface  tension,  these  alter  mainly  the  water  and  salt  content  and  internal 
pressure  of  the  cells.    This  produces  changes  in  composition  and  ther^ 
fore  in  function,  even  when  the  substance  itself  does  not  enter  into  the 
cells.     These  effects  are  produced  by  all  substances  which  form  true  sdu- 
tions  (the  "cr>-stal]oids'*).     Since  the  results  are  proportional  to  the  mole- 
cular concentration  (the  number  of  molecules  dissolved  in  the  unit  voluffle 
of  the  solvent),  their  importance  \-aries  with  the  quantity  of  the  druf 
that  can  be  introduced  without  producing  serious  chemic  changes.    These 
ph>'sical  actions  are  therefore  ph>'5iologically  insignificant  for  those  sub- 
stances which  cause  pronounced  chemic  effects.    They  are  practicaDy 
important  mainly  for  the  neutral  salts  of  alkalies,  and  are  therefore  com- 
monly called  "salt  actions."     Even  these  salts,  however,  or  rather  their 
constituent  ions,  produce  in  addition  specific  effects,  due  partly  to  their 
electric  charges,  partly  to  their  specific  chemic  properties.     Thesc^xd- 
fie  effects  may  be  called  "  ion  actions."    It  must  also  be  remembered  that 
the  cells  are  normally  bathed  in  a  saline  solution;  the  salt  and  ion  effects 
are  therefore  due  to  a  disturbance  in  the  normal  environment  of  the  ceQ, 
to  the  relative  diminution  of  the  normal  constituents,  as  well  as  to  the 
increase  of  the  added  constituent. 

The  "coUoids"^  of  the  cells  likewise  play  a  highly  important  part  io 
these  salt  actions.  Colloid  solutions,  such  as  those  of  the  protdns,  differ 
in  important  p>articulars  from  the  true  solutions,  such  as  those  of  the  salts 
although  there  is  a  gradual  transition.  In  true  solutions,  the  molecules 
of  the  solute  are  dispersed  through  the  solvent,  and  behave  very  much  as 
do  gases.  In  colloid  solutions,  the  solute  occurs  in  smaller  or  largw" 
groups  or  "aggregates"  of  molecules:  and  according  to  their  size  they  ap- 
proach more  or  less  in  their  properties  to  mere  su^>ensions  of  solids  or 
liquids.  They  therefore  lack  (practically)  the  coUigative  qualities  of  the 
true  solutions.  On  the  other  hand,  the  suspensions  exhibit  the  dcctric 
and  surface  phenomena  of  particles.  Because  of  the  rdativdy  high  state 
of  subdivision,  the  "surface  phenomeiui" — surface  toision,  adsoiption. 
catalytic  properties,  etc. — are  ver>*  conspicuous,  and  play  a  highly  h»- 
portant  part  in  the  functionation  of  protoplasm.  TTie  consistency  of  the 
protoplasm,  duid  or  gelatinous,  and  the  quantity  oi  water  imbibed,  also 
depend  on  the  colloids.  These  properties  are  greatly  influenced  by  tte 
ph>'sical.  electrical  and  chemical  conditions  of  the  medium  in  whidi  the 
coUoid  is  suspended.  It  is  in  this  interaction  of  the  saline  mediom  wi^ 
the  protein  and  lipoid  colloids  that  the  salt  actions  consbt 

•  .\=  :r.'.*m::=^  i:ic-^$»;j=  rc    '  Cc/.oii  Reactioei  is  Bk^ocr"  «  wmn  m  the  Bamr  Lk*** 
^  Hcdis.  :g:4 


^^^^P  PHYSICAL  FACTORS   OF   SALT   ACTIONS  725 

^^  COLLOIDAL  SOLUTIONS 

ReUtion  of  Colloids  aad  Crystalloids. — Graham,  1861,  divided  soluble  substances 
into  co's^lloiiJs  ^"^  colloids,  accortiing  to  whether  they  diffuse  through  parchment  and 
similar  membranes.  This  criterion  is  by  no  means  a  sharp  one,  and  has  been  supple- 
mented by  others  as  knowledge  has  increased;  hut  the  division  is  important  and  bas  Deen 
retained.  The  terms  "colloid"  and  '"crystalloid"  do  not  refer  to  any  particular  sub- 
stance or  class  of  substances,  but  to  the  physical  slate  which  may  be  assumed  by  ary 
substance  in  a  solution  under  suitable  conditions. 

As  the  size  of  the  aggregates  of  molecules  which  constitute  the  colloid  state  varies, 
the  transition  between  the  physical  properties  of  the  two  kinds  of  solutions  is  not  abrupt 
but  gradual.  Solutions  containing  discrete  molecules  (iV..  true  solutions  of  crystalloius) 
approach  the  colKiid  state  esjieciaHy  when  thu  suluLion  is  concentrated  and  the  mole- 
cules arc  large;  while  colloid  solutions  approach  true  f^lutions  when  they  are  dilute  and 
the  aggregates  arc  small.  It  must  also  be  remembered  that  there  is  no  material  differ- 
ence in  the  purely  chemical  properties  of  the  two  kinds  of  solutions.  These  arc 
essentially  the  same  for  a  given  substance,  whether  it  be  in  the  colloid  or  crystalloid 
state. 

Size  of  Particles. — This  determines  the  character  of  the  solution.  If  the  particles 
are  larger  than  o.i/i  (i.e.,  visible  with  the  ordinary  microscope),  the  mixture  is  a  suspen- 
sion (if  the  particles  are  solid),  or  an  emulsiun  {if  liquid}.  These  mixtures  are  separated 
more  or  less  rapidly  bj'  gravity.  When  the  diameter  fails  below  o.in  sedimentation 
does  not  occur,  and  the  solution  assumes  colloid  characters.  This  holds  down  too.ooi/j, 
I.e.  somewhat  below  the  limits  uf  the  uJtramicruscope  (o. 004^1),  Below  this  limit, 
the  characters  are  those  of  a  true  solution.  It  is  believed  that  molecules  are  but  tittle 
smaller  than  this  limit  (sugar,  o.ooo7>i;  NaCl,  0.00027^). 

Properties  of  Colloids. — Each  aggregate  behaves  like  a  single  molecule, 
so  that  the  molecular  concentration  of  colloid  solutions  is  relatively  low. 
Colloids  therefore  have  little  influence  on  the  osmotic  pressure,  or  boiling- 
or  freezing-point.  One  of  the  most  distinctive  properties  of  colloid  solu- 
tions is  their  turbidiiy^  which  may  be  perceived  directly,  or  only  by  the 
Tyndall  phenomenon  (viz.,  a  beam  of  light  becomes  visible  when  passed 
through  a  colloid  solution).  The  colloids  do  not  dialyze  through  parch- 
ment or  similar  membranes.  Diffusion  through  the  solvent  is  also  very 
slow  or  practically  absent. 

The  electric  properties  are  characteristic:  Colloids  are  usually  elec- 
trically charged,  the  quantity  and  sign  of  the  charge  being  variable  at 
will.  This  is  very  different  from  ions,  whose  charge  is  tixed  in  character 
and  quantity.  The  important  surface  actions  will  be  di.scussed  later. 
The  colloids  easily  undergo  further  aggregation  to  larger  particles,  i.e,, 
coagidaiion.  Colloid  solutions  are  often  permanently  changed  by  tem- 
porary physical  conditions,  such  as  boiling,  freezing  or  keeping  ihysieresis). 

Suspension  and  Emulsion  Colloids.^Colloid  solutions  again  fall  into 
two  classes;  the  susjiension  colloids,  in  which  the  particles  Uehav^e  as 
solids;  and  the  emulsion  colloids,  in  which  they  behave  as  fluids.  The 
difference  is  probably  one  of  aflinity  for  the  solvent.  The  emulsion  col- 
loids are  hydrophilic,  i.e.,  ihcy  seem  to  attract  the  solvent  into  the  aggre- 
gates which  arc  thereby  more  or  less  liquefied;  the  suspension  aggregates 
arc  hydrophobic,  i.e..  they  do  not  take  up  water,  and  therefore  remain 
discreet  and  solid.  The  emulsoids  approach  more  nearly  to  true  solutions, 
and  may  sometimes  consist  of  discreet  but  very  large  molecules.  They 
are  typified  by  gelatin  and  other  soluble  proLeins  and  are  therefore  of  a 
special  biologic  importance.  Silicic  acid  also  behaves  as  an  cmulsoid. 
The  colloid  metals  and  sulphids^  congo  red,  etc.,  are  suspensoids.  The 
emulsoids  form  viscid  sohitions  or  jellies,  lower  the  surface  tension,  and 
are  coagulated  only  by  large  quantities  of  electrolytes.  The  suspensoids 
are  not  viscid,  have  Hlllc  effect  on  surface  tension,  and  are  easily  precipi- 
tated by  traces  of  electrolytes. 
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Permanence  of  Suspensions. — It  is  a  familiar  phenomenon  (f.i.,  in  the  case  of  oit| 
or  mercury)  that  small  p.irticlcs  suspended  in  a  liquid  lend  to  coalesce  by  surface  atl 
tion,  to  form  larger  panicles.     The  molecuhr  particles  in  colloid  solutions  possess 
same  tendency,  as  is  shown  by  the  rciidiness  with  which  they  may  be  precipilat! 
They  arc  only  kept  apart  by  their  molecular  motion,  and  by  their  electric  charges, 
more  the  motion  is  increased  (e.g.,  by  increasing  the  quantity  of  solvent,  or  by  rairinf  ii 
temperiUiirc  within  tlie  limits  which  do  not  produce  chemic  changes)  the  greater  will ' 
the  tendency  of  the  aggregates  to  fly  apart,  and  to  form  smaller  aggregates.     It  is  quit 
conceivable  that  this  motion  and  separation  arc  really  electric  pkcnomrna.     Wc  ki 
that  the  colloid  particles  ma^'  be  charged  with  electricity,  cither  positive  or  negatiM 
Since  all  the  particles  in  a  solution  arc  charged  wHth  electricity  of  the  same  sign  He! 
say  with  negative  electricity,  since  this  is  the  case  with  most  protoplasm',  they  rc[ 
each  other,  just  as  do  the  gold  leaves  of  an  electroscope.     \x\y  increase  of  the  cbarit 
(negative  in  our  example)  increases  this  repulsion,  and  consequently  diminishes  the: 
of  the  aggregates  ana  the  ^^scidity  of  the  solution.     If.  on  the  other  hand^  a  snu 
amount  of  electricity  of  the  opposite  sign  (positive)  is  introduced,  some  of  the  chj 
carried  by  the  particles  are  neutralized  and  they  tend  to  coalesce.     If  this  (positi\Tl| 
electricity  is  increasefi  beyond  the  point  when  all  the  original  (negative)  charges  ai 
neutralized,  the  particles  will  become  charged  w\\.h  positive  electricity,  and  again 
apart.     These  modifications  may  be  produced  by  the  fwssage  of  an  electric  cunrntj 
and  also,  by  the  electric  charges  of  Inc  ions  (see  next  chapter)  of  electrolytes, 
latter  (salts,  acids,  and  bases)  may  therefore  influence  the  state  of  aggregation  of 
loids  by  withdrawing  water  and  by  altering  the  electric  charges.     There  is  yet  anothc 
way  in  which  the  state  of  aggregation  may  be  varied,  viz.,  by  chemic  action,    ThW 
introduces  at  once  profound  changes  in  tlie  state  of  aggregation,  and  in  the  clcctrifl| 
condition. 

All  these  changes  which  we  have  just  described  for  colloid  solutions  may  be  observed 
in  living  iclh:  Withdrawal  of  water,  lowering  of  temperature,  decrease  of  the  electric' 
charge,  and  certain  chemic  changes,  render  the  protoplasm  more  visdd,  opat]UC,  »iid 
granular,  and  diminish  its  motility.     A  reversal  of  these  conditions  leads  to  lae  oppo&ite 
effects. 

Precipitation  of  Suspension  Colloids  by  Electrolytes. — Since  suspensoids  have  no 
affinity  for  the  solvent,  they  arc  very  readily  precipitated  when  their  electric  chaip* 
are  removed.  This  occurs  most  easily  when  their  electric  charge  is  already  small 
i.e..  when  they  approach  the  "isoelectric  point."  Minute  traces  of  electrol>"tes  are  tiw 
suflicient.  The  precipitation  of  pi>sitivcly  charged  colloids  depends  mainly  on  li« 
anions,  that  of  the  negative  on  the  cathions  (Hardy's  I^w);  the  other  ions  pla>in| 
practically  no  parL  The  precipitant  power  of  the  ions  is  a  function  of  their  \TiIcnct 
(SchuUe,  1SK2  and  1SS4),  since  this  determines  their  electric  activity.  However  u>n» 
of  the  same  \-alencc  are  not  equally  active.  Commonly  there  are  also  chemic  changes 
so  that  the  precipitation  is  generally  irreversible. 

Precipitation  of  Hydrophilic  Colloids  by  Electrolytes. — These,  like  the  suspensoiiiS' 
are  precipit.-ited  only  by  flettrolytcs,  not  by  non-olectrolyzcd  crystalloids  (the  pf^j 
cipitation  of  proteins  by  alcohol  \i  due  simply  to  insolubility).  The  process,  howrvrr. 
is  probably  quite  diflcrent.  With  the  emulsoids.  much  higher  concentration*  ol  ti>c 
salts  arc  required;  the  precipitation  is  generally  reversible;  the  electrolytes  mayalsoluv< 
solvent  actions,  the  end  result  being  the  algebraic  sum  of  the  actions  of  the  calhioo  ta^ 
anion  (Pauli,  1005  and  1Q08). 

Lyotropic  Series. — The  various  ions  form  a  regular  series  ("lyotiopic 
series"),  which  is  reproduced  in  many,  different  phenomena.  The  anion 
series  run  SCN,  I<ClO3<N0.i,  Br<Cl<CH3C00<S0*,  PO<ur- 
trate<  citrate. 

With  (negative)  proteins,  lecithin,  etc.,  the  left  side  of  this  scries  i* 
solvent,  the  right  side  precipitant.  They  have  a  similar  influence  on 
heat-coagula(ion  temperature;  on  the  solubility  of  globulins;  on  the  ^lu- 
bilily  of  gases,  alcohols,  etc.;  on  the  viscidity  and  surface  tension  of  wale; 
on  the  safx)nification  of  esters,  etc.  It  has  been  suggested  thai  all  these 
phenomena  can  be  explained  by  the  progressive  affinity  of  these  sails  for 
water,  thus  competing,  e.g.,  with  the  emulsion  colloids. 

The  alkali  cathions  are  much  less  important  Their  scries  runs  rather  iitepiUrtT 
generally  Mg<  NH4<  K<  Na<Li  (U  being  most  precipitant).  If  the  electric  chirj* 
of  the  colloid  is  reversed,  J.i.,  by  acids,  then  the  anion  and  calhion  scries  are  «1» 
reversed. 
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e  earthy  melals  (Ca,  etc.]  form  irreversible  precipitates.  They  also  reverse  the 
charge  and  therefore  the  effects  of  the  anion  senes  (Mg  acts  like  tlic  alkali  oietaJs). 
The  tendency  to  irreversible  precipitation  is  very  much  greater  \vilh  ntrtaliU  salts. 

Electric  Condition  of  Proteins. — The  amino-acid  character  of  proteins  renders  them 

amphoteric  electrolytes,  in  which  the  acid  character  predominates.     They  arc  generally 

positively  charged  in  acid  solutions,  negatively  in  alkaline.     If  they  are  brought  to 

!   the  isoelectric  point  (H-ion  concentration  about   2  X  io~*)  all  coagulation  reactions 

reach  their  maximum,  and  the  Nnscidity  is  lowest  (Pauli,  iQi.;)- 

The  colloids  of  the  Hung  cytoplasm  arc  predominantly  electronegative;  hemoglobin 
I  is  positive.  Scrum  proteins  are  ahva>'s  positively  charged  in  alkaline  and  neutral, 
'  as  well  as  in  acid  solutions  (Field  and  Tcague,  1007). 

I         ProUinioH  Compounds.— \\  must  not  be  forgotten  that  proteins  are  also  capable  of 
"  ordinary  chemic  reactions  and  combinations.     They  may  form  complex  salts,  not  only 

t  acids  and  alkalies,  but  also  with  neutral  salts;/.r.,  with  chlond  ions  (Or>'ng  and 
,  1915)- 
l>oeb,  attributes  the  differences  in  the  swelling  of  gelatin  in  various  salt  solutions 
p  formation  of  ionizablo  gclatin-anion  salts. 
I         Mutual  Precipitadon  of  Colloids. — Colloids  of  opposite  electric  charge  precipitate 
I  each  other  by  neutralization.     Kmulsoid.s  may  also  be  precipitated  by  suspcnsoids, 
irrespective  of  the  charge,  perhaps  by  an  adsorption  process.     On  the  other  hand,  excess 
of  tie  hydrophilic  colloiu  prevents  precipitation,  and  protects  suspcnsoids  against 
precipitation  by  other  substances.     It  is  conceivable,  in  these  cases,  ttiat  the  emulsoid 
\  envelops  the  suspcnsoid  particles,  and  thus  confers  on  them  hydrophilic  properties. 
I  An  important  illustration  of  this  phenomenon  is  the  inhibitory  action  ol  serum  on  the 

I  precipitation  of  urates,  calcium  salts,  etc.     Colloids  also  modify  the  solubility  of  elec- 
I  troIvle>  f  Pauli  and  .Samcc,  1000)- 

felectrolytes  on  Osmotic  Pressure  of  Colloids. — Acids  and  alkalies  increase  the 
osmotic  pressure,  salts  generally  cause  a  decrease,  while  non -electrolytes  arc  indifferent 
(R.  S.  Ullie,  XQ07). 

Gels. — Solutions  of  hydrophilic  coUoids,  when  very  viscid,  form  jellies 
or  '"gels,"  such  as  gelatin,  agar  or  protoplasm.  The  high  viscidity  means 
that  there  is  but  little  solvent  between  ihc  particles;  either  because  the 
particles  are  naturally  large,  or  have  swollen  by  taking  up  the  solvent; 
or  because  the  amount  of  solvent  is  relatively  small.  Gels  may  arise  in 
any  of  these  ways. 

M.  H.  Fi-icher  and  Coffman,  1918,  contend  that  the  hydration  and  solution  of 
proteins  are  not  merely  steps  in  the  same  process,  but  that  diHercnt  factors  arc  involved, 
especially  pulymerixation. 

The  gel  resembles  a  solid  in  preserving  its  form,  when  it  is  not  subjected  to  cxtcrtud 
agencies.  But  it  also  resembles  fluids  in  being  readily  changed  by  external  causes,  and 
in  permitting  the  penetration  of  water,  and  the  diffusion  of  crystalloids.  The  Utter 
penetrate  it  almost  as  rapidly  as  they  would  water.  Chemical  reactions  may  occur  in 
Its  interior  very  much  as  they  would  in  water.  Other  coUoids,  however,  can  not  diffuse 
through  a  gel. 

In  fact,  gels  retain  all  the  characters  of  hydrophilic  colloids,  and  are 
influenced  in  the  same  way  by  salts;  as  seen,/.!,,  in  imbibition. 

Imbibition. — Plates  of  gelatin  (glue)  or  other  hydrophilic  colloids, 
when  laid  in  water  or  watery  solutions,  imbibe  a  certain  quantity  of  water 
and  dissolved  substance,  and  thus  swell.  The  water  is  attracted  and  re- 
tained with  considerable  force,  according  to  the  affinity  of  the  emulsoid 
for  water.  This  mechanism  is  important  in  the  regulation  of  the  fluid 
content  of  the  cells  and  tissues.  The  colloid  must  compete  for  the  water 
with  the  other  dissolved  substances.  The  imbibition  is  therefore  in- 
fluenced by  the  anion  series,  in  the  usual  order;  iodid  to  chlorid  increasing, 
acetate  to  sulphate  decreasing  the  imbibition  (Hofmeister.  1801).  The 
cathions  have  relatively  little  effect,  OH  and  still  more  H  ions  greatly 
jncrease  imbibition  (Spiro,  1904:  Oslwaid.  1005), 
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Injhicfice  of  Reaction. — Adds  and  alkalies  increase  the  imbibition  of  gelatin,  not  only 
in  water,  but  also  in  solutions  of  phosphates,  citrates  and  carbonates  (Fischer  and 
Hooker,  iqi8).  The  reaction  that  gives  the  minimal  imbibition  is  different  for  gelatin 
and  fibrin  (Fischer  and  Benzingcr,  iqi8). 

Concentration  of  tfit  Salts. — The  eifectofelectrol)^cson  imbibition  is  largely  influencrO 
by  the  concentration  of  the  salt.     EhrenlHTg,  1913,  found  the  lyotronic  series  revened 
for  gelatin  when  dilute  solutions  were  used  (^  less  than  0.5).    Ostwala  (1Q16)  olsoooM 
that  tlic  results  diiler  according  to  whctJier  dry  gelatin  is  used  (OstwaJd)  or  moist  geUt 
(Lcnk). 

Lenk  (1916)  found  that  for  the  salts  of  most  monobasic  anions  (chlorids,  etcj 
swelling  increases  with  the  concentration;  whereas  with  dibasic  and  tnbasic  anioi 
(sulphates,  dtrates,  etc.)  the  maximal  swelling  occurs  with  medium  concentrations. 

N on- Electrolytes. — The  swelling  of  gelatin  is  also  influenced  by  noD-eIcctrol>ies,  beint 
decreased  by  sugars  and  glycerin,  and  increased  by  alcohol  and  especially  urea  (Paul 
and  Rona,  1902).  In  mixtures,  the  swelling  corresponds  to  the  simple  algebraic  suin 
of  the  effects  of  the  constituents.  Entirely  analogous  results  are  pro<lured  on  the  coagu- 
lability L>f  gelatin  stilutions;  this  being  increased  by  the  substances  which  lessen  swcUinf;, 
and  vice  versa  ("Pauli,  igo?). 

Sugars  retard  the  diffusion  of  H+  ions  through  gelatin  (Graham  and  Graham,  1919^ 

Id  agar  jellies,  the  phenomena  are  exactly  reversed.  According  to 
Ehrenberg,  191  5,  the  lyotropic  series  is  reversed  for  gelatin  when  the  cod- 
centration  of  the  salts  is  low  (A<o.5). 

Distribution  of  Salts  in  Imbibition. — The  gelatin  also  takes  up  the  solutes.  Hof- 
meister  found  that  the  quantity  taken  up  increases  with  the  concentration  of  the 
solutibn,  to  a  certain  limit,  which  is  reached  late  with  the  iodid  end  of  the  scries,  aftd 
eariy  with  the  sulphate  group.  This  influences  the  imbibition,  for  enough  water  mtot 
then  be  taken  up  to  render  the  salt  isotonic;  and  this  would  be  greater  for  the  large  guuh 
tity  of  iodid  than  for  the  small  quantity  of  suljihatc  which  the  gelatin  has  imbrtwd. 

Sttbseqiient  Washing. — When  powdered  gelatm  is  soaked  in  salt  solutions  and  tbm 
washed  with  water,  the  imbibition  series  is  quite  different  from  that  of  llofmcisirf. 
J.  Loeb  (1918)  considers  that  the  phenomena  suggest  the  formation  of  ionixablc  gcUbc 
salts  with  the  anions. 

He  also  finds  dgiS]  that  neutral  salts  with  mono\'alcnt  cathions  increase  thcntcmty 
of  gelatin  solutions;  those  with  bivalent  cations  do  not. 

Agar  Jellies. — The  effects  of  the  Hofmeister  scries  are  the  reverse  of  those  on  gelatin. 

Surface  Phenomena. — Surfaces — the  planes  of  separation  of  t»fl 
phases — give  rise  to  very  important  phenomena,  such  as  surface  tension 
and  adsorption.  These  are  especially  prominent  in  colloids  and  therefore 
in  protoplasm,  the  particles  of  which  give  rise  to  very  extensive  surfaa* 
(A.  B.  Macallum,  1Q12  and  iqi.s). 

Surface  Tension. — This  is  manifested  in  the  tendency  of  Uquids  U 
assume  a  spherical  form,  so  as  to  present  the  smallest  possible  surfart. 
It  may  be  explained  by  the  mutual  attraction  of  the  molecules  (estimaic*! 
at  io,ocx>  to  25,000  atmospheres).  The  molecules  in  the  interior  of  \hc 
fluid  are  attracted  equally  by  the  molecules  on  all  sides;  but  at  the  surfacr, 
the  attraction  of  the  molecules  from  within  is  not  balanced  by  any  rooI^ 
cules  outward.  Consequently,  the  surface  molecules  are  subjected  to  4 
strong  pull  from  the  interior,  constituting  the  siu'face  tension  (Scgncr, 

^750- 

The  degree  of  this  force  depends  on  the  nature  of  the  fluid,  on  the 
temperatiu*e,  and  on  electric  forces:  Heat  and  electric  charges  dccrta^ 
the  surface  tension,  because  they  increase  the  distance  between  the  mok- 
cules  and  therefore  diminish  the  molecular  attraction  (by  the  fourth 
power  of  the  distance).  Surface  tension  may  also  be  resisted  by  the  at- 
traction of  the  second  phase  (the  air,  glass,  etc.)  on  the  surface  molccul<^ 
of  the  liquid.  Surface  tension  may  be  measured  by  the  ri5?c  of  capilUO' 
surfaces,  or  by  the  ntimber  of  drops  delivered  from  a  given  surface 
(stalagmometer). 
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Biologir.  Importance  of  Surface  Tension,— This  is  concerned  in  the  shape 
and  size  of  the  cells;  in  the  consumption  or  liberation  of  cnergj'  (for  any 
change  in  surface  tension  implies  a  corresponding  change  in  energ>');  and 
in  the  distribution  of  solutes.     Only  the  last  need  be  considered  Fiere. 

SohUes  ofi  Surface  Tensiofi, — Dissolved  substances  generally  modify 
the  molecular  attraction  and  therefore  the  surface  tension.  In  watery 
solutions,  inorganic  substances  generally  increase,  organic  generally 
diminish  Llie  surface  tension;  hut  there  is  no  simple  general  law,  and  the 
effect  is  not  simply  proportional  to  the  concentration. 

DistribtUion  of  Soluies  on  Surfaces. — Solutes  which  alter  surface  tension 
are  not  distributed  equally  through  the  fluid,  but  in  such  a  way  that  sub- 
stances which  lower  surface  tension  are  more  concentrated  on  the  surface 
(positive  adsorption)  and  vice  versa;  i.e.,  the  solute  goes  to  the  point  where 
the  tension  is  lowered.  This  is  explained  by  the  Gibbs  (i878)-Thompson 
(1886)  principle  (the  concentration  throughout  a  fluid  system  tends  to  be 
so  adjusted  as  to  reduce  the  energy  at  every  poiiit  to  the  minimum). 

Distribution  of  Salts  in  Cells. — Whenever  the  surface  tension  is  re- 
duced, the  solutes  will  be  concentrated  at  the  surface,  irrespective  of  iheu* 
distribution  under  ordinary  conditions.  Accordingly,  the  distribution 
and  transportation  of  substances  in  cells  may  be  controlled  by  changes  in 
their  surface  tension.  Macallum  has  shown  this  to  be  true  for  K  and  CI, 
and  probably  for  other  ions;  and  has  pointed  out  the  important  part  which 
this  may  play  in  the  mechanism  of  secretion  and  absorption;  ameboid 
and  muscular  movements;  nerve  impulse,  narcosis,  etc. 

SolatioQ-Affinity;  "Hftft-druck."— The  surface  condensation  is  proportional  to  the 
lowering  of  surface  tension.  A  substance  that  lowers  surface  tension  therefore  passes 
more  readily  out  of  the  solution  and  into  the  surface.  In  the  phrascolog>'  of  Traube, 
such  a  substance  has  a  low  soludon-affinity  or  "Haft-druck."  He  believes  that  this 
favors  the  penetration  of  the  substance  into  cells  or  through  inembrancSj  and  that  it  is 
in  essential  factor  in  narcosis  and  osmosis. 


Adsorption. — The  concentration  of  solutes  on  surfaces  is  ilJustralcd  by 
the  adsorption  of  dissolved  substances  by  powders;/./.,  by  the  decoloriza- 
tion  of  potassium  permanganate  by  filtering  through  sand;  the  adsorption 
of  colors  or  alkaloids  by  charcoal,  etc.  This  adsorption  is  a  very  rapid 
process. 


^^H       Sugars  are  not  adsorbed  because  they  have  relatively  little  effect  on  surface  tension. 

^^m  TTiesc  adsorptions  arc  reversible;  i.e.,  the  adsorbed  substance  may  be  removed  by  the 
•dditioQ  of  another  solute  which  lowers  surface  tension  more  powerfully.  If  several 
Buhstanccs  arc  present  toffethcr,  each  is  adsorbed  less  than  if  it  is  adsorbed  alone.  Salts 
Buy  have  a  marked  influence,  f.i.,  diphtheria  toxin  in  pure  solution  is  scarcely 
•iJsorbed  by  bone-black,  but  is  perfectly  adsorbed  from  normal  saline  or  Ringer's 
solution  (Jacqu/'  and  Zunz,  1909). 

Catalytic  Actions. — Adsorption,  by  brinmng  the  dissolved  molecules  into  closer 
cmiact,  facilitates  chemic  reactions.  Accordingly,  suspension  colloids  with  their  large 
Mrfaces  generally  act  as  catalyzers.  The  application  nf  ads<)rption  to  ferment  action 
^discussed  by  Bayliss,  ioiS»  in  his  paper  on  "Phase  Boundaries." 

Memtirane  Formation. — If  the  adsorbed  substance  increases  viscidity,  its  concen- 
tmtion  on  the  surface  may  produce  resistant  membranes,  such  as  occur  in  the  shaking  of 
proteins,  saponins,  soaps,  many  dyes,  etc.  The  adsorption  of  calioids  also  presents  some 
cticr  peculiar! tiea;/.t.,  it  is  generally  irreversible;  cr\*stalIoids  do  not  displace  each  other; 
tod  the  adsorption  i."!  not  proportional  to  the  concentration,  as  it  is  with  cr^'stalloids. 
TTie  Physical  Status  of  Emulsions. — Emulsions  consist  of  &nc  and  permanent 
Ri.'ipensions  of  one  liquid  in  another;  immiscible  liquid;/./,  oil  in  water,  or  vice  versa. 
Surface  tension  tends  to  make  immiscsblL-  liquids  scparalc.     This  tendency  may  be 

I       overcome  by  lowering  the  surface  tension  of  the  dispersing  medium(as  by  saponin  or  soap) 

I       Of  by  increasing  its  x-iscosity,  and  by  adsorbing  the  water  by  hydrophiUc  colloids  (as 


?30 


IfANUAL    OF   PHARMACOLOGY 


by  gums  or  proteins).     Emulsification  by  colloids,  is  destro>'ed  if  an  excess  of  water 
added,  or  if  the  affinity  of  the  colloid  for  salts  is  diminished.     (Fischer  and  Hooker. 
2916;  Room,  1916). 

The  water-soluble  alkali  soaps  secure  the  suspension  of  lipoids  in  water,  whibt 
the  oil-soluble  calcium  soaps  change  the  phases  so  as  to  suspend  the  water  in  the  oil. 
With  the  alkali-soapB,  droplets  of  oil  arc  suspended  in  a  continuous  matrix  of  water; 
with  calcium  soaps,  droplets  of  water  arc  suspended  in  a  matrix  of  oU.  The  additiur  ci 
sodium  or  calcium  ions  therefore  changes  the  phase  of  an  emulsion.  It  also  lbertb> 
influences  the  permcabihty;  the  eflect  of  electrolytes  on  the  permeability  of  soap-films 
being  similar  to  their  effects  on  the  permeability  of  U\ing  cells;  the  sodium-soap  sy%Um 
being  freely  permeable  to  water,  the  calcium  system  being  impermcable.(Clowcs,  1914 

to  IQI6). 

Most  protoplasm  contains  emulsions.  Fischer  looks  upon  fatty  degeneration  1* 
due  largely  to  the  breaking  up  of  these  emulsions  by  dinunishcd  water-affinity  of  tbr 
cell  colloids. 

The  analogies  of  the  fat  in  protoplasm  with  that  in  emulsions  is  discussed  by  Fiscbrr 
and  Ijooker,  1916. 

OSMOSIS 

Osmotic  Phenomena  of  Crystalloids. — These  belong  to  the  more  im- 
portant effects  of  the  liio-chemically  inactive  salts  and  other  cn.'stalloids, 
and  of  water.  They  occur  whenever  two  solutions  of  different  (molecularl 
concentration  are  separated  by  a  {** semipermeable*^)  membrane  that  per- 
mits the  passage  of  the  solvent,  but  which  interposes  an  obstacle  to  tiie 
free  diffusion  of  the  solute.  Dissolved  molecules  always  tend  to  distriltuc 
tliemselves  equally  throughout  a  solvent.  If  their  passage  is  himJcrnl 
by  a  membrane,  ihe  equality  can  only  be  obtained  by  the  passage  of  the 
solvent  from  Liie  more  dilute  to  the  more  concentrated  solution.  The 
more  concentrated  solution  therefore  tends  to  increase  in  volume.  W 
this  increase  is  prevented  (e.g.,  if  the  solution  is  inclosed  by  rigid  walk). 
a  certain  ** osmotic  pressure'*  is  developed.  The  phenomenon  is  illustrated 
by  the  familiar  "egg"  experiment;  by  the  swelling  of  red  blood  and  other 
cells  in  water;  and  conversely,  by  the  shrinking  of  plant  cells,  and  aena- 
tion  of  red  corpuscles  in  strong  salt  solution. 

Egg  Experiment. — The  shell  is  removed  from  the  broad  pole  of  an  egg,  but  withoot 
brejiking  tlic  inner  "skin."  The  narrow  pole  is  then  pierced  through  the  skin  with  1 
needle,  and  over  this  hole  a  long  narrow  glass  tube  i<;  cemented  n-ith  sealing  wax.  WVd 
the  prepared  egg  is  set  in  a  glass  of  water,  the  fluid  rises  slowly  in  the  tube  to  a  000- 
siderablc  height.  The  contents  of  the  egg  contain  salts,  and  therefore  have  a  I^brr 
molecular  concentration  than  the  water.  The  "  skin  "  of  the  egg  acts  as  a  partly  wtm- 
permeable  membrane. 

Osmotic  Pressure  and  Molecular  ConcentratioD. — If  the  membrane 

Is  "strictly  semipermeable" — i.e.,  freely  permeable  10  the  solvent,  \>va 
absolutely  impermeable  to  the  solute — then  the  amount  of  the  osni»>iK 
pressure  is  strictly  proportional  to  the  difference  in  the  molecular  conc^-n- 
tration  of  the  two  liquids,  independent  of  the  nature  of  the  molecules, 
The  stronger  solution  Is  said  to  be  hypertonic,  the  weaker  hypolonic.  If 
the  solutions  on  the  two  sides  are  equimolecular,  /.e.,  have  the  same  molec- 
ular concentration,  there  will  be  no  tendency  to  movement  of  the  solvent 
and  therefore  no  pressure;  or  more  accurately,  no  difference  in  the  pressure. 
The  two  solutions  will  be  uoiortic. 

Strictly  and  Partly  Semipermeable  Membranes. — Only  coUoids.  or- 
ganic or  inorganic,  can  form  semipermeable  membranes  (Alonie;  McigN 
igi5).  The  envelope  or  boundarv'  layer  of  all  cells — and  indeed  the 
interior  cytoplasm  (Kite,  1913) — offers  more  or  less  obstacle  to  the  passa^ 
of  solutes,  and  is  therefore  more  or  less  semipermeable.    MembnoO 
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produced  artificially  by  precipitating  ferrocyanid  of  copper  in  the  pores 
of  an  unglazed  porcelain  cup  are  almost  ideally  semipermeable  to  sugar 
(Traube,  1S67).  They  arc,  however,  permeable  to  NaCl  and  K.C1.  The 
envelopes  of  certain  vegetable  and  animal  cells,  /./.,  the  red  blood  cor- 
puscles, also  approach  fairly  closely  to  the  definition.  Most  cells,  how- 
ever, and  dialyzing  membranes  in  general,  are  not  absolutely  impermeable 
to  the  solutes,  but  offer  only  a  partial  obstacle  {"'partly  semipermeable 
membranes'');  so  that  the  solutes  pass  the  membranes,  but  more  slowly 
thaji  does  the  solvent.  In  this  case,  the  concentration  is  equalized  partly 
by  the  passage  of  the  solute,  and  to  a  correspondingly  smaller  degree  by 
the  passage  of  the  solvent;  so  that  the  osmotic  pressure  is  correspondingly 
less  than  with  strictly  semipermeable  membranes. 

Differences  in  Penneability  of  Solutes. — Semipermeable  membranes 
are  not  usually  equally  impermeable  to  all  solutes,  but  permit  some  lo 
pass  rapidly,  others  more  slowly.  This  will  establish  differences  in  osmotic 
pressure,  because  the  dialyzable  substance  will  pass  across  to  the  non- 
dialyzable.  Non-dialyzable  solutes  arc  therefore  hypertonic  to  those 
which  are  easily  dialyzable.  It  is  important  to  note  that  the  passage  of 
the  fluid  and  the  osmotic  pressure  are  governed  not  only  by  the  molecular 
concentration,  but  also  by  the  permeability  of  the  membrane  to  different 
substances. 

Empiric  Laws  of  Osmosis.^For  convenience,  the  data  which  have 
been  discussed  in  the  preceding  paragraphs  may  be  summed  up  in  the  form 
of  laws: 

I.  Solutions  separated  by  a  membrane  permeable  to  water  lend  to 
have  an  identical  molecular  composition,  both  in  number  and  kind  of 
molecules. 

3.  If  the  membrane  is  perfectly  permeable  to  both  solvent  and  dis- 
solved substance,  the  exchange  of  molecules  will  take  place  without 
diange  in  pressure  or  volume. 

3.  If  the  membrane  is  less  permeable  to  the  dissolved  substance  than 
lo  the  solvent,  an  increase  of  liquid,  or  increase  of  pressure  will  occur  in 
the  stronger  solution. 

4.  If  a  membrane  is  differently  permeable  to  one  dissolved  substance 
than  to  another,  equimolecular  solutions  of  the  less  diffusible  substance 
^ill  he  hyperisotonic  to  the  more  diffusible. 

Nature  of  Osmosis. — Several  theories  are  current  for  the  explanation 
of  osmotic  pressure.  The  most  important  are  the  kinetic  motion  theory 
ofVan't  Hoff;  the  solution-affinity  theory  of  Kahlenberg;  the  hydration 
llieor>'  of  Morse;  and  the  surface-tension  thcor>'  of  Traube.  None  of 
lliese  theories  is  conclusively  proven  to  the  exclusion  of  the  others.  It 
s  conceivable  that  ail  these  processes  are  concerned  in  the  passage  of  the 
Solution;  but  that  the  actual  pressure  is  caused  by  the  motion  of  the  mole- 
cules, as  formulated  by  Van't  Hoff. 

Van't  Hofif' s  Theory  of  Osmotic  Pressure. — This  is  the  theory  which 
'las  found  the  widest  acceptance  among  physicists.     From  the  observa- 
tions of  osmotic  pressure  by  means  of  Pfeffcr's  ferrocyanid  of  copper  cell, 
V'an'i  Hoff  (1885  and  1887)  arrived  at  the  conclusion  that  the  [jhenomena 
**f  osmotic  pressure  are  governed  by  the  same  laws  as  the  pressure  of  gases, 
Quantitatively  as   well   as   qualitatively.     This   would   imply,   thai    the 
I   -pressure  in  both  cases  is  produced  by  the  same  cause,  namely,  the  kinetic 
k^botion  of  the  molecules  bombarding  the  walls  of  the  container.     Dis- 
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solved  molecules  would  behave  precisely  like  gaseous  molecules.  The 
membrane  would  play  a  purely  passive  part;  being  important  only  by 
making  the  kinetic  motion  manifest  to  the  senses. 

According  to  the  Van't  Hoff  theory,  the  molecules  of  both  solvent  and  solute  tre 
in  constant  motion,  moving  with  the  same  energy  as  if  they  were  in  the  form  of  &  gis. 
Ever>'  molecule,  by  striking  against  the  walls  of  the  container,  or  af^ainst  other  mole- 
cules, exerts  a  certain  pressure,  which  is  precisely  the  same  whether  the  substance  is  in 
the  form  of  a  ^as  or  of  a  solution.  If  the  same  numtier  of  molecules  per  cubic  spatr 
exist  in  two  solutions  separated  by  a  scmijicrmcable  membrane,  the  pressure  will  bf 
equal  on  each  side  of  the  membrane.  The  nature  of  the  molecules  is  immaterial  in  this, 
as  long  as  they  all  penetrate  through  the  membrane  with  eaual  readiness.  If  all  thf 
molecules  ran  pass  through  the  membrane,  an  exchange  will  take  place;  but  since  is 
many  pass  to  one  side  as  to  the  other,  there  will  be  no  difference  in  the  pressure  in  the 
t  wo  compartments.  If,  on  the  other  hand,  the  molcules  on  the  one  side  can  pas 
through  readily,  while  some  of  rhc  molecules  on  the  other  side  are  not  capable  of  diffuac^ 
through  the  membrane,  then  the  pressure  in  the  two  compartments  will  become  unequii- 

In  an  osmotic  cell,  the  non-diffusible  molecules  will  all  rebound  from 
the  membrane,  and  so  remain  confined  to  their  own  side.  The  difFusiblf 
molecules  will,  like  gases,  tend  to  pass  through,  irrespective  of  the  other 
molecules,  until  they  exist  in  equal  concentration  on  each  side,  i'.?.,  iinnl 
the  partial  pressure  of  each  kind  of  molecule  is  the  same  on  both  sides. 

If  a  solution  consisting  of  x  molecules  of  salt  and  (y  —  x)  molecules  of  wfttei  pff 
cubic  centimeter  were  inclosed  in  a  closed  vesel  and  separated  from  wateroontauuvs 
y  molecules  f>er  cubic  centimeter  by  a  semipermeable  membrane,  then  water  would  pw 
into  the  solution  until  it  also  contained  y  molecules  of  water  per  cubic  ceoUmetcr. 
But  it  would  then  also  contain  x  molecules  of  salt.  Its  total  molecular  concentntioB 
per  cubic  centimeter  would  therefore  be  y  H-  r;  higher  by  jr  than  that  of  the  liquid 
outside  of  the  vessel.  The  pressure  in  the  vessel  would  therefore  be  increased  bjr  s 
molecules. 


The  process  might  be  represented  as  follows: 

Partial  Molecular  concentration:  yBsOx  salt 

\y  -  xHfO 
Total  Molecular  concentration:  v  |« 


tends  to  become . 


This  excess  of  total  molecular    concentration  constitutes  the  osm^ic 
pressure. 

An  experiment  analogous  to  osmosis  can  be  performed  on  gases  directly.  PalUdiia 
is  permeable  for  H  but  not  for  \.  Ramsay,  1894,  found  that  when  a  palladium  vts^l 
is  filled  with  N,  closed,  and  immersed  in  an  atmosphere  of  H,  the  pressure  rises  withifl 
the  vessel  until  it  exceeds  the  outside  pressure  by  the  partial  pressure  of  the  H.  How- 
ever, this  experiment  could  also  be  explained  by  the  other  theories^ 

Application  of  Gas  Laws  to  Osmotic  Pressure. — Van't  Hoff  claimed  as  chief  sapport 
of  his  theory,  that  the  osmotic  pressure  obeys  quantitatively  the  laws  of  gas  pressait. 
As  applied  to  osmotic  pressure,  these  would  read:  Boyle- Afariotte's  Laws:  With  cottStlBt 
temr>eraturc.  the  osmotic  pressure  of  a  solution  is  proportional  to  its  conocntntioA- 
Under  standard  conditions,  a  gram-molcculc  distributed  over  a  liter  of  spnct,  twtt 
ja.j4  atmospheres  of  pressure. 

Gay-Lussa^\  Liws:  With  equal  concentration,  the  osmotic  pressure  grows  b?' 
.^^73  'or  each  degree  C. 

Avoga^ro's  Imws:  With  equal  osmotic  pressure  and  equal  temperature,  equal  volume* 
of  solutions  contain  the  same  number  of  dissolved  molecules,  and  the  same  number  4± 
would  be  contained  in  an  equal  volume  of  gas  of  the  same  temperature  and  pressure. 

Experimental  Evidence. — The  e.xperimental  confirmation  of  these  hiws  is  uirfor- 
tunatcly  very  incomplete  (Kahlcnberg),  because  of  the  difficulty  of  conslrttctlBF 
strictly  semipermeable  membranes  which  will  resist  the  high  pressures.  The  cipoi- 
mcnls  which  form  tJic  original  basis  of  the  Van't  Hoff  theory  were  \-ery  inaccutate- 
Since  tlten,  only  a  few  rigorous  determinations  of  absolute  osmotic  pressure  have  bem 
attempted  (especially  by  Morse,  Holland  and  co-workers,   1911  and   tqi3).    Tbec 
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showed  a  good  agreement  with  the  theory;  but  they  were  confined  to  a  single  type  of 
membrane  (ferrocyanid  of  copper)  and  to  a  single  substance  (cane  sugar),  within  a 
limited  range  of  concentration  and  Icmpcraturc.  Outside  of  these  limits,  there  were 
considerable  discrepancies.  The  numerous  determinations  of  relative  osmotic  pressure, 
which  can  be  easily  made,  are  inconclusive;  for  while  they  agree  with  this  thcoo'i 
they  alK)  harmonize  willi  the  compeling  theories.  On  the  other  hand,  Kahlenberg, 
using  difTcrcnt,  but  typically  semipermeable  membranes,  finds  that  the  gas  laws  do 
not  nold  at  all;  and  that  the  phenomena  can  be  explained  quite  simply  on  an  entirely 
I    different  basis.     The  c\'idencc  for  the  Van't  Hoff  thcor>'  is  therefore  incomplete. 

Advantages  of  the  Van't  Hoff  Theory.^This  is  very  attractive  in  thai  it  reduces  all 
the  ph>*sical  phenomena  of  gases  and  solutions  to  a  common  basis,  and  Uiercby  j>ermit5 
convenient  and  far-reaching  theoretical  and  practical  deductions.  For  instance,  by 
postulating  that  osmotic  pressure  is  directly  proportional  to  the  molecular  concentration, 
It  justifies  the  substitution  of  an  easy  calculation  for  the  very  difficult  e.xperimental 
determination  of  the  prcsure.  Since  it  assumes  that  the  membrane  is  purely  passive, 
it  permits  the  calculation  of  osmotic  pressure  in  situations  which  arc  inaccessible  to 
direct  experimentation.  In  a  word,  ii  it  is  correct,  it  makes  the  difficult  method  of 
direct  experimentation  more  or  less  superfluous,  substituting  for  it  an  easily  applied 
formula.  This  would  he  highlv  convenient  and  desirable— but  before  rcl>'ing  on  such 
deductions,  the  correctness  of  tlie  formula  must  be  more  securely  estabhshed. 

Kahlenberg's  Theory. — This  has  the  advantage  that  it  furnishes  the 
simplest  explanation  of  the  nature  of  osmotic  pressure;  and  that  it  is  in 
the  best  accord  with  these  phenomena  as  exhibited  in  living  structures. 
The  theory  refers  osmosis  to  solution-af&nity,  and  may  be  best  understood 
from  an  experiment  made  by  L'Hermite  in  1854. 

L'Hermite's  Experiment. — A  layer  of  chloroform  is  poured  into  a  vessel,  then  a  byer 
of  water,  and  linalty  a  layer  of  ether.  Even  if  any  mechanical  mixing  of  the  strata  is 
carefully  avoided,  it  will  be  found  that  ihc  ether  layer  gradually  diminishes.,  until  6nally 
Uxre  are  only  two  layers,  the  upper  containing  mainly  the  water*  the  lower  the  chloro- 
form and  the  ether.  In  other  wards,  the  ether  has  passed  through  the  water  into 
the  chloroform,  just  as  water  passes  thrnugh  a  semipermeable  membrane  into  a  salt 
ailution.  Hie  analogy  can  be  carried  even  further:  If  a  cork  saturated  with  water  is 
firmly  wedged  between  the  ether  and  chloroform  layers  and  the  chloroform  compart- 
ment is  connected  with  a  manometer,  a  very  considerable  pressure  will  be  developed. 
Analogous  experiments  have  been  devised  by  Nernst,  1890  (passage  of  ether  into  benzol, 
through  pig's  bladder),  and  by  Gies,  1912  (passage  of  ether  into  oil,  through  rubber 
condom). 

It  is  difiScult  to  see  in  what  essential  respect  these  arrangements  differ  from  an 
osmotic  cell.  In  both  cases  two  dissimilar  fluids  are  separated  by  a  septum.  In  both 
ca*e5.  one  of  the  Quids  passes  into  the  other;  and  if  this  is  pr^'ented,  a  pressure  is  pro- 
jhictd.  In  L'Hermite's  experiment  vv*e  can  easily  see  the  explanation:  Ether  is  soluble 
in  water,  and  therefore  diffuses  into  the  latter;  it  is,  however,  much  more  soluble  in 
diloroform,  and  therefore  the  ether  which  is  dissolved  in  the  aqueous  layer  tends  to  pass 
iBtn  the  chloroform.  The  watery  layer  therefore  would  lose  some  of  its  ether  to  the 
thlomform,  and  would  then  lake  up  more  from  the  ethereal  layer;  and  this  process  would 
continue  until  practically  all  the  ether  had  passed  into  the  chloroform.  In  other  worda, 
the  passage  of  the  ether,  and  the  pressure  which  may  thus  Iw  developed,  is  not  due  to  any 
(is  pressure,  but  simply  to  the  fact  that  ether  has  a  solution-affinity  for  water,  and  hence 
V^ses  into  the  latter;  and  that  it  has  a  still  greater  solution-affinity  for  chloroform 
ud  hence  jmsses  into  this  from  the  water.  If  we  substitute  the  hypothetical  "semiper- 
i»cahle'*  membrane  for  the  water,  we  may  say  that  "osmotic  pressure"  measures  not 
the  gas  pressure,  but  the  solution-affinity  of  the  solvent  for  the  solute,  less  the  affinity 
'W  the  membrane. 

There  is  one  further  complication;  for,  since  the  chloroform  is  also  somewhat  soluble 
^  water,  there  is  also  some  stream  in  the  contrary  direction.  This  is  equivalent  to 
**)'ing  that  the  arrangement  is  not  strictly  semipermeable.  For  our  present  purpose 
'^  may  be  neglected,  except  in  so  far  as  it  empoasises  the  fact  that  osmotic  changes 
^craily  (if  not  always)  do  occur  in  both  directions.  This  is  of  considerable  importance 
^  biology. 

It  is  another  important  advantage  of  the  theory  that  it  emphasizes  that  the  mem- 

^^*ne  plays  an  active  part  as  well  as  the  solute.     Its  greatest  advantage,  however,  is 

JIj^  simple  explanation  which  it  gives  of  the  nature  of  the  osmotic  process,  namely  as  a 

'*^enoraenon  of  chemical  or  solution  affinity.    Osmotic  pressure  wu\  result  if  the  solute 
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is  relatively  insoluble  in  the  membrane,  i.e.^  if  it  has  a  greater  affinity  for  the  sohi 
than  for  the  membrane.    In  the  case  of  two  solutions  the  transfer  of  fluid  will  occui  i| 
the  direction  of  the  solution  which  has  the  greater  affinity;  and  osmotic  pressure 
simuLy  the  hydrostatic  pressure  which  is  icrquired  to  prevent  this  attraction  of  fluid,] 

The  theory  supposes  that  Ihc  stjlution-affinity  increases  with  the  molecular 
Generation;  and  since  it  is  a  fact  tiiat  cquimoLar  solutions  of  all  substances  are  isoloi 
— at  least  with  strictly  semipermeable  membranes  and  aqueous  solutions — it  folloi 
that  the  solution-affinity  must  depend  solely  upon  the  molecular  concentration; 
it  must  be  independent  of  the  nature  of  the  dissolved  substances.     This  agrees  cutir 
with  the  known  effect  of  molecular  concentration  on  tlie  freezing-  and  boiling-poiol 
The  affinity  is  also  raised  by  temperature. 

Relation  of  Van^  Hoflf  and  Kahlenberg  Theories. — In  brief  then,  the 
main  facts  of  osmosis  are  cxplainalile  by  either  theory.     The  princifw! 
diflferencc  in  their  practical  application  lies  in  the  fact  that  Van'l  Hoff's 
theory  gives  a  definite  formula  for  calculating  the  osmotic  pressure  from 
the  molecular  concentration;  while  Kahlcnberg's  theory  does  not  attempt 
an  exact  quantitative  formula.     Presumably,  however,  even  this  differ-^ 
ence  is  not  of  very  fundamental  practical  importance;  for  the  absoluttfB 
osmotic  pressure  may  well  be  that  of  the  gas  formula,  whether  it  is  pro-    ! 
duced  by  kinetic  motion  or  by  solution-allinity;   indeed,  as  has  been 
intimated,  the  pressure  proper  may  be  due  to  kinetic  motion  in  either  case. 

It  will  be  recalled  that  Van't  Hoff's  theory  postulates  a  very  definite  quantilafi\T: 
value  for  the  osmotic  pressure,  namely  23.34  atmospheres  for  a  molecular  solution 
According  to  Kahlenberg's  thcorj',  this  value  is  much  less  definite.  Jf  a  membraw 
were  stricly  semipermeable,  the  solution-affinity  should  undoubtedly  give  rise,  even- 
tually, to  a  constant  and  delinite  osmotic  pressure.  Tlus  would  quite  Likely  be  some- 
thing like  tlmt  of  Van't  Hoff.  In  nnictice,  however,  and  especially  in  biology,  liii» 
XTiIue  is  never  attained.  Li\ing  membranes  arc  not  strictly  semipermeable,  so  that  time 
is  more  or  less  passage  of  solute  out  of  the  solution,  thereby  reducinK  the  concentration. 
Further,  the  passage  of  fluid  becomes  slower  and  slower  as  the  concentrations  00  the 
two  aides  of  tne  membrane  approach  equality;  the  full  pressure  n*ould  therefore  ocrg 
be  realized  in  any  time  which  would  come  into  practical  consideration. 

Morse's  Hydration  Theory. — Morse  attributes  the  passage  of  \ht 
water  to  unequal  hydration  of  the  colloids  on  the  two  sides  of  the  mem- 
brane. The  solutes  dehydrate  the  side  of  the  membrane  in  contact  with 
them;  and  this  is  equalized  by  the  attraction  of  water  from  the  opposite 
side.  The  theory  is*somewhat  related  to  that  of  Kahlenberg's;  but  it 
helps  to  explain  why  the  r<Ue  of  osmosis  is  not  parallel  to  the  semipermea- 
bility,  or  to  the  final  osmotic  pressure.  Salts  generally  develop  an  osmotic 
pressure  more  rapidly  than  sugar,  even  when  the  final  osmotic  pressure 
of  the  salt  solution  is  lower. 

Differences  Between  Rate  of  Osmosis  and  Osmotic  Pressure. — These  are  often  not 
parallel.  For  instance,  the  copper  ferrocyanid  is  impermeable  to  sucrose,  and  fiiily 
permeable  to  salt.  A  sugar  solution  will  therefore  be  eventually  hypertonic  to  u  <ait 
solution.  In  the  start,  however,  i.e.,  before  the  sail  moieculcs  liave  had  lime  to  difuiv 
through  the  membrane,  water  passes  from  the  sugar  into  the  salt;  it  is  only  as  diffusioT! 
prtKTeeds  that  the  process  is  reversed  as  would  be  expected.  Other  membranes  show 
similar  phenomena  (Meigs,  1915).  Indeed,  acids  actually  diminiab  in  volume  who 
diffused  through  a  pig's  bladder  against  water  (Graham). 

Morse  explains  these  obserA-ations  by  the  fact  that  neutral  electrolytes  deh>'dn(c 
colloids  more  readily  than  non-electrolytes.  The  "negative  osmosis"  of  acids  is  due  to 
their  hvflrating  aclJon  (see  "Imbibition").     Alkalies  are  intermediate. 

Suiface-tension  Theory  of  Osmosis. — J.  Traubc  (1Q04  and  later)  refers  06notk 
phenomena  to  surface  tension.  He  observed  that  substances  wliich  lower  surface  ten- 
sion, and  which  therefore  accumulate  at  the  surface  according  to  the  Ciibbs-Thooasoe 
principle,  penetrate  through  membranes  more  rapidly.  Con\'crsely,  salts,  etc..  which 
increase  surface  tension,  and  which  therefore  accumulate  in  the  interior,  would  attncl 
the  solvent  to  equalize  the  pressure.    In  other  words,  the  fluid  of  lower  surface  tcfiuofi 
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would  be  drawn  into  that  of  higher  surface  tension.  An  attraction  pressure  would  thus 
be  created. 

Surface  tension  may  well  play  a  part  in  osmosis.  F,i.,  Macallum,  1013,  linds  that  a 
vcr>'  low  surface  tension  in  a  film  may  retain  salts  so  firmly  as  to  act  as  a  semipermeable 
membrane.  However,  it  is  improbable  that  surface  tension  is  an  adequate  explanation 
of  the  ordiiiar>'  osmotic  phenomena.  Thus,  it  does  not  explain  why  substances  which 
affect  surface  tension  very  unequally,  cc.,  sugar  and  salt,  arc  nevertheless  isotonic. 
It  also  takes  no  account  of  the  differences  introduced  by  the  nature  of  the  membrane. 
Traube  has  later  modified  liis  theorv  to  meet  some  of  these  objections;  but  this  only 
introduces  further  complications  and  slill  fails  to  explain  all  the  facts. 

Direct  Determination  of  Osmotic  Pressure. — The  absolute  osmotic 
pressure  would  be  measured  by  the  rise  of  a  manometer  attached  to  an 
osmotic  cell,  i.e.,  a  rigid  vessel  tilled  with  a  solution,  surrounded  by  a  semi- 
permeable membrane,  and  immersed  in  water.  Perfect  osmometers  are 
difficult  to  construct,  and  perhaps  theoretically  impossible.  However, 
even  imperfect  instruments  give  practically  useful  data  as  to  the  velocity 
and  magnitude  of  osmotic  pressure  and  these  show  at  least  an  appro.xi- 
mation  to  the  gas  taws. 

Magnitude  of  Osmotic  Pressure. — According  to  the  gas  laws,  the  pres- 
sure exerted  by  a  gram-molec^dc  (the  molecular  weight  expressed  in  grams) 
or  "moi''  of  any  substance,  when  comfined  to  a  liter  of  space,  equals  22.34 
atmospheres.  In  a  "molecular"  solution  therefore  (one  containing  a  mol 
dissolved  in  a  liter  of  solvent)  the  osmotic  pressure  would  raise  a  column 
of  water  to  a  height  of  about  725  feet!  The  osmotic  pressure  of  the  salts 
in  the  blood  would  raise  it  about  250  feet.  This  may  suffice  to  indicate 
the  enormous  molecular  force  latent  in  solutions,  even  if  it  may  not  be 
absolutely  correct. 

actual  osmotic  pressure  will  only  be  developed  if  the  solution  is 
ined;  if  it  is  free  to  expand,  the  incoming  molecules  will  merely  in- 
the  volume  of  the  fluid. 

^^ps  this  way  a  single  molecule  of  a  non-dtffusible  salt  would  theoretically  be  capable 
^H^tracting  an  infinite  amount  of  water  across  a  semii>ermeable  membrane — for  it  is 
^naenc  that  the  number  of  HjO  molecules  per  cubic  space  would  idwiys  be  less,  by  the 
raoleculcs  of  salt,  than  they  are  in  pure  water. 

The  rapidity  with  which  water  will  pass  into  the  salt  solution  across 
the  same  impermeable  membrane  will,  of  course,  depend  upon  the  concen- 
tration of  salt;  I.**.,  the  partial  vacuum  of  H2O  molecules  in  the  solution. 
The  rate  of  osmosis  will  therefore  be  slowed  as  the  process  progresses. 

Determination  of  Relative  Osmotic  Pressure. — This  can  be  easily 
made  by  using  artificial  membranes,  or  more  conveniently  animal  or 
vegetable  cells;  diluting  the  solution  imdcr  investigation  untU  its  osmotic 
effects  on  the  cells  are  identical  with  those  of  a  known  solution. 

The  earliest  quantitative  studies  of  osmosis  (Historical  Review,  Hamburger,  191 1) 

were  made  in  this  way  by  dc  Vn'es,  1882,  by  tlie  uscof  ceruin  plant  telU  (Tradescantia) 

which  exhibit  Plasmolysis  (retraction  of  the  protoplasm  from  the  cellulose  envelope) 

hi  hypertonic  solutions.     He  was  thus  able  to  determine  the  isotonic  concentrations 

of  a  long  series  of  substances.     H.  J.  HamburKer,  iSS^,  introduced  the  hanolytU  melhod^, 

iV.,  the  determination  of  the  concentration  which  producea  lairing  of  red  blood  corpuscles. 

This  is  also  isotonic,  pro\'idcd  that  the  corpuscles  are  semipermeable,  i.e.,  tiiat  the 

I  substances  do  not  penetrate.     This  may  be  ascertained  by  direct  chcraic  analysis  and 

I  boJds  practically  for  most  salts  and  sugars,  hut  not  forurea,  alcohols,  etc.     The  changes 

ID  the  wr'nht  of  tissues  after  immersion  in  the  solution  may  also  be  used  as  an  index; 

j  but  with  these,  partial  semirx*rmeability  is  much  more  common,  and  imbibition  may 

'  oame  into  play;  thus,  accoraing  to  Overton,  1906,  scrum  is  isotonic  with  09  per  cent. 

SaCl;  but  when  concentrated  four  times,  it  requires  5  per  cent.  NaQ;  and  when  six 

10  per  cent. 
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Value  of  the  Comparative  Methods. — All  these  methods  involve  comparison  with  q 
Icoon'n  solution;  and  if  the  absolute  nsmotir  pressure  of  the  latter  were  known,  and  jI 
the  membrane  were  truly  seniiixTmeablc,  then  the  absolute  osmotic  prcMure  of  iht 
unknown  solution  could  be  easily  calculated.  This,  however,  is  mainly  of  theorctiol 
importance,  for  as  has  been  repeatedly  said,  strictly  semipermeable  membranes  probably 
do  not  exist  in  nature.  The  true  value  of  these  comparative  estimations  lies  rather  in 
the  picture  which  they  furnish  of  the  direction  and  relative  value  of  the  osmotic  pressurf 
for  the  particular  solution  and  membrane  (or  cell)  with  which  tiury  are  made — often  a 
matter  of  great  biological  importance. 

Calculation  of  Molecular  Concentration  and  Osmotic  Pressure.— 
Since  the  osmotic  pressure  has  a  definite  relation  to  the  molecular  concen- 
tration, the  determination  of  the  one  quantity  permits  the  calculation  oi 
the  other. 

If  a  cell-membrane  were  truly  semipermeable,  then  two  solutions  which  had  the 
same  effect  on  the  cell  volume  (or  lakingj  would  need  to  have  an  identical  molcaiW 
concentration.  The  concentration  of  any  unknown  solution  could  therefore  be  deter- 
mined by  diluting  or  concentrating  it  until  it  became  isotonic  with  a  standard  viljfi"n 
of  known  concentration.  The  semi  permeability  of  certain  cells  is  sufficiently  com['Ifii 
to  make  this  metliod  available  for  practical  purposes;  but  it  is  less  exact  and  genera!!} 
less  convenient  than  the  calculation  from  the  freezing-  or  boiling-point. 

Estimatioii  of  the  Molecular  Concentration  by  the  Freezing-point- 

The  depression  of  the  freezing-point  (denoted  by  A)  is  easily  determined 
by  the  Beckmann  apparatus.  It  is  strictly  proportional  to  the  molecular 
concentration;  every  mol  of  substance  per  liter  of  solution  depressing  ihf 
freezing-point  of  water  by  i.8s°C.  and  this  no  matter  what  the  nature 
the  substance  (/JuW/'s  Law),  except  as  it  is  modified  by  electrolytic  ds-' 
sociation.  The  molecular  concentration  is  therefore  calculated  by  divid- 
ing A  by  1.85;  and  the  osmotic  pressure  by  multiplying  the  molenJa.' 
concentration  by  22.34  atmospheres. 

Molecular  Solutions. — Some  confusion  exists  in  the  use  of  this  term  (abbremieil 
•'  M  ").  The  correct  practice  is  to  add  the  calculated  ouantity  of  solute  to  a  liter  of  ■»! 
vent  (Raoult).  It  is  inadmissible  to  dissolve  the  mol  in  water  enough  to  makeiBia 
(.\rrhenius's  method),  as  is  commonly  done  in  making  chemical  solutions. 

Molecular  solutions  are  sometimes  called  "normal."  This  is  objectionable;  forthi 
normal  solution  of  chemists  differs  from  the  molecular  solution,  in  that  the  ntolrcslo 
weight  is  divided  by  the  valence.  The  normal  solutions  of  physiologists  are  again  quite 
different  from  the  above;  they  are  saline  solutions  of  a  strength  of  0.6  to  0.9  per  cent 

Departure  of  Electrolytes  from  Raoult's  Law. — According  to  this  Ia« 
the  molecular  concentration,  and  therefore  the  freezing-point,  osmnlic 
tension,  etc,  should  be  calculable  by  dividing  the  per  cent,  of  the  solu- 
tion by  one-tenth  the  molecular  weight  of  the  dissolved  substance.  This 
is  found  to  hold  true  for  concentrated  solutions  of  all  substances,  and 
for  dilute  solutions  of  non-decirolytes — substances  which  do  not  conduct 
the  electric  current,  such  as  the  sugars,  urea,  glycerin,  alcohol,  tic 
Dilute  solutions  of  electrolytes — salts,  acids,  or  bases — however,  show  * 
greater  concentration  than  would  be  deduced  from  Raoult's  law, 

A  solution  of  NaCl  containing  0.5S4  gram  of  NaCl  per  liter  (ec^uaU  Vtoon'^*'*^ 
depress  the  freezing-point  by  0.01S5'*.     It  is  found,  however,  that  its  depressMmiftlKajV 
to  0.03^;  almost  t^^'ice  as  great  as  would  bv  expected.     Ver>'  dilute  solutions  of 
have  three  times  the  calculated  concentrations;  those  of  IIjPOi,  four  times. 

The  dissociation  of  salts,  as  revealed  by  the  freezing-point,  bears  a  striking 
to  the  conductivity  of  salt  solutions  for  electricity.     It  has  been  found  that  salt  \ 
conduct  electricity  proportionately  better  the  more  they  are  diluted.     If.  r.t-*  *  sololli*^ 
which  contains  o.i  mol  has  a  coefficient  of  conductivity  which  we  wtll  call  **  K,"ftSotl"j 

K 

tion  which  contains  only  0.01  mol  will  have  a  coefficient  higher  than 

-'  *  10 

is  etactly  proportional  to  the  increased  molecular  concentration  revealed  by  the  it 

point.    Tne  two  phenomena  must  therefore  have  the  same  cause. 


be     , 
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^^^  ELECTROLYTIC  DISSOCIATION 

General  Statement. — To  account  for  the  fact  that  electrolytes  depress 
the  freezing-point  more  than  would  agree  with  Raouirs  law,  Arrhenius, 
1887,  advanced  the  hypothesis  that  a  certain  proportion  of  the  electrolytic 
molecules,  bv  acquiring  an  electric  charge,  separate  into  their  constituent 
ions:  NaCl  into  Na+  and  CI";  (NH^jiSO^  into  NH4+  NH/  and  SOr; 
HaPO*  bto  H+,  H+,  H+  and  PO4-;  Ca(OH)a  into  Ca+^,  OH"  and  OH". 
The  "*"  and  ~  signs  denote  the  nature  and  quantity  of  the  electric  charge. 
The  metals  of  salts,  and  hydrogen  of  acids,  carry  a  positive  charge,  and 
therefore  wander  to  the  cathode  and  thus  constitute  the  calkions.  The 
"acid  radicals"  of  salts,  and  the  hydroxy!  of  bases,  carry  the  negative 
charge,  go  to  the  positive  pole,  and  are  therefore  the  anions.  The  con- 
duction of  electricity  through  solutions  occurs  by  the  conveyance  of  these 
ions. 

It  is  scarcely  necessary  to  insist  that  the  ions  arr  not  indentual  with  aioma  (from  which 
they  differ  in  that  they  carry  charges),  nor  with  the  free  elements  {which  exist  as  mole- 
cules). In  &  dilute  solution  of  NaCI  there  docs  not  exist  metallic  (Na)  nor  gaseous 
chlorin  (CI),  but  Na  ions  (Na")  and  CI  ions  (Cl~),  whose  properties  arc  altogether 
different.  It  must  also  be  remembered  that  this  ionization  exists  in  only  a  limited  class 
of  compounds,  viz.,  in  all  acids,  bases,  and  salts  {electrolytes) ^  and  not  in  compounds 
irhich  ao  not  conduct  electricity  {non-dcclroiytts). 

The  electric  charges  are  further  important,  since  they  may  leave  the  ions  to  corabiue 
with  the  tissue  elements,  so  that  tie  electrolytes  cause  electric  stimulation  of  the 
protoplasm. 

Degree  of  Ionization. — This  increases  with  the  dilution  of  the  solution 
until  complete  dissociation  is  attained. 

In  concentrated  solutions,  the  two  charges  approach  snfTiciently  close  to  neutralize 
each  other,  and  the  two  ions  combine  into  an  ordinary  molecule,  e.g.^  NaCl.  In  dilute 
Klulions  they  are  separated  so  far  as  to  exert  little  attraction,  and  act  as  independent 
molecules. 

With  similar  ions,  the  degree  of  dissociation  is  fairly  constant  for  the  same  degree  of 
dilution.  In  i  per  cent,  solution  of  .NaCl  (and  in  blood)  about  82.8  per  cent,  of  the 
molecules  undergo  this  process,  and  about  the  same  pcrcentaj^e  in  e*:|Uimolecular  solu- 
tions of  KCl  or  NH«Cl.  Dissimilar  elements,  such  as  Mg,  Ca,  SO*,  PO*,  etc.,  have 
different  constants.  If  several  salts  are  pre!»ent  in  a  solution — particularly  if  they  have  a 
common  ion — the  degree  of  dissociation  of  each  salt  will  be  less  than  if  it  were  present 
alone  in  the  same  concentration,  but  greater  than  if  it  were  present  alone  in  the  concen- 
tration corresponding  to  the  sum  of  the  several  salts. 

Effect  on  Freezing-point,  Osmotic  Pressure,  Etc. — Each  of  these 
fraclion.s  (ions)  has  the  physical  properties  of  molecules,  and  thus  causes 
a  corresponding  depression  of  freezing-point  or  increase  of  osmotic  pres- 
Biirc.  These  quantities  would  therefore  be  twice  as  great  if  the  mole- 
cules had  dissociated  completely  into  two  ions  (NaCl);  three  times  as 
great  when  dissociated  completely  into  three  ions  (NajSOi);  four  times 
with  HxPO^,  etc.  With  partial  dissociation,  intermediate  values  would 
be  obtained. 

The  total  molecular  concentration  of  a  dilute  solution  of  a  single  salt  corresponds 
to  the  number  of  undissociaccd  molecules,  plus  the  number  of  dissociated  molecules 
multiplied  by  the  number  of  parts  into  whidi  they  divide.  For  instance,  if  Ho  per  cent, 
of  the  NaC!  molecules  in  a  solutton  arc  dissociated,  the  concentration  will  be  i  —  0.8  -f- 
faS  X  2)  =  1.8  times  ihe  theoretical;  if  So  per  cent,  of  X'ajSO*  is  dissociated,  it  will  fcw 
J  —  0.8  +  (o.S  X  3.)  =  J.6,  (Tables  of  the  dissociation  of  the  various  salts  are  given 
by  A.  A.  No  yes  and  Falk;  J.  A.  Ch.  S.,  iqio). 

limitatioxi  of  Terms. — To  avoid  confusion  it  may  be  well  to  confine  the  term  "  wc/,'* 
or  better,  "  molion"  to  the  molecular  concentration  actually  deduced  from  the  freezing* 
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point  (i.e.,  i.S  in  the  preceding  example  of  NaCl);  and  " gram-nuthcul^'*  to  the 
tration  deduced  from  the  molecular  weight  {i.r.,  i  in  the  example)  without  taking  account 
of  the  dissociation.  The  abbrc\-iation  "M"  is  always  applied  to  the  latter.  Sev- 
eral solutions  may  be  related  to  each  other  in  the  follonnng  uTiys:  Equimolerular  fsanr 
number  of  gram-molecules);  Equiosmotic  (same  number  of  mohons);  and  Isoitmk  (same 
effect  on  a  given  cell):  The  term  isotonu  cocJficieiU  is  applied  to  the  factor  by  which  tit 
molecular  concentration  must  be  multiplied  to  obtain  the  molionic  concentratioiL 

Ion  Actions.—In  addition  to  the  osmotic  actions  which  have  just  been 
described,  electrolytes  show  efTects  which  are  due  to  their  constituent  JaoL 
These  actions  are  generally  proportional  to  the  degree  of  ionization: 

The  comparatively  firm  mercuric  albuminate  is  much  less  active  than  the  ioniaed 
mercuric  chlorid;  fcrrocyanids,  in  which  the  iron  does  not  exist  as  an  ion^  act  quitf 
differently  from  ferrous  salts,  and  these  again  differ  from  ferric  salts.  Gascoua  chuns 
doc*  not  behave  at  all  like  the  chlorid  ion  of  NaCl,  etc.  The  chemic  behavior  \%na 
in  the  same  way  with  the  degree  and  state  of  ionization.  The  ions  may  act  by  entertaf 
into  cheniic  combinations  with  the  protoplasm,  producing  various  compounds,  ynthcxs. 
anH  decomposition.s,  and  thereby  lead  to  functional  changes.  They  may  also  alter  tbe 
permeability  of  the  cell  wall.  Besides  these  chemic  actions,  it  appears  more  thu 
probable  that  the  electric  charges  carried  by  the  ions  exert  actions  wliich  are  tndepeodest 
of  the  chemic  nature  of  the  ions.  These  latter  actions  may  well  be  termed  *'eifdrf 
Ofiions'*^  whilst  the  sum  of  the  chemic  and  electric  actions  produced  by  the  ions  may  be 
grouped  together  as  "specijic  ton  actions."  It  is  quite  conceivable  that  the  cfacuc 
actions  are  also  in  the  last  instance  rcsoK'ablc  into  electric  manifestations.  But  staoi 
the  proof  for  this  has  not  yet  been  furnished,  and  since  the  two  classes  of  actions . 
striking  differences,  it  is  well  to  keep  them  ajmrt,  in  so  far  as  *hi«^  is  practicable. 

Electron  Actions. — By  this  term  we  understand  those  actions  whid 
are  produced  by  the  electric  charges  carried  by  ions.  These  modify  the 
electric  condition  of  the  protoplasmic  colloids,  and  hence  their  aggregatioa. 
This  leads  to  important  modifications  of  functions. 

The  existence  of  these  actions  is  shown  by  the  fact  that  all  electrolyte  proddK 
certain  effects  in  common,  which  are  not  produced  by  non-electrolj-tes.  For  uatUCI 
an  egg-albumin  solution  can  not  be  coagulated  by  heating  when  the  clcctrolytet  imn 
been  removed  by  dialysis.  The  coagulability  is  restored  by  the  addition  of  eJ«ciroln0^ 
but  not  by  nonelectrolytes  (sugar,  etc.).  These  effects  arc  largely  independent  of  tk 
chemic  properties  of  the  ions,  but  vary  with  their  electric  properties,  such  as  the  apW 
their  electnc  charge  and  the  case  with  which  they  part  with  this.  The  effects  agrw  wi 
those  of  positive  and  negative  electric  stimulation;  anions  and  cathions  lend  to  prodMt 
opposite  cffecLs,  the  action  of  an  electmiytc  being  determined  by  the  predoRumtiBC 
ion;  analogous  phenomena  arc  exhibited  when  clcctrol>tes  are  added  to  aolutioaffl^ 
colloids. 

The  Relation  of  the  Toxicity  at  Ions  to  Their  Electric  Properties. — The  qumtiumt 
effects  of  ions  on  protoplasm  can  be  estimated  most  exactly  and  most  oonvenienlli  br 
observing  the  molecular  concentration  in  which  the  solution  will  just  cause  death.  T%b 
has  been  studied  by  a  number  of  investigators.  It  was  noticed  that  the  /ojriciiy  iWwi* 
eencraUy  with  the  atomic  weight  of  the  ion — Hg,  for  insuncc,  being  much  more  loiklhB 
Na;  but,  on  the  other  hand,  H  was  found  more  toxic  than  (Jie  heavier  Na.  The  t^ticif 
also  irKfMses  gmeraliy  with  tfie  vairnrv:  but  here  also  there  are  very  striking  esecptiB* 
the  monovalent  Ag  being  more  toxic  than  the  trivalent  .\1.  The  general  role  i»  * 
striking,  both  as  to  the  atomic  weight  and  valency,  that  some  connection  could  oottf 
doubled;  but  it  is  evidently  not  a  simple  one.  The  subject  has  been  very  greatly  duo- 
dated  by  the  extensive  experiments  of  A.  P.  Mathews  (1904)  on  fundulus  eggs,  wlick 
arc  peculiarly  adapted  to  these  investigations.  They  showed  a  remarkable  ifnta/at 
between  the  toxicity  and  the  solution-tension  of  ions. 

The  solution -tension  signifies  the  tendency  of  a  metal  to  go  Into  solution,  aiul  tl0 
to  acquire  an  electric  charge.  This  may  be  estimated  by  physical  method*.  "^ 
greater  the  solution- tension,  the  ^eater  is  the  affinity  of  the  ion  for  its  charge;  tbe  k» 
apt  will  this  ion  be  to  part  with  its  charge,  and  therefore  the  less  its  effect  ivi  roIW^ 
This  is  precisely  what  Mathews  found:  the  toxicity  of  an  ion  varies  inver^fly  as  its 
tension;  the  toxicity  of  a  salt  varies  inversely  as  its  "rffcam^pji^io«-iriu««i,"  «./.,««' 


'  Many  HUlhon  u»e  the  term  "ion  action*"  to  designate  what  i*  here  called  •Ivctros 
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£um  of  the  solution- tension  of  both  its  ions,  (For  instance,  if  the  solu  Lion-tension  of  the 
anion  is  i  and  of  the  cathion  2,  the  decomposition-tension  of  the  sail  is  3.)  The  same 
law  applies  to  the  inhibitorj'  action  of  clcctrol>'tes  on  ferments.  Mathews  also  found 
that  tne  toxicity  increases  with  the  quotient:  equivalent  weishl  divided  by  alomUvoluine. 
When  wc  understand  the  electric  condition  of  ions  and  colloids  belter,  we  shall  probably 
find  that  there  is  a  common  basis  to  these  connected  phenomena;  and  some  apparent 
exceptions,  which  still  exist,  wili  probably  be  explained. 

Otfurr  forms  of  life  do  not  show  prtx:isdy  Ok  samt  corrfspondfticf.  This  disagreement 
could  be  expected  from  the  complicated  condiiions  which  pre\'ail  in  mo5t  cells,  and  docs 
Dot  at  all  speak  against  Mathews'  law.  The  latter  deals  only  with  the  aJffinity  of  the  ion 
for  its  charge;  but  the  colloid  is  also  an  active  factor  in  the  reaction^  some  protopiasm 
showing  a  greater  affinity  for  positive  charges,  and  others  for  negative  charges.  The 
factor  of  peneiraiion  introduces  important  complications.  Electron  actions  must  occur 
even  when  the  ions  do  not  penetrate  into  the  cell,  the  charges  being  transferred  through 
the  intermediation  of  the  colloidal  cell  wall.  This  is  indeed  the  moat  favorable  condition 
for  the  study  of  electron  actions,  since  it  excludes  the  possibility  of  chemic  changes. 
It  probably  explains  the  comparatively  simple  results  obtained  with  fundulus  ova,  for 
the  experiments  of  0.  H.  Brown  (1905)  have  demonstrated  their  comparatively  great 
impermeability  to  salts  and  water.  With  most  cells,  however,  the  possibility  of  strictly 
cktmic  modifUations  of  the  protoplasm  by  the  ions  is  more  or  less  important.  The  action 
of  the  added  ions  will  be  greatly  rtwdified  by  the  ions  which  are  already  present  in  the 
tissues. 

Again,  a  solution  containing  a  single  electrolyte  will  tend  to  withdraw  all  other 
electrolytes  from  the  cell;  and  the  toxicity  may  in  some  cases  be  due  to  deficiency  of  the 
Utter  ions,  rather  than  to  excess  of  the  former  (Osborne,  1905).  Even  non-electrolytes 
may  affect  the  proportion  of  electrolytes,  since  these  diffuse  with  unequal  facility  (/.*., 
Na  and  K  more  readily  than  Ca  or  Mg;  W.  Denis,  1906). 

Limitations  of  the  Electron  Theory. — The  theory  of  electron  actions  has  furnished 

new  and  fruitful  conceptions,  a  deeper  insight  into  the  reactions  of  protoplasm,  and  new 

indications  of  research.     It  should  be  remembered,  however,  that  it  aoe.s  not  as  yet 

a.ttempt  to  explain  the  actions  of  non-electrolytes;  and  that  it  can  not  be  said  to  explain 

fully  all  the  actions  of  electro l>'tcs.     It  docs  not,  for  instance,  explain  the  qualitative 

differences  in  the  action  of  the  iodids,  bromids,  and  chlorids;  of  calcium,  magnesium,  or 

barium;  the  specific  toxicity  of  potassium  for  muscle  and  ner\'c;  nor  the  need  for  the 

presence  of  several  ions.     We  must  not  forget  that  protoplasm  has  chemical,  as  well  as 

ph>'^ical,  properties;  and  that  many,  if  not  all,  ions  are  capable  of  entering  into  ordinary 

chemical  reaction  with  the  protoplasm.     The  spccittc  ion  actions,  as  we  can   obscire 

Ihcm,  are  therefore  the  result  of  a  codperation  of  physical  and  chemical  changes.     In 

the  present  stale  of  knowledge,  it  would  be  unremunerative  to  attempt  to  distinguish 

between  these.     A  more  practical  conception  of  the  action  of  the  indi\Hdual  ions  can  still 

btobtaincd  by  describing  the  phenomena  as  they  are  observed,  without  trying,  as  a  rule, 

to  penetrate  into  their  meaning. 


i 
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OSMOTIC  EFFECTS  ON  CELLS 

It  may  now  be  attempted  to  apply  these  physical  processes  of  salt 
action  to  the  explanation  of  the  phenomena  of  life.  It  will  be  remem- 
bered that  the  latter  may  be  intluenced  by  the  osmotic,  electric  and  chemic 
properties  of  the  salts.  The  osmotic  effects  are  independent  of  the  nature 
of  the  molecules.  The  electric  effects  depend  solely  on  the  sign  and  trans- 
icrability  of  the  charge.  The  chemic  effects  are  distinctive.  All  these 
effects  are  influenced  by  the  special  permeability  of  the  cell  membrane; 
}>y  the  solutes  already  present  in  the  cell  and  in  its  surroundings^  and  by 
the  special  properties  of  the  cell  colloids. 

Osmotic  Actions  on  Celis*^ — These  are  due  primarily  to  the  changes  in 
the  total  water  or  salt  content  of  the  cell.     It  is  therefore  necessary  to 
<iistinp^uish  between  hvpcr-,  hypo,  and  isotonic  solutions.     In  effect,  bow- 
er, the  iinal  functionid  results  of  different  concentrations  are  often  very 
ilar. 
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Changes  in  the  Composition  of  the  Cells. — In  a  physical  sense,  a  cell 
may  be  conceived  as  a  solution,  the  protoplasm,  chiefly  of  hydrophilic 
colloids  and  largely  dissociated  electrolytes;  inclosed  in  a  membrane  (the 
cell  wall)  of  characteristic  permeability;  and  generally  containing  sus- 
pended lipoids  or  solid  granules. 

The  cell  walls  (which  may  be  merely  a  modification  of  the  cytoplasnil 
are  usually  easily  permeable  to  water,  impermeable  to  colloids  and  mon* 
or  lesf  difficultly  permeable  to  electrolytes  and  other  crystalloids.  In  this 
way  they  permit  a  certain  amount  of  exchange  between  the  cell  and  it* 
surroundings  (the  lymph,  etc.)  which  is  necessary  for  metabolism.  Ai 
the  same  lime,  since  the  permeability  is  limited,  and  varies  for  different 
substances,  it  enables  the  cell  to  preserve  its  own  composition,  which  is 
quite  different  from  that  of  the  lymph.  However,  this  protection  is  not 
perfect,  especially  if  artificial  changes  are  made. 

The  cell  walls  (and  indeed  also  the  interior  cytoplasm,  Kite,  1915)  be- 
have essentially  like  what  we  have  defined  as  a  **  partly  semipermeable" 
membrane  (as  suggested  by  Traube,  1S67).  If  therefore  the  molecular 
constitulion  of  the  medium  surrounding  the  cells  be  in  any  way  changetl. 
this  will  effect,  in  the  first  place,  a  change  in  the  total  w^ater  or  salt  con- 
tent of  the  cell.  A  hyperisolonic  solution  will  cause  the  withdrawal  of 
water,  and  a  hypoisotonic  solution  the  withdrawal  of  salts.  If  the  ratio 
of  the  different  salts  in  the  surrounding  medium  is  not  the  same  as  that  b 
the  cells,  their  ratio  in  the  latter  will  also  be  altered.  Again,  when  sall5 
arc  drawn  out  of  the  cell,  certain  of  its  salts  will  leave  more  quickly  thw 
others.  The  changes  will  be  the  greater,  on  the  whole,  the  more  the  com- 
position of  the  surrounding  liquid  departs  from  that  of  the  cell. 

MoIecuJar  Concentration  of  the  Blood  and  Tissues. — The  total  mole- 
cular concentration  of  the  living  cells  is  not  accurately  known,  II  is 
probably  somewhat  higher  than  that  of  the  body-fluids.  The  plasma, 
lymph,  and  all  other  body-fluids  (except  urine  and  gastric  juice)  of  all 
mammals,  dcfiress  the  freezing-point  by  about  0.56  ,  corresponding  lo 
0.33  mol  per  liter.  Relatively  slight  departures  from  this  are  promptly 
injurious.  Its  maintenance  is  therefore  vePf'  important.  Accordingly, 
the  organism  resists  very  powerfully  any  attempts  to  alter  its  osmoiic 
concentration.  The  fluids  of  lower  animals  have  a  somewhat  diffcfcnt 
concentration,  adapted  to  iheir  environment. 

Protoplasm. — The  osmotic  pressure  of  cells  can  not  be  measured  clurine  life.  Dirrc^ 
cr>'oscopy  of  the  organs  gives  unreliable  rcsuU-i.  Buchner  juices  generally  depress  thf 
freezing  point  somewhat  more  than  does  blood,  but  this  might  be  due  to  chcmic  cbaue 
The  protoplasmic  pressure  Is  not  solely  osmotic,  but  also  due  to  imbibition,  sunicK 
tension,  and  the  elasticity  of  the  cell  wall  (Pfeflfer,  iSq;]. 

Human  Blood. — The  extreme  variations  of  the  freezing-point  in  he&lth  Ef«  be4«e9 
o.4Q°  and  0,50°.  The  molecular  concentration  of  the  blot>d  is  not  altered  by  tbcqttiB' 
tityof  fluid  or  salt  in  the  food;  nor  by  hydremia  prinluccd  by  hemorrhage;  nor  by  thicu' 
ing  the  blood  by  profuse  diaphoresis.  The  intra\'enou5  injection  of  anisotonic  solutiti^J 
alters  it  but  temporarily.  About  the  only  method  of  raising  it  permanently  consisuin 
interfering  with  the  regulating  mechanism,  by  seriously  injuring  the  kidneys;  and  the 
II  proves  fa t^  when  the  A  approaches  o.S^C  The  importance  of  comparatiTcly  sfis^ 
changes  in  the  concentration  is  also  shovvn  strikingly  by  the  red  blood  cofpun^ 
These  swell  in  h>poisotonic,  and  shrink  (crenatc)  in  hv'pcrlonic  solutions.  If  tbr  ««» 
is  diluted  to  about  ^..i5,  the  hemoglobin  begins  to  leave  the  corpuscles,  their  stTHcUiK 
being  destroyed.  There  is  reason  to  believe  that  the  same  holds  for  most  oilier  c«IU.»*i 
that  the  limits  between  which  cells  of  mammals  can  functioaatc  at  all^  are  coapro*^ 
between  .io.35  and  o,0  or  somewhat  higher. 

Osmotic  Equilibrium  of  Lower  Animals. — The  narrow  limits  of  mammals  »» 
siderably  extended  in  the  lower  forms  of  life.     With  marini-  amrmtts,  up  to  itit 
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t  molecular  concentration  of  the  body-fluids  approach^  that  of  sea  water,  and 
idepcndcnt  only  in  the  Tcleosteans.  Dog-fish  are  intcrmediaU*  (Scott,  IQ13). 
line  animals,  a  conccntralion  equal  to  that  uf  tlie  scrum  of  mamnials  would 
r  hemo^lohin.  In  other  words,  the  resistance  of  cells  is  somew  hat  adapted  to 
oal  en\^^onment.     This  resistance  ib  curiously  developed  in  the  small  fish 

which  thrives  equally  well  in  sea  water  and  in  distilleu  Muter.  It  is  due,  in 
to  a  high  degree  of  impermeability  to  both  water  and  salts,  so  that  osmotic 
an  not  be  developed. 

tratfr  animals  have  a  considerable  molecular  concentration  approaching  that 
|k,  the  salts  being  probably  retained  by  chemical  or  physical  affinity  for  the 
The  molecubr  concentration  of  plant  juices  is  also  considerably  higher  than 
»ter.  Fungi  often  have  a  very  high  resistance  against  osmotic  changes, 
ly   because   their  envelopes  are  relatively  impermeable.     Torula,   ex.,  can 

a  saturated  solution  of  sodium  or  lithium  chlorid,  the  latter  having  an  osmotic 
f  2760  fttmo^jihcre?  rR.'ivib<*rski.  iQOfi;  see  also  L.  A.  Hawkins,  IQ16). 
tiral  Changes  Resulting  from  Osmosis.— With  must  cells,  however,  any  depar- 
thc  normal  concentration  of  the  liquid  in  which  they  are  bathed,  produces  the 
changes  u  hich  we  would  expect ;  these  can  be  lu'St  seen  in  monocellular  organ- 
Or  white  blood  cells,  or  ova:  these  show  shrinkage  or  swelling,  condensation 
rtion,  precipitation  or  solution.  These  often  lead  to  even  more  important 
Iccom Positions,  which  may  cause  the  cells  to  swell  even  more  in  a  hypcnsotonic 
han  tnc>  do  in  water  {Sollmann,  1Q04). 

)tic  Changes  in  Red  Blood  Cells. — Hypertonic  solutions  produce 
i;  if  the  solution?  are  h^'potonic  beyond  a  certain  degree,  hemoly- 
B.  The  cells  swell  and  lose  their  hemoglobin  and  salts.  In  life, 
inges  could  be  produced  only  by  intravenous  injection  of  aniso- 
ations. 

C  Resistance  to  Hemolysis. — This  varies  in  different  species;  and  somewhat 
indi\-iduals.  The  following  fignresarc  normal  averages  (Musscr  and  Krumb- 
V  and  others) : 

Lakiatf  begin*  witb  N'aCi  per  c«nt,        li  complete' 

tneapig... .,.  .                                  0.420  0.313 

man o  450  o..s6o 

{ o  462  o..^30 

•bit  o  536  0.30s 

i  .  0,58 

to  68 
c  diiTerences  refer  only  to  hemolysis;  the  osmotic  swelling,  measured 
itc.  being  about  equal  in  the  difTcrcnt  species.     The  specific  difference 
tfcing  is  generally  inverse  to  that  for  saponin-laking  (Rywosch,  1007). 
If*  oj  DisfQsc.  fJc. — Changes  in  the  resistance  to  hemolysis  ha\'e  been  found  in 
Conditions  (tumors,  etc.).     It  is  diminished  in  purpura  (Musser  und  Krumb- 
6),  practically  unchanged   in   pernicious  and   in  secondary  anemias.     The 
}s  said  to  be  increased  by  therapeutic  doses  of  arsenic  (L.  W.  liill,  1915)- 
Pou.'der  of  Various  Sails. — Hemolysis  depends  not  only  on  the  concentration, 
m  the  nature  of  ions,  following  the  uiiual  lyotropic  serie!>.     HoelKr.   1908, 
hemol>'sis  least  wTth  the  SOiand  Na  end,  and  most  with  the  I  and  K  end  of 
The  sequence  is  reversed  by  combination  with  lipolytic  agents,  saponin  or 
^tns.     The  differences  are  referable  to  the  different  permeability  of  the  salts 
fr  effects  on  the  cell  membrane. 

fsis  by  ffypfrfonic  Solutions. — This  has  been  investigated  by  C.  C.  Guthrie 
014- 

ibiUty  of  Red  Blood  Cells,— These  arc  practically  impermeable  to  most  os- 
Itances.  Ho-.vever,  both  anions  and  cathlons  pass  to  a  slight  degree,  even 
fsiologic  conditions  (Hamburger  and  Uubanovic^  1907);  and  certain  sub- 
mmonium  ion.s,  urea)  pass  very  readily.  In  general,  the  permeability  t& 
al  to  the  Ii|K)id  solubility.  Ammonium  salts  are  an  exception  for  they  are 
ttnolytic:  they  lake  even  when  added  to  isotonic  NaCI  solution.  The  pcr- 
\D  other  solutes  is  increased  by  combination  with  saponin  and  other  hemolytic 
D  saponin  iaking,  an  increased  permeability  of  the  cell  membrane  can  be 
ted  dircctlv.  before  the  salts  pass  out  of  the  cell  (G.  N.  Stewart;    Woclfcl, 
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The  permeability  of  the  corpuscles  for  Na  and  K  ions  has  been  denied  CGuerber 
l8qv',  but  has  been  established  by  H.  J.  Hamburger,  iqi6.  He  also  finds  that  ibc 
addiiinn,  within  ph>'5iologic  limits,  of  CO]  to  the  serum  drives  K  ions  into,  ajid  N'a  ioiia 
out  of  the  corpuscles.     NaCl  drives  N«  in  and  K  out;  and  KCl  doe^^  the  reverse. 

Robon>'i  and  Lorant,  1916,  state  that  carbon  dioxid  leads  the  er>'thmcytes  to  like  op 
chlorid  from  the  serum,  with  an  increase  of  serum  alkalinity.  SimiUr  ch&ngcs  ocain 
in  hemolysi.s. 

Preservation  of  Living  Erjrthrocytes. — Rlood  cells,  when  suspended  in  saline  solu- 
tion die  mthcr  rnpidly,  partly  by  mechanical  and  partly  by  cliemical  injury.  Kousiml 
Turner,  1Q15,  found  that  the  addition  of  gelaUn  protects  them  against  the  mechaniol 
injury,  but  not  against  the  chemical.  The  addition  of  glucose  or  saccharose,  on  the 
other  hand,  preserves  them  for  a  long  time,  so  that  they  show  no  morphologic  cb&nges. 
and  take  up  and  surrender  oxygen  in  the  normal  manner. 

Selective  Penneability  of  Cell  Membranes. — This  x-aries  for  each  class 
of  cells,  some  being  impermeable  to  one  substance,  some  to  anothcT.  Thi.^ 
is  doubtless  important  for  maintaining  the  normal  differences  of  composi- 
tion. It  is  subject  to  changes  with  the  functional  states  of  the  cell  The 
permeability  is  often  different  in  one  direction  from  that  in  the  other. 

Permeability  to  Different  Substances. — With  most  living  cells,  lipoid- 
soluble  substances  penetrate  more  readily  Lhan  those  which  are  only  water- 
soluble.  The  penetration  is  also  influenced  by  the  presence  of  lipolytic 
agents  (anesthetics).  The  lipoids  of  the  cell  membrane  are  therefore 
important  elements  in  determining  its  permeability.  They  are  not,  how- 
ever, the  only  factor.  The  membrane  is  not  absolutely  imperraeablt  to 
salts;  and  some  substances  penetrate  independently  of  their  Lipoid  sdu- 
biiity.  It  is  generally  assumed  that  the  membrane  is  a  mixture  of  lipoid 
and  protein  colloids,  and  that  both  play  a  part  in  the  penetration. 

When  discussing  the  red  blood  corpuscles,  it  was  stated  that  they  were  almost  impe^ 
meable  to  most  salts  and  sugars,  but  permeable  to  ammonium,  urea  and  lipolytic  agenti. 
This  applies  also  to  plant  cells,  in  which  the  phenomena  have  been  most  eiteniivtlj' 
studied.  Klebs  and  dc  Vries,  /.i.,  found  that  glycerin  and  urea  do  not  produce  p\*^ 
molysis.     Ch'crton,  1895  and  i.SoQ,  has  added  many  data. 

A  ^neral  discussion  of  cell -permeability  and  its  applications  is  given  by  R.  S  Lillic 
igiS,  m  connection  with  sea-urchin  ova. 

StripeH  vtuscU  is  also  nearly  semipermeable  (similarly  to  a  celluloid  merabntti> 
which  CaHP-O*  has  been  deposited);  while  smooth  muscle  is  highly  permeable  to  angis 
and  salts  (Meigs,  IQ13  and  igij).  The  changes  of  weight  in  striped  muscle  in  vanoV 
conditions  were  investigated  by  J.  Ix>eb. 

With  intact  muscle,  the  chants  in  anisotonic  sodium  chlorid  solutions  are  potly 
osmotic.  The  osmotic  property  is  destroiwl  by  grinding  with  sand  (H.  WinterttaH, 
1916). 

Lipoid  Solubility  as  Condition  for  Entrance. — The  numerous  obsen'ations  of  Ovcrtoo 
a.nd  others  show  no  direct  relation  between  chemic  constitution  and  permeability. 
Traube,  1S67,  believed  that  the  differences  dej>end  on  the  size  of  the  molecule;  but  ihi'  ^ 
untenable.  L*Hermite,  18^5,  attributes)  the  penetration  to  solubility  in  the  cell  xatvtt- 
brane.  This  is  undoubtedly  a  prerequisite  to  absorption.  Overton  found  that  all 
Hpoid-soluble  substances  penetrate  readily  into  all  cells;  and  those  which  are  sot 
lipoid-soluble  penetrate  with  difficulty. 

This  rule,  although  not  absolute,  holds  so  widely,  that  it  must  be  a  simple  pusif* 
physical  phenomenon.  It  is  not  absolute.  howe\-er.  or  metabolism  would  be  impossible- 
Nathansohn,  1004.  therefore  assumed  that  the  cell  membranes  consist  of  a  mosaic^ 
cholcsterin  and  protoplasm.  However,  this  is  not  a  necessary  deduction;  for  NathaoMbiL 
1904,  and  Ruhland,  iqoq,  showed  that  artificial  lipoid  membranes,  when  soaked  is 
water,  become  quite  permeable  to  substances  that  dissolve  in  water,  even  if  thev  *^ 
insoluble  in  lipoids;  while  water-free  lipoid  membranes  are  impermeable  to  the  wabrr* 
well  as  to  the  solutes. 

Calcium  and  magnesium  phosphates  perhaps  also  play  a  part  in  senoipermeabtlitr' 
but  the  degree  of  impermeability  la  so  different  that  they  are  probably  unimportsot 
factors  (McigF,  1015)- 

Permeability  for  Alkaloids. — This  is  easily  observed  tn  plants  by  the  prrdpiUtiaB 
d  the  tauniu  within  the  cells.     Only  the  free  (basic)  alkaloids  pcnelrmtc;  toe  alkalodil 
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salts  enter  very  much  more  slowly,  namely  in  proportion  as  they  are  hydrolyzcd.  Their 
toxicity  is  favored  by  the  addition  of  alkalies;  tois  applies  also  to  fish  and  frog  larv«. 
Harvey,  igi  j,  found  that  cell  membranes  arc  readily  permeable  to  weakly  dissociated 
aikaJivi.  but  remarkably  resistant  to  those  which  are  strongly  dissociated. 

Absorption  of  Dyes.— Ehrlich,  1887  and  1893,  found  that  \'ital  staininR  occurs  espe- 
cially with  basic  dyes.  Overton.  1900,  referred  this  to  their  lipoid  solubility,  and 
advanced  the  theory  that  all  absorption  occurs  through  the  lipoids  of  the  cell  envelope. 
However,  exceptions  have  been  discovered.  Certain  lipoid-soluble  dyes  are  not 
absorbed;  while  othcrsk  which  are  insoluble  in  fats,  arc  ncvcrtnclcss  absorbable.  Indeed, 
.\sher  and  Gannus,  1911;  Harvey,  igii;  Kite,  191.3;  and  others,  have  found  little  rela- 
tion. Acid  dj'es  stain  the  protoplasm  diffusely,  while  basic  dyes  stain  mainly  the  cell 
granules. 

Penneability  of  Internal  Cytoplasm. — Kite,  1915,  has  shown  that  all  portions  of  the 
protoplasmic  gel  are  more  or  less  semipermeable.  Incised  and  punctured  cells,  for 
instance,  offer  the  same  obstacles  to  the  penetration  of  dves  as  do  intact  cells.  The 
rate  of  penetration  is  generally  inversely  proportional  to  the  concentration  of  the  pro- 
toplasmic gel. 

Structurally,  with  adult  cells  the  entire  substance  is  gebtinous;  in  young  cells,  the 
interior  is  fluid,  the  exterior  gelatinous  (Chamber*,  1917). 

Scifriz,  1918,  finds  that  living  protoplasm  is  always  immiscible  with  water.  lis 
consistence  varies  from  very  liquid  to  quite  viscous.  The  plasma  membrane  is  a  defi- 
nite morphologic  structure,  elastic,  pliable,  glutinous  and  capable  of  self-repair.  The 
Xdty  of  membrane  formation  is  only  lost  with  death.  It  is  probably  physical,  but 
rent  in  the  properties  of  liv-in;;  protoplasm. 

Relation  of  Penetration  to  Functional  States. — .\sher  observed  that  the  vital  stain- 
ing of  gland  cells  is  greatly  influenced  hy  their  functional  acti^^ty.  being  increased  by 
pifocarpin  and  diminished  by  atropin.  Temperature  influences  the  pIa5mol>'si5  of 
plant  cells  (v.  R>'5selberghe,  1901);  COj  increases  the  permeability  of  erythrocytes 
(Hoebcr,  1904).  The  permeability  is  also  influenced  by  salts  and  narcotics,  and  stim- 
ulation (Osterhout,  1912;  R.  S.  Lillie,  1913;  J.  Locb.  1913).  Fertilization  or  electric 
stimulation  increases  the  pcrmeabilitv  of  frog  eggs,  so  that  their  ions  diffuse  out  at  a 
faster  rate  (McClendon,  1915).  It  is  probable  that  similar  changes  in  permeability 
are  essential  to  the  metabolism  of  the  cells  (Hoeber). 

The  scmincrmeability  of  artijicial  m<rmhranes  can  also  be  varied  at  will,  especially 
by  the  strictly  physical  conditions  of  hydration.  The  permeability  of  celloidin  mem- 
branes, for  instance,  depends  on  the  degree  to  which  thev  are  dried  lieforc  water  is 
applied;  the  less  the  drvnng.  the  greater  their  permeability  (Meigs,  1915). 

Influence  of  Electrolytes  on  Permeability. — J.  Loeb  and  Cattell.  1913,  observed  that 
electrolytes  increase  the  diffusion  of  K  and  H  ions  fLoeb,  1915)  out  of  fundulus  ova 
but  retard  their  passages  into  these  cells.  The  degree  of  the  effect  is  parallel  to  the 
lyotropic  series  oi  anions.  They  attribute  the  diffusion  to  combination  of  the  K  or  H 
with  tne  colloid  anions  of  the  cell  membrane;  this  combination  being  diminished  by  the 
mjjs-action  of  excessive  anions  in  the  surrounding  solution. 

Clowes,  1916,  linds  that  the  influence  of  electrolytes  on  cell  permeability  is  similar 
to  their  rffrrt  on  the  permeability  of  snap  tilms. 

Semipermeability  Persists  onJy  During  Life. — It  is  lost  when  the  cells  die.  so  that 
dead  cells  merely  imbibe  solutions,  like  ^latin  or  fibrin,  .\cids  also  destroy  the  semi- 
permeability  fj.  Locb,  191.1)-  Living  tissues  resist  the  entrance  of  all  acids  (except 
salicylic},  while  dead  tissues  are  freely  permeable  to  them  (Harvey,  iQu). 

Fiinctional  Responses  to  Osmotic  Changes. — The  alterations  in  the 

composition  of  the  cells  entail  corresponding  changes  in  their  functions, 
consisting  in  a  mild  or  strong  stimulation,  often  irritative:  passing  into 
depression  and  finally  disorgani2ation  of  the  cell  if  the  changes  have  been 
large.  The  irritant  phase  tends  to  predominate  with  hyperisotonic  solu- 
tions, whilst  hypoisotonic  solutions  tend  more  to  depression. 

With  un specialized  cells  the  main  changes  fall  upon  their  metabolism. 
These  nutritive  changes  are  most  pronounced  in  the  cells  of  lowest  vitality. 
.As  a  ride,  pathologic  formations  possess  less  resistance  than  normal  tis- 
sue, so  that  one  of  the  most  conspicuous  phenomena  of  the  general  salt 
action  is  the  breaking  down  of  pathologic  formations,  no  matter  what  their 
origin,  and  whether  they  arc  chemic  or  anatomic.  Other  specialized  lis- 
Bues  aJso  respond  by  their  proper  functions:  Abstraction  of  water  from  a 
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nerve  or  muscle  causes  contraction;  the  unfertilized  eggs  of  certain  marine 
animals  undergo  parthenogenetic  development,  etc.  (J.  Loeb,  1899.  190O- 
If  a  very  strong  salt  solution  is  injected  directly  into  the  circulation, 
the  main  symptoms  arise  from  the  central  nervous  system.  They  con- 
sist in  stimulation,  with  subsequent  paralysis,  being  similar  to  the  eSectt 
of  asphyxia. 

Brain  Volume. — Intravenous  injection  of  hjpotonic  solutions  increases  the  bulk  of 
the  brain,  and  therefore  Lhe  intracranial  pressure,  and  the  tension  of  the  ccrebxospini] 
fluid.  H3pcrtonic  injections,  after  a  initial  rise,  x^ruduce  a  marked  shrinkage  of  tbe- 
brain  and  lal!  of  cerebrospinal  pressure.  The  alterations  may  be  so  preat  as  to  produce 
histoto^c  clianges  fWeea  and  AfcKibben,  1910).  Haden,  1910,  tried  this  means  viOi 
promiiiing  results  for  the  relief  of  tlie  cerebral  compression  of  meningitis.  He  injecti 
intra  vena  u  sty,  in  the  course  of  an  hour^  250  c.c  of  sterile  25  per  cent,  glucose  solulioa, 
3  or  3  times  per  day. 

Epinephrin  OuiptU. — Stewart  and  RoRoff,  igiQ,  foundl  his  markedly  increased  by  lhe 
intravenous  injection  of  small  amounts  of  concentrated  sodium  carbonate  solutioiL 
They  attribute  this  to  osmotic  stimulation  of  the  bulbo-spinal  centers. 

Salt  Action  on  Phagocytosis. — The  sensitiveness  of  cells  to  small  changes  in  ounotic 
concentration  is  shown  by  the  phagocytic  power  of  leucocytes.  According  to  H-  Him- 
burger  and  hts  pupils,  190S  and  ipio,  the  phagocytic  power  is  decreased  by  very  snuU 
changes  of  the  osmotic  concentration  of  the  hcrum,  such  as  may  occur  under  ph\-sioio?ic 
conditions.  .\U  anisotonic  solutions  arc  injurious,  but  especially  increased  concentra- 
tions. The  leucocytes  recover  when  the  normal  concentration  is  restored.  NiQ 
causes  but  little  injury  apart  from  the  osmotic  efTcct.  Nal  is  more  toirir  than  XaBr. 
Of  other  ions,  a  slight  excess  of  calcium  stimulated,  while  decreased  activity  resulted 
from  a  larger  excess,  and  from  reduction  of  calcium  as  by  Huorids  or  citrates.  Baand^ 
do  not  have  the  stimulant  action,  so  that  it  is  not  due  to  valence.  Diminution  of  the 
normal  alkalinity  was  deleterious,  and  to  a  less  degree  also  an  excessive  alkalinity. 

Osmotic  Response  of  Muscle. — Striped  muscle  is  semijTcrmeable,  smooth  musdeis 
permeable.  This  different  ptTmeability  is  reflected  in  their  response,  [mmcrsian  io 
water,  /./.,  cau.ses  striped  muscle  to  become  rigid  and  to  shorten,  smooth  musdc  to 
lengthen.  The  effects  are  counteracted  by  2  per  cent.  NaCI  (Meigs,  rgu).  Dak, 
1913,  also  found  the  tone  of  smooth  muscle  increased  by  h>'po-and  diminished  by  h)•pe^ 
tonic  Ringer's  solutions  (confirmed  by  Goto,  1016,  for  isolated  intestine  and  ulenwl 
SHghtly  hypertonic  solutions  increased  the  response  to  inhibitory  drugs  and  decreased 
the  effects  of  stimulant  drugs.  Slightly  hypotonic  solutions  had  the  opposite  cfffct. 
The  muscle  of  the  Venus  agrees  with  non-striated  muscle,  in  being  permeable  fMrig\ 
iqm). 

Faiigue  increases  the  molecular  concentration  (depression  of  freezing  pcuni)  uJ 
excised  skeletal  muscle  by  36  per  cent,  by  the  breaking  down  of  molecules.  Thisdotf 
not  occur  when  the  circulation  is  intact,  for  the  differences  are  then  equalized  byo- 
change  with  the  blood  (A.  R.  Moore,  1916). 

Osmotic  Effects  on  Heart. — Goto,   igi6,  investigated  tliese  on  the  perfused  turtte^ 
heart.     All  deviations  from  the  normal  are  injurious.     Hypotonic  solutions  inc 
Uie  tone,  and  the  height  of  the  contractions,  shorten  the  A-V  interval,  but  slow  tbe 
Hxpertonic  solutions  produce  the  opposite  effects. 

Ion  Effects  on  Muscle, — The  immersion  of  muscle  in  various  solutiooi 
produces  marked  effects  even  when  osmotic  changes  are  excluded  by 
having  the  solutions  isotonic.  These  must  therefore  be  referred  to  ion 
action!. 

The  muscles  lengthen  or  shorten;  the  excitability  may  be  dirainisherf 
or  increased;  spontaneous  rhythmic  contractions  may  appear;  or  lhe  mns^ 
cle  may  develop  ** contact  irritability"  so  that  it  will  react  to  stimuli 
which  are  ordinarily  ineffective.  Invertebrate  and  mammalian  musckl 
exhibit  similar  phenomena  if  proper  conditions  are  maintained. 

ACTIONS  OF  ELECTROLYTES 

Importance  of  Electrolytes. — Muscles  soon  lose  their  excitability 
pletely  in  solutions  of  non-electrolytes;  but   this  returns  when  they  arc 
replaced  in  saline  solutions.    A  medium  containing  electrolytes  is  iher^ 


i 


ACTION    OF   ELECTROLYTES 


745 


essential  to  muscular  contraction;  indeed,  any  change  in  the  ions  pro- 
duces alterations  in  the  muscular  functions.  The  difTcrcnt  ions  are  not 
e<jually  effective.  It  appears  that  the  nature  of  the  calhions  is  more 
important  than  the  anions.  The  ions  arrange  themselves  in  the  usual 
lyotropic  series,  the  Na  and  I  end  being  the  most  favorable,  and  the  K 
and  citrate  end  being  the  most  unfavorable. 

Toxic  Action  of  Single  Salts. —  Immersion  in  any  solution  of  a  single  salt  also  renders 
muscle  inpxcitablc,  but  with  very  different  rapidity.  These  differences  follow  the  lyo- 
tropic series  in  the  same  sense. 

Rhythmic  Contractions  of  Skeletal  Muscle. — These  generally  develop  before  the 
Irritability  is  lost,  when  muscle  is  immersed  in  solutions  of  a  single  electrolyte  fLocb, 
iSqo).  If  a  certain  proportion  of  a  calcium  salt  is  added,  the  rhythmic  property  dis- 
af^>ears  again.  The  rhythmic  contraction  of  the  cardiac  muscle  or  of  mctiusv  also  dis- 
appears when  calcium  is  added.  Rbj-thmic  contractibUity  is  not  therefore  a  property 
characteristic  of  cardiac  muscle,  but  is  inherent  in  all  muscular  I'ssues.  The  reason 
uhy  the  contraction  of  the  heart  is  ordinarily  rhythmic,  and  that  of  skeletal  muscle  not, 
lies  in  the  fact  that  the  ions  in  the  heart  arc  balanced  so  as  to  favor  rhjlhmic  contrac- 
tions, and  in  the  .skeletal  muscle  thay  are  not  so  balanced. 

Ciliary  and  Muscular  Movement. — R.  S.  Lillie  (190^)  has  studied  the  effects  of  ions 
on  the  lar\'a'  of  a  sea-worm  (Arcnicola),  which  executes  both  ciliary  and  muscular 
movements.  He  found  that  the  presence  of  ma^esium  in  the  mixture  favors  the  con- 
traction of  the  cilia,  calcium  of  the  muscles;  potassium  hinders  both.  Parker  (1Q05) 
found  that  potassium  reverses  the  stroke  of  certain  cilia. 

^Boti  Actions  on  Heart. — These  are  highly  important  to  the  cardiac 
cofitractions.  The  excised  hearts  of  cold-blooded  animals  soon  stop  their 
beat  when  immersed  in  solutions  of  non-electrolytes  (Carlson);  but  they 
continue  to  contract  rhythmically  for  a  long  time  in  certain  salt  solutions. 
Analogous  phenomena  are  observed  in  the  perfusion  of  mammalian  hearts. 
The  solutions  must  contain  Na,  K,  and  Ca  ions;  and  these  must  be  in  a 
fairly  definite  "balanced''  ratio,  as  in  Ringer's  or  Locke's  solutions  or 
their  modifications.  Deficiency  or  excess  of  these  ions  cause  derange- 
ment of  function  and  are  equally  fatal.  The  ratio  is  much  more  impor- 
tant than  the  absolute  quantity  of  the  ions.  The  anions  are  relatively 
indifferent. 

Rdle  of  the  Indi^dual  Cathions. — XaCl  is  indispensable  to  the  rhythmic  contractions 
of  ihe  heart;  but  when  present  alone  it  produces  relaxation  and  is  fmally  fata!  to  the 
heart  as  to  other  tissues.  The  addition  of  K  ions  produces  a  diastolic  tendency  and 
SLands'till.  Ca  and  NtiCI  produce  increased  s>'5tolic  contnictions  but  the  diastoles 
become  imperfect  and  deficient.  Starting  with  a  balanced  Ringer's  solution,  .sudden 
IncrcaAe  of  K  results  in  slowing  and  weakening  (often  haUnng  of  the  rate) ,  and  flecrcased 
excitability  to  vagus  stimulation,  and  with  higher  concentrations  in  arrefit.  This  may 
be  removed  by  the  injection  of  Ca.  or  by  accelerator  stimulation.  Increase  of  Ca  acts 
like  accelerator  stimulation,  resulting  in  increased  excursions,  prolongation  and  fusion 
of  systoles,  and  systolic  standstill.  Ca  is  also  necessary  for  the  inhibitor^'  response  to 
vagus  sliraubition;  but  excessive  Ca  concentration  paralyzes  the  vagus  (Scntff;  Cazzola, 
1913;  Bochm.  1914).  (However,  Brine,  1917  claims  that  perfusion  of  the  turtle  heart 
with  fluids  deficient  in  calcium  does  not  interfere  with  vagus  inhibition. 

The  K  or  Ca  actions  predominate  when  the  percentage  of  one  predominates  about 
three  and  one-half  times  over  the  other.  The  effects  of  K-free  Ringer's  solution 
resemble  Ca  prcflomi nance.  Ca-frcc  Ringer's  solution  increases  the  rate — i  r.,  Ihe  result 
k  tbc  opposite  of  K  in  the  presence  of  Ca.  Deficiency  of  Ca,  K  or  OH  ions  shortens  the 
iurvivalof  the  heart  (Boehm.  1014). 

Theories  of  Cardiac  Ion  Relations. — In  the  tight  of  these  data  attempts  have  been 
knade  to  assign  definite  functions  to  the  individual  ions.  They  are  not  very  sati&fao 
fcoo%  except  in  that  they  emphasize  that  Ca  and  K  have  opposite  and  complementary 
effect*  (Ringer  1883),  Ca  promoting  contraction  and  K  relaxation.  Loeb.  1^99. 
attributed  the  contractions  to  the  Naions,  but  requiring  the  prcsenct-  of  Ca.  HoweU, 
kSqS  and  1906,  suggested  that  Ca  is  concerned  in  the  contraction  and  K  and  Na  in  the 
l^ajcation;  that  these  ions  enter  alternately  into  relation  with  the  contractile  substance; 
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that  accelerator  stimulation  liberates  Ca  and  vagus  stimulation  R  ions.     Martin,  iQtji^ 
assumed  uith  Howell  that  Ca  promotes  the  conversion  of  stable  iiilu  unstable  encrgyi^l 
>iclding  material;  that  Na  brings  about  the  actual  dissociation  and  thus  initiates  th^^ 
beat  (Linglc);  and  that  K  antagonizes  both  the  Na  and  Ca.     The  chcmic  conditions 
of  cardiac  activity  are  renewed  by  Tigerstedt.  Erg.  Ph.vsioL,  12:  369. 

Abnormal  Ions. — These  have  been  studied,  e.g.,  by  Lussano,  igr^,  b>  modifying  tbr 
constituents  of  Ringer's  solution.  Sr  and  iia  can  not  replace  Ca,  but  their  effects  cor. 
re-^p'jiid  to  those  of  excessi^■e  Ca.  Li  is  not  toxic,  but  causes  some  osmotic  slowio|- 
NH*  slows,  but  increases  the  irritability  and  strength. 

Radioactive  Metals. — Zwardemaaker  ct  al,  claim  that  in  heart  perfusion  the  potit 
sium  in  Ringers'  Ouid  may  be  replaced  by  any  radioactive  elements,  in  equi-radioactin 
proportions.     The  conclusion  requires  confirmation. 

Sinus  and  Ventricle. — In  the  irog,  these  react  alike  as  to  tonus  and  amplitude  towarti 
Ca,  K  and  Na;  but  their  rate  changes  in  opposite  directions  (Brouwcr,  iQi6t. 

Arterial  Muscle. — Prochnow,  1911,  tried  the  replacement  of  NaCI  by  other  anionv 
The  tone  was  raised  by  F>I  >Br.  Hatcher,  1006,  tested  the  excitability  of  tbekiiinry 
vessels  to  epincphrin  and  found  this  preservetl  twice  as  long  in  Locke's  fluid  rainui  ({lu 
cose,  as  in  o.q  per  cent.  NaCl.  Witn  glurose.  the  excitability  remained  eight  timcMt 
long.     The  ability  to  reduce  hemoglobin  behaved  similarly. 

Ion  Actions  on  Nerve. — Nerves  also  lose  their  irritability  in  solutions  of  non-elf<" 
trolytes,  and  recover  in  salts.  The  cathion  series  is  similar  to  mu.<;cle,  but  the  anion 
scries  is  reversed. 

The  reaction  of  motor-nerves  to  electrolytes  has  also  been  shown  to  be  an  additi^t 
function  of  the  two  ions:  the  anions  (alkalies  or  increase  of  valency)  stimulating  lie 
sciatic  ner\'e  of  the  frog,  while  cathions  (acids)  lower  its  irritability  (A.  P.  Matlic«, 
1902).  This  agrees  with  the  old  observation  of  Galvam  (confirmed  by  Grandis.  i()o:\ 
that  the  nerve  is  stimuUted  when  it  is  charged  by  induction  with  negative  electricity, 
and  depressed  by  a  positive  charge.  Mathews  assumes  that  the  stimulation  is  csu.«<i 
by  the  precipitation  of  the  (positive)  colloids  of  the  ncr\'e  by  the  anions,  and  w«  w*"'* 
This  demands  further  proof,  especially  before  it  is  extended  to  other  forms  of  protoplasm. 

Cathions  may,  however,  also  be  stimulant;  for  instance,  N(C>Hi)iClis  \Try  »tiD' 
ulant.  whereas  NH^Cl  is  indifferent  (J.  Locb  and  Kwald,  1916). 

Ca  and  K  on  the  Nervous  Centers. — Hooker,  1913,  perfused  solutions  of  these  chlv 
rids  through  the  respiratory  center  of  frogs,  and  found  that  increase  or  omission  ol  K 
from  balanced  sfilutions  produces  depression;  decrease  of  K  causes  stimulation,  ttllh 
Ca,  increase  and  omission  produce  stimulation;  diminution  depression.  The  perfused 
spinal  cord  of  frogs  gave  similar  results  (Hooker  and  Reese,  1914).  As  to  the  pcrfusioc 
of  the  medullary  cardiac  cenUrs,  predominance  of  K  stimulated  the  vagus  and  mhibiicd 
the  accelerator;  while  predominance  of  Csl  stimulated  the  accelerators  (Hooker.  lijK 
The  perfused  central  nervous  system  of  mammals  preserves  its  actixTty  besi  with  a  sec- 
tion of  0.9  per  cent.  NaCl  ancf  0.05  per  cent.  CaClj.  These  can  nqt  be  rephured  byrt  | 
lated  ions.     Even  traces  of  potassium  are  harmful  fP.  Gcrlach,  1914). 

Ion  Effects  on  the  Kidneys.— The  pol>-uria  and  gI>xosuria  which  follow  the  inti»- 
venous  injection  of  large  quantities  of  most  sodium  salts  (especially  in  slightly  hyper- 
isotonic  solutions)  perhaps  also  involve  ion  action;  at  least  (W.  H.  Fi.scher  and  0.  H 
Brown,  1903)  the  addition  of  a  small  proportion  of  GiClj  stops  the  diuresis,  which  may 
then  be  started  again  by  injecting  sodium  acetate.  Sr  or  Ba  salts  prevent  the  gtycosurk 
without  affecting  the  pol,vuria. 

Sollmann  (1905)  found  that  calcium  al.so  hinders  the  filtration  of  urine  and  imp«^ 
the  circulation  in  excised  kidneys,  while  magnesium  favors  them.  These  effect*  nu* 
be  referred  to  ion  actions  on  the  renal  protoplasm.  The  effects  of  most  other  ioM 
which  were  invegtijjaicd  in  this  manner  are  referable  to  osmotic  changes,  due  lo  difief' 
cnces  of  penetrability. 

Guthrie,  1910,  claims  that  direct  perfusion  of  the  kidney  vessels  with  saline  »(» 
tions,  even  for  a  short  period,  is  followed  by  hemorrhagic  and  degenerative  change  i'^ 
the  kidneys,  leading  lo  uremia  and  death  after  a  few  weeks  or  months.  Simple  ancoiu 
of  equal  duration  is  much  less  detrimental.  Carrel  claims  that  he  has  not  obter^ 
these  results. 

Balanced  Salt  Ratios. — A  .solution  containing  a  single  eleclroI>te,  iK 
matter  what  the  chemic  nature  of  the  latter,  is  fatal  to  all  forms  of  life* 
The  toxicity  can  be  greatly  lessened  by  the  addition  of  a  second  salt. 
This  is  called  the  '^antitoxic  action"  of  ions.  For  perfect  functionatkw. 
several  salts  are  necessary,  in  a  definite  "balanced"  ratio  (J.  Locb,  tifoo}- 
Departures  from  this  ratio  modify  the  functions  of  the  ceil,  and  largO" 
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changes  are  fatal.  The  mineral  constituents  of  cells  are  therefore  indis- 
pensable to  life.  The  phenomena  are  probably  produced  by  modifications 
in  the  permeability  of  the  cell  membrane. 

Ions  Essential  to  Life. — The  following  salt  ions  are  absolutely  neces&ary  to  plants: 
K,  Mg.  PO*.  CO3  (Na  and  CI  are  not  necessary);  Ca  to  all  but  the  lower  fungi  and 
algx.  AIn  forms  an  essential  constituent  of  vegetable  oxidizing  enzymes.  NOi  and 
SOt  act  as  nutrients. 

Animals  require  Na,  CI,  COi,  Ca,  K,  Mg,  I.  Fc,  PC*,  SO*.  It  is  very  doubtful 
whether  other  elements  existing  only  in  traces  (such  as  FI)  are  necessary,  or  merely 
accidental. 

The  microchcmic  investigations  of  A.  B.  Macallum  (1905)  indicate  that  the  elec- 
trolytes arc  localized  in  certain  portions  of  the  cell  by  gurfact:  tension. 

Mineral  Salts  in  Nutrition. — McCoDum  and  Davis,  191^,  found  a  definite  salt  mix- 
ture in  the  food  to  be  essential  to  the  growth  of  rats.  Osborne  iind  Mendtl,  1912,  also 
found  that  rats  fed  on  a  diet  free  from  Inorganic  salts  declined  continuously  in  weight, 
and  that  a  definite  mixture  of  salts  must  be  supplied. 

Subsequent  work  (Mendel  and  Osborne,  1917)  sWved  tliat  r.its  require  considerable 
caJdum  and  phosphorus,  but  may  grow  on  very  little  of  cither  Mg.  Na,  K  or  CI. 
However,  simultaneous  lowering  of  K  and  Na  checks  growth.  The  salt  content  of  the 
milk  undoubtedly  plans  an  important  part  in  the  nutrition  of  infants.  Cows*  milk  is 
considerably  richer  in  all  the  important  suits  than  is  human  milk,  but  the  diUercncc  is 
probably  compensated  by  the  better  utilization  of  the  salts  of  human  milk. 

Antitoxic  Action'  of  Ions. — .As  far  as  known,  no  cell  can  remain  alive  unless  it  con- 
tains some  electrolytes.  ]f  these  are  reduced  below  a  certain  minimum,  the  cell  dies 
rapidly.  But  in  many  cases  it  dies  even  more  promptly  if  it  is  placed  in  a  solution  con- 
taining but  a  single  electrolyte.  This  is  the  toxicitj'  which  was  described  in  the  pre- 
ceding paragraphs.  It  would  seem  therefore  that  several  eUcindytcs,  in  a  certain  ratio, 
are  required  in  order  thai  the  cell  may  perform  its  functions.  This  was  conlirmed  by  J. 
l^ocb  (1901),  who  showed  that  the  toxicity  of  an  electrolyte  can  be  \'ery  greatly  lessened 
by  the  addition  of  another  electrolyte,  sometimes  in  xczy  small  proportion.  (For  in- 
stance, the  addition  of  M.ooo  ^-  CaCli  neutralizes  the  toxic  action  of  %  m.  XaClon 
Fundulus  ova.)  The  antagonism  rs  mutual,  at  least  to  some  extent.  Instructive  ex- 
amples of  antagonism  are  furnished  bv  J.  Loeb,  191 1. 

From  his  observations,  Loeb  at  nrst  concluded  that  the  calhions  are  responsible 
both  for  the  toxic  and  antitoxic  actions;  and  that  cathions  of  diflerent  valencA' neutral- 
ise each  other.  The  extensive  experiments  of  A.  P.  Mathews  (1905)  modify  these 
theories:  It  would  appear  that  cathions  and  anions  are  both  concerned  in  the  toxic  and 
antitoxic  actions  (although  the  cathions  are  probably  the  more  important);  and  that 
the  valency  has  no  direct  connection  with  either  the  toxic  or  antitoxic  action  (Loeb, 
1914).  The  decomposition-tension  seems  to  be  of  subsidiar>*  importance  in  the  anti- 
toxic action,  and  it  appears  to  be  necessary  to  invoke  sevend  mechanisms  for  its  ex- 
planation. The  antagonism  is  e\*idcntly  a  complex  phenomenon,  involving  al.so  the 
specific  ion  actions.  It  may  be  noticed,  for  instance,  that  certain  ions  (NHi  and  Li) 
are  parttcularlv  diiilicuU  to  neutralize;  Ca  is  especially  antitoxic,  Mg  much  less  so;  Ni 
flcarccly  at  all.  The  optimum  ratio  and  the  degree  of  antagonism  vary  for  different 
classes  of  cells.  Closely  related  ions  sometimes  have  very  diflerent  effects,  and  can  not 
replace  each  other.  Even  when  the  antagonism  of  two  salts  is  at  its  best,  it  is  never 
perfect;  it  requires  the  addition  of  one  or  more  further  salts  to  enable  the  cell  to  per- 
form its  functions  properly.  Indeed,  a  strictly  normal  condition  is  not  reached  unlit  the 
cell  is  plticrd  in  a  solution,  the  calhions  of  which  are  within  narrou'  limits  the  same  quali- 
tatively and  quantitatively  as  thone  of  Us  normal  surroundings. 

Nature  of  Ion  Action. — There  are  reasons  for  believing  that  the  ion 
actions  are  exerted  only  on  the  surface  of  the  cell,  especially  by  altering 
the  permeability  of  the  envelope  (plasma  membrane);  and  that  the  anti- 
toxic actions  are  also  exerted  mainly  on  the  permeability. 

The  high  resistance  of  cells  to  the  penetration  of  ions  makes  any  internal  eflfects 
very  improbable  With  potassium,/.!.,  which  is  highly  toxic  to  muscle  cells,  it  has 
been  shown  that  it  passes  neither  into  nor  out  of  the  cells  CUnino;  Fahr).  The  same  is 
tnie  of  calcium  (W.  Straub,  191a).     The  promptness  vrith  which  the  effects  can  be 

■  The  term  "antitoxic  action."    applied  to  ioiu.  means  something  very  different  from  the  aama 
wbea  it  it  used  in  oonnectioa  mtti  bacterial  poisons. 
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removed  bv  the  addition  nf  a  second  salt  also  speaks  against  absorption.  It! 
probable  that  the  singlu-salt  solutions  disturb  the  semipermeability  of  the  mcmbt 
(J.  Ijocb,  190s,  1914).  thus  interfering  with  the  maintenance  of  the  electric  poleni 
which  determines  irritability.  The  increased  permeability  would  also  produce  rj 
changes  by  permitting  the  entrance  of  foreign  ions.  However,  the  mecha4ii&m  is 
always  the  samc;/.j.,  Loch  and  Wastencys,  igio,  found  that  the  immediate toxidtyt 
NaCn  for  sea-urchin  eggs  is  due  mainly  to  greatly  increased  oxidation;  and  Warbur 
igio,  found  accordingly  that  the  toxicity  is  diminished  by  the  addition  of  Na<~ 
the  other  hand,  the  toxicity  of  NaCI  for  the  neuro-muscular  mechanism  of 
quite  different;  in  these  it  diminishes  oxidation,  and  cyanid  is  tlicrcforc  notani 

Eleclroiytes  on  Difusion  through  Living  Cells. — J.  Loeb,  1916.  found  that  the  pi 
of  eleclroKlca  has  a  markedly  favorable  effect  on  diffusion  from  or  into  Funduhisi 
Presumably  this  holds  also  for  other  cells.     Cell  permeiibilily  would,  therefore,  rwiuii 
a  certain  salt-content  of  the  plasma-membrane.     Excess  of  electrolytes  bowc^xr.  uiill 
hinders  diffusion.     In  this  way.  the  penetration,  and  therefore  the  effects,  of  »  oh 
may  be  either  aided  or  hinderpd  by  the  presence  of  a  second  salt. 

Plasma  Membrane  and  Electric  Stimulation. — Xernst,  tHoq.  suggested  that  elcctiK 
stimulation  changes  the  ion-conrcntmtion  on  the  surface  of  the  semipermeable  mm- 
brane.  I-illie,  igis,  proposes  a  similar  theory  for  ner\';?-conduction:  The  changt  in 
permeability  would  itself  set  up  electric  changes,  which  would  stimulate  the  adjacctit 
portions  nf  the  nerve. 

Mechanism  of  Antitoxic  "Action." — G.  N.  Stewart.  1903,  suggested  that  iheaniij- 
onism  of  salts  may  be  explained  in  some  cases  by  alteration  of  permeability,  prex-entiii 
osmotic  changes  or  tJic  penetration  of  harmful  ions.  This  has  been  confirmed  bj-  ]. 
Loeb,  1905,  iQii,  and  igis.  It  is  probable  that  K  "loosens"  the  plasma  roembrut 
and  thus  abolishes  excitability;  and  that  Ca  counteracts  this  effect.  The  reasons  for 
the  necessity  of  Na  and  Mg  have  not  been  explained. 

Loeb  (1914)  now  believes  that  the  conservation  of  the  plasma  membrane  reqafao 
a  spedfic  mixture  of  Na,  K  and  Ca  cblorids;  and  that  any  departure  from  this  bouKcd 
ratio  disturbs  the  membrane.  A  partial  preservation  may  dc  secured  by  substitutiiif 
other  ions  with  similar  properties.  The  %vhole  phenomenon  is  rather  analogous  totir 
behavior  of  soaps  (Clowes,  iqi6).  Osterhout,  1911  to  1Q18,  arrives  «l  aimilir 
concluaons.  He  finds  that  all  substances  (non-electrolytes  as  well  as  electrolTtli^, 
that  affect  permeability  belong  to  one  of  two  classes,  which  antagonize  each  other: 

(i)  NaCl  type,  increasing  permeability  from  the  start  to  death; 

(2)  CaClj  type  (including  alwt  Sr,  Mg  and  H,  as  chlorids),  decreasing  the 
bihty  to  a  certain  concentration;  beyond  this  acting  like  NaCl. 

Growth  of  cells  occurs  only  in  solutions  that  preserve  the  normal  permcaWlily.  .41 
deleterious  conditions  alter  the  normal  permeability;  and  cells  of  abnormal  permetbQitf 
have  a  lowered  vitality. 

Other  factors  may  conceivably  cooperate,  such  as  the  electric  and  chemic  chitf& 
decrease  of  dissociation  (as  in  the  effect  of  citrates  on  Ca;  Sabbatani,  loox).  Fintflir, 
the  antagonism  may  be  functional,  for  it  has  been  noticed  that  calcium  also  aRtigMiv> 
some  poisons  which  are  not  electroljtcs  (veratrin,  Ringer,  1884;  ph>*sosligmifi,  " 
Matthews  and  O.  H.  Brown,  1904;  casoira,  MacClallum,  1904).  and  to  which  it  is  > 
in  its  functional  effects.  Similarly,  magnesium  is  mutually  antagonistic  with 
tigmin  (Melt^er). 

Magnesium  and  Calcium  Antagonism. — This  presents  several  special  featart*  b- 
crease  of  either  Ca  or  Mg  ions  depresses  muscle  and  nervous  structures.  Vex'ertWA 
the  effects  of  the  Mg  may  be  removed  by  addition  of  Ca.  Ca  also  antagnnixe  ^ 
inhibitory  effects  of  K,  as  well  as  the  stimulant  effects  of  Na  (Meltzer  and  .Auer,  igo**- 
Strontium  does  not  take  the  place  of  Ca  in  these  reactions. 

Even  more  complex  relations  have  been  discovered  (Joseph  and  Meltscr,  1910*;  ■ 
frogs,  injection  of  Mg  into  the  lymph  sac  produces  a  curare  action,  panl.viiac  t^ 
muscle-nerve  endings,  but  not  the  muscle.  The  excitability  is  restored  by  Cm.  ft** 
fusion  of  Mg  paralyzes  the  muscle  as  well  as  the  endings.  Ca  has  no  restorative  rfw* 
Na  restores  only  the  muscle;  Na  +  Ca  restores  also  the  endings. 

Caubert,  1919  asserts  that  the  velocity  of  the  diffusion  of  Ca  ions  ihrourii  ct&f^ 
(for  instance  milk)  is  increased  by  the  presence  of  Mg  salts;  whereas  the  aifluao»« 
~  Ig  ions  is  retarded  by  C^  salts.     On  the  other  hand,  the  diffusion  of  glucocc  tltfoip 
jctable  cells  is  fax'ored  by  Ca  and  retarded  by  Mg. 

"Physiologic"  or  "Normal"  Saline  Solutions  (Artificial  Scnnns!- 

The  deleterious  effects  of  single-sall  solutions  have  led  to  the  imru*iuci:L« 
of  solutions  better  adjusted   to   the  physiologic  requirements.    These 
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[>alanced  solutions  are  necessary  when  experimenting  on  excised  tissues. 
rhey  are  less  important  for  injections  into  living  animals,  in  which  even 
»ingle-salt  solutions  are  rapidly  adjusted  by  exchange  with  the  tissues. 

These  solutions  hcivc  been  devised  partly  empirically,  partly  by  imttatinj?  the  salts 
)f  the  blood  serum  or  sea  water.  Different  tissues  often  require  slight  modifications  to 
lecure  the  optimal  eflects,     Tlie  following  are  the  most  Important: 

Isotonic  WaCl  Solutions. — Masse,  1869.  determined  experimentally  that  0.6  per  cent, 
s  the  best  concentration  for  preserving  the  irriULbility  oi  frogs'  tissues.  Later,  it  wa3 
ihown  that  thi.s  tKilutioo  was  not  indifferent:  Kronecker  and  StirlinK  obsen'ed  stoppage 
►f  the  heart:  Ringer,  twitching  of  muscles;  I-ocke,  contractures  and  increased  irritaoility. 
^^arslaw  and  Locke^  curare  action,  etc.  These  effects  can  only  be  overcome  by  balanc- 
ng  the  solution  with  other  salts.  However,  the  solution  is  practically  isotonic  with 
rog's  blood,  and  therefore  obviates  osmotic  changes.  On  the  other  hand,  it  is  hypotonic 
o  mamrruiJian  blood,  which  requires  about  o.q  per  cent.  NaCi.  Solutions  of  0.8  to  0.9 
>er  cent,  are  therefore  generally  preferred  for  mammals.  The  concentration  of  the 
J.S.P-  is  0.85  per  cent.  Abel,  however,  found  in  W\'idiffusion  that  a  lower  conccntra- 
iotL,  about  0.6  per  cent,  prevented  edema  more  effectively. 

It  will  be  recalled  that  the  e.\act  composition  is  of  relatively  small  importance  for 
njections  into  living  animals. 


TABLE  OF  COMMONLY  USED  BALANCED  SOLUTIONS 

PcrcentagM 


Autbur 


Adapted  tu 


N»C1  i 

KCl 

0.6 

0.OO7S 

0.7 
0.7 

0.03 
0.014' 

o.fis 

O.OI 

0.91 

0.8 

0043 

0.0075 

O.B 

0.0a 

0.6 

0.03 

0  so 

0  04 

CaCh 


NuHCO)     Other  meredienti 


itiBaer 

Howell 

Park 

Coctfaljn   .,        .. 

l^cke 

RuRih 

Tyrode  -       . . 
Hedon  And  Picig 
Adter 


Prog's  heart 

Frog'B  heart 
Prog's  heart 

Frog*»  heart 

Mammalian  heart 
Mammalian  facart 

Mammalian  intes- 
tine 

Mammals 


Miimm.ilfi 


O.OI  (drjfld) 
(o>oi6  (nyataU) 
0.0  33  (crystalsi 
0.013  <dried) 

00065  (dried) 

0.0J4  (crrystals) 
0,01.  (dried) 


o  02  (crystals)       o.  i 


0.00  J 
0.0a 


o.ois 

O.OI 


o  01  (dried) 


o  o-i  (crystalg) 


o.rs 


o  351 


NaiHPO«.o.ooo9 
NaHiP04.o  0008 
Dextro$e,  o .  t 

MgClf.  o.ot 
NaiKPOi.O.OOS 

Glucose,  o .  I 
MgSOt.  0.03 
NajHPOi.o  05 
GIuooM,  0.1 
MrCU.  0.035 
MaiHPO*.  o  0126 


I  - 


Glucofle.  015 


OTK  1. — In  miikinK  solutions  containing  NaHCOa,  this  must  be  completely  dissolved  before 
Clt  it  added. 
K  >.— Other  solutions  are  de8crit>ed  in  "Digests  of  Comments  on  Pharmacoptaia."  ipl  I, 
1. 
The  lower  K  content  gives  a  more  rapid  heart  rate. 

Locke's  Solution. — This  is  intended  to  be  used  with  a  stream  of  oxygen.  It  was 
orijjinally  devised  for  the  mammalian  heart;  but  it  also  maintains  the  vitality  of  arteries 
^Hatcher,  1906),  and  of  nervous  and  other  tissues  (Hedon  and  Flei;^^  1905). 

Hcrlitzka,  iQio.  found  the  addition  of  ureii  and  glycerin  to  I-ockc's  solution  essential 
for  the  excitability  of  the  nervous  system  of  frogs.  Presumably  they  influence  the  per- 
•Dcability  of  the  lipKjids.  Bombiam»  191.3,  finds  that  the  fiivoraUJe  effect  of  urea  on  the 
sebchinn  heart  is  not  shared  by  related  substances,  and  therefore  considers  itchemic. 
U  dilates  tlie  perfused  vessels  of  the  frog  (Hooker,  191  r1. 

Sea  Water. — This  contains  the  important  ions  in  about  the  same  ratio  as  the  artificial 
Mution;  e.g.,  for  100  molecules  NaCl  there  are  the  following  molecules  of  other  salts: 


H»  srater 


KCl 
2.2 


'inger-Locke  solutions... 1.  7-2.4 


MgCli 

MffSOi 

CaCIi 

7.8 

J-8 

2.3 
i.x-i.6 

.  A.  B.  Marallum,  iqio.  suggested  the  interesting  theory  that  the  composition  of  the 
Wood  is  a  survival  of  the  evolutionary  adaptation  of  animals  to  their  original  marine 
^\ironmcnt. 
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Tim  composition  of  sea  waier  is  somewhat  different  in  different  oceans. 
English  channel  it  is  as  follows: 


In  the 


IrOOO  i^farts  by  weight  contain: 

NaCl 

KQ 

Mga, 

MgBn 

MgS04 

CaSO, 

CaCO, 

lodids,  etc 


37.0 
o  75 

■    3-7 
0.037 

1.4 
.   0.03 
.  traces^ 


American  analyses  are  furnished  by  Wheeler,  Jour.  Amer  Cbem.  Soc,  33:646, 1910. 

The  frccring-point  of  sea  water  is:  — i-ig^C.  at  Naples  (Bottazzf,  1R97);   — 1.90' 
at  Pacific  Grove,  Caliiornia;  and  — 1.82*  at  Wood's  Hole,  Massachusetts  (Carrey,  1905). 


OSMOTIC  EXCHANGES  IN  THE  BODY 

General  Statement. — Osmosis  tends  to  operate  within  as  without  the 
body,  so  as  to  bring  all  the  fluids  into  osmotic  equilibrium,  and  if  po&slblf, 
to  establish  an  identical  composition.     It  is,  however,  modified  by  other  _ 
forces.     If  a  foreign  solution  is  introduced — /./.,  into  the  intestines,  orfl 
peritoneal  cavity,  or  blood — the  osmotic  forces  will  very  rapidly  bring  its  " 
total  molecular  concentration  to  that  which  is  normal  for  the  tissues. 
This  exciiange  could  be  effected  either  by  the  passage  of  water;  or  by  the 
passage  of  the  foreign  salts  out  of  the  solution  into  the  tissues;  or  by  the 
passage  of  the  normal  salts  from  the  tissues  into  the  solution.     In  fact,  all 
three  processes  generally  participate,  their  share  varying  according  to  the 
special   permeability  of   the   tissues.     In  general,    the   exchange  occurs 
mainly  in  the  direction  which  will  favor  the  normal  physiologic  functionb; 
I.e.,  in  the  direction  of  absorption. 

When  the  molecular  concentration  of  the  blood  has  been  reached,  there 
remains  less  scope  for  osmotic  exchanges,  and  the  further  absorption  must 
occur  by  other  forces  (filtration,  imbibition,  etc.),  generally  much  more 
slowly.  The  rAle  of  osmosis  in  absorption  is  therefore  important,  but 
limited.  Its  active  share  in  the  secretion  of  the  body-fluids, /.>.,  the  urine 
or  lymph  is  normally  small;  it  is  important  mainly  by  selling  limits  to  the 
real  secretory  forces. 


The  Rfile  of  Osmosis  in  the  Absorption  of  Solutions  from  Serous  Cavities  and  tynpb 
Spaces. — This  absorption  is  almost  entirely  ph>'sical,  for  it  occurs  quite  well  in  d»i 
animals,  although  it  is  naturally  more  rapid  when  the  circulation  is  intact.  becauM  tbc 
absorbed  products  arc  then  more  rapidly  removed.  Osmosis  pla>-s  a  ver>*  important  port 
in  the  absorption,  especially  if  the  solutions  are  anisotonic.  If  a  hypoisotonicsoluti^fi 
is  introduced,  osmosis  causes  the  rapid  absorption  of  water;  with  hyperisotonic  solution*, 
the  volume  of  the  fluid  will  at  first  increase,  until  it  has  become  equimolecular  with  tht 
plasma.  At  this  time,  however,  the  fluid  is  really  h>'poi5otonic  to  the  non-diffusiblr 
constituents  of  the  cells  and  blood,  so  that  it  would  be  eventually  absort>cd,  by  the  oper- 
ation of  osmosis  alone.  The  osmotic  absorption,  for  instance  from  the  peritoneum.  ^ 
auickened  if  the  body  fluids  are  rendered  hj-perosmotic,  as  by  nephrectomy,  or  liffationof 
3e  renal  vesseb.  or  indeed  by  operations  generally,  or  by  cpincphrin.  Eiheiiatioa 
alone  does  not  affect  the  osmotic  ahsorptinn.  Caffcin  lessens  it  in  normal  animiiU,  bul 
increases  it  after  nephrectomy  (Pleisher  and  L.  Loeb,  1910). 

Ordinarily,  however,  the  tjSmotic  absorption  is  very  slow  after  the  solution  hasbf" 
come  isomoleculnr;  and  other  factors  inter\*cne  to  hasten  the  process.  Of  these  S- 
tration  and  imbibition  are  the  most  important.  The  fUtraiion  pressure  Is  fonxisW 
especially  by  muscular,  rcspirator>',  and  peristaltic  movement.  The  intraperitonal 
pressure  amounts  to  i  to  35  mm.  of  water  (H.  Emerson,  IQ07).  It  may  be  incitn'^ 
by  massage. 
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Lbibition  in  Absorption. — The  term  '* imbibition*'  is  applied  to  the  familiar  phe- 
nomenun  of  ihe  swelling  of  pieces  of  glue,  gelatin,  agar,  tissues,  and  olbcr  colloid  gels, 
yrhca  these  arc  placed  into  solutions  (F.  Hofnacister,  1890  and  i8qi).  This  process  is 
quite  distinct  from  osmosis,  although  both  may  take  place  side  by  side.  Imbibition  is 
probably  analogous  to  adsorption. 

Hamburger  nas  shown  that  when  a  solution  is  placed  in  a  gelatin  c>'linder,  and  this  is 
Smmcrscd  in  a  circuUiline  current  of  the  same  solution,  the  stagnant  fluid  in  the  cylinder 
passes  gradually  througn  the  gelatin  into  the  circulating  fluid.  The  phenomenon  is 
obviously  analogous  to  the  absorption  of  isotonic  solutions  from  serous  cavities,  and 
helps  to  explain  the  latter.     Hamburger  considers  this  process  an  imbibition  cfTect. 

Many  ph>'siologists  consider  that  vital  fortes  also  cooperate  in  the  absorption;  the 
possibility  of  this  can  not  be  denied;  but  there  is  scarcely  any  positive  proof  in  its 
Bupport;  if  it  pla>-s  any  r6le,  this  must  be  quite  subsidiary. 

Absorption  of  effusions  or  serum  from  serous  cavities :  In  this,  the  cooperation  of  os- 
mosis is  almost  excluded,  for  these  contain  non-diffusible  protein  constituents,  as  well  as 
the  tissues.  However,  the  proteins  of  these  fluids  tend  to  breaic  down  constantly  into 
more  diffusible  molecules  (as  shown  by  the  fact  that  exudates  generally  depress  the 
freezing-point  somewhat  more  than  does  the  blood).  Osmosis  therefore  plaj-s  a  part, 
but  this  must  be  relatively  small.  The  existence  of  proteins  also  limits  the  operation  of 
imbibition,  for  proteins  are  not  imbibed  by  colloids.  This  leaves  filtration  as  the  main 
factor  in  the  absorption  of  protein-containing  fluids.  The  absorption  of  theae  liquids 
b  consequently  a  much  slower  process  than  that  of  salt  solutions. 

Absorption  from  the  Alimentary  Canal. — This  is  probably  even  more 
dependent  upon  forces  other  than  the  osmosis  than  is  absorption  from 
^erous  cavities. 

Filtration  aided  by  the  intraintestinal  pressure  is  an  important  aid  (Hamburger). 
There  are  also  other  processes,  ill-understood:  Thus  if  an  excised  and  surviving  intestine 
Is  immersed  in  a  solution,  a  passage  of  fluid  takes  pbcc  from  the  lumen  to  the  surrounding 
Quid,  even  when  the  two  fluids  are  identical  (Cohnheim,  1899).  Hamburger,  1906, 
Sttributes  this  to  imbibition,  and  find.s  that  even  the  dead  intestine  is  differently  per- 
meable in  the  two  directions.  Sodium  sulphate,  for  instance,  passes  much  more  readily 
Erom  the  lumen  to  the  exterior  than  in  the  re\t:r5e  direction.  He  has  also  demon- 
Itrated  a  "polarity"  of  absorption  in  artificial  membranes,  in  which  the  two  surfaces 
bave  a  different  composition.  The  diffusion  tlirough  excised  Intestine  is  markedly  influ- 
enced by  salic>dates  and  some  other  substances  (Hanzlik,  iQi^)-^  The  absorption  of 
Ions  from  the  excised  intestine  has  been  investigated  by  Benediccnti.  iqo6  and  oy  Hoe- 
l>er,  1903.  The  latter  found  the  anion  scries,  CI  >Br>I>N0a>S04.  Lipolytic 
tubstances  (short  of  the  narcotic  concentration)  are  absorbed  more  readily  than  non- 
Kpoid  solutes.  From  analogy  with  dyes,  Hocber  assumes  that  the  lipolytic  are  absorbed 
through  the  cells,  and  that  the  absorption  of  non-tipoids  is  confined  to  the  intercellular 
pubstance. 

Brodie  and  Vogt,  iqio,  showed  that  the  ox>'gen-consumption  of  the  intestines  is 
^creased  during  the  absorption  of  normal  saline,  water  and  peptone  solutions;  indicat- 
ing that  the  cells  also  play  an  active  part  in  the  process. 

Absorption  Curve, — Hanzlik  and  SoUmunn  (iqoq  to  1913)  have  found  that  the 
Ibsorption  of  phenol,  alcohol,  iodid  and  prcsumablv  other  substances  from  intestinal 
loons  follows  a  uniform  curve,  the  rate  being  ver>-  rapid  for  the  first  ten  to  thirty  minutes, 
ftna  then  ver>'  much  slowed.  Various  factors  seem  to  be  concerned  in  this  phenomenon. 
The  rate  of  absorption,  under  these  conditions,  is  not  greatly  influenced  by  the  concen- 
tration of  the  solution  or  by  the  extent  of  the  intestinal  surface. 

Importance  of  Osmotic  Exchanges  in  the  Intestine. — Osmosis  has  at 
least  a  modifying  influence  on  intestinal  absorption.  The  lime  during 
Irhich  the  food  remains  in  the  alimentary  canal  is  ample  to  effect  osmotic 
exchanges  between  the  intestinal  contents  and  the  blood.  An  isotonic 
Condition  becomes  established  quite  promptly  (but  is  not  completed  in 
the  stomach;  E.  Otto,  1905). 

I  This  eqiMlization,  wUh  the  absorbable  salts,  is  mainly  in  the  direction  to 
Mciliiaie  absorption:  hyperisotonic  solutions  being  rendered  isotonic 
rather  by  the  absorption  of  salt  than  by  the  pouring  out  of  fluid;  while 
lypoisotonic  solutions  are  rendered  isotonic  by  the  absorption  of  their 
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water.     (In  other  situations  than  the  alimentary  canal,  the  equaliza 
takes  place  more  uniformly  in  both  directions.) 

These  changes  result,  in  corresponding  alterations  in  the  cornpofiil 
of  the  cells  of  the  gastric  and  intestinal  mucosa,  which  are  therefore  j 
subjected   to   osmotic   salt   action.     This   causes   irritation.     Wlien  ibf 
irritation  is  mild,  it  increases  secretion,  absorption,  and  peristalsis.     Morr 
severe  grades  of  irritation,  however,  produce  emesis  and  inrlammation. 

Saks  which  arc  not  absorbable  by  the  intestine  (cathartic  salts;  an 
reduced  to  isotonic  conditions  by  the  absorption  of  fluid.  This  fluid  b 
retained  in  the  intestine  with  the  sails,  increasing  the  bulk  and  fluidity 
of  the  intestinal  contents,  and  serving  as  a  mechanical  stimulus  to  peri- 
stalsis.    This  explains  largely  the  cathartic  effects  of  these  salts. 

Absorptiort  from  Colon. — Goldschmidt  et  al,  ipig  found  that  diffusion  occunio  botb 
directions.  With  fluids  below  a  certain  threshold  (about  o.it  per  cent.  NaO,  »iii 
A0.134)  chJorids  pass  from  the  blood  into  the  colon.  With  h}T>ertoDic  solutions  (Abow 
A0.786  =  NaCl  1.3  per  cent.)  fluid  at  flrst  goes  into  the  colon.  Fiaally,  the  QiAdtk 
frcezinj;  point  comes  into  equilibrium  with  the  blood. 

Molecular  ConccfUration  of  Gastric  Juice. — Carlson,  1915.  found  the  fiecnnf^wiat 
of  normal  human  "appetite  juice"  as  —0.55  to  0.62;  that  of  hunger  juice  as  —047* 
0.52.     Similar  results  were  obtained  with  cIo(;s. 

Osmotic  Effects  on  the  Blood  and  L3anph— Fate  of  Salt  Sohrtioni 
Within  the  Body. — In  whatever  concentration  and  by  whatever  chAAseb 
salts  are  introduced  into  the  body,  ihey  will  tend  to  increase  the  quantiij 
of  blood,  or  rather  of  plasma;  and  to  render  it  more  watery  and  les-s  v 
in  other  words,  to  produce  hydremic  plethora.  If  isotonic  or  hypoi 
solutions  are  introduced,  they  will  dilute  the  blood  by  their  own 
hypertonic  solutions  are  injected,  the  blood  will  draw  fluid  from  the 
until  it  has  resumed  its  original  concentration.  The  result  will  be 
dremia  in  either  case.  If  anisotonic  5o/«//Vn.s  are  introduced,  they  «I| 
temporarily  alter  the  molecular  coiwentration  of  the  plasma. 

However,  the  blood  possesses  a  remarkable  power  of  resuming  iii  nofwd 
condition^  its  total  moleadar  concentration,  ratio  of  individual  ctynstiimtb% 
ratio  of  corpuscles  to  plasma,  and  total  quantity  {in  about  this  order).  HbJ 
process  of  restitution  takes  place  very  rapidly;  it  is  far  advanced  beforei 
quick  intravenous  injection  can  be  completed;  the  molecular  conccniratitfi 
returns  to  very  near  normal  within  ten  minutes;  the  quantity  of  blood  wi 
individual  constituents  are  restored  somewhat  more  slowly;  but  thcyarp 
almost  normal  in  half  an  hour;  after  two  hours,  the  blood  presents  odI^ 
very  slight  abnormalities,  even  when  very  large  injections  have  been 
(Magnus,  1901;  Sollmann,  1901). 

The  tctui  moUcular  conccniration  is  the  first  factor  to  be  restored;  this  is 
mainly  by  the  passage  of  the  dissolved  molecules:  If  a  kyfurrisoivni^:  sotitiionni 
the  injected  molecules  leave  the  blood  ver>  rapidly.     Other  molecule*,  leave  morel 
and  water  is  taken  up  into  the  blood.     As  soon  as  the  normal  molecular  coacrnt 
restored,  the  phenomena  liecomc  identical  with  those  following  the  injection 
solutions. 

If  a  hypoLiotonif  solution  Is  injected,  the  principal  phenomenon  at  firet  is  the  _ 
"cculcs  into  the  hlooH.  the  injected  molecules  leaving  the  plasma  vcr>' siofjlfi, 
also  leaves  only  gradually.  i,e.,  mostly  after  the  normal  ooncentratioa  * 


■■^ttched;  and  then  by  the  same  process  as  wMh  isotonic  solutions. 

■'  in  Uotonir  solution  of  a  single  salt  fsodium  chlorid  or  sulphate)  b  ini 
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injetted  molecules  leave  the  circulation:  the  molecules  <omewfc»l 
■   same  time,  other  molecules  enter  the  circulation.     Tlii>  pcocet 
M  iil/wut  two  hours),  until  the  original  quantity  of  blood  and  its  orifinAl< 
have  Ikco  practically  restored. 
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Mechanism  of  Restoraikm. — The  restitution  of  the  blood  consists  in  a 
process  of  exchange  with  the  remainder  of  the  body.  There  can  be  no 
doubt  that  the  tiiisues  (especially  the  striated  muscle  cells,  Engels,  1904; 
Jappelli.  1906;  and  the  liver,  Sherrington  and  Copeman,  1893;  Uschinsky, 
1905)  play  the  most  important  r61e  in  the  rapid  exchange  which  we  have 
so  far  described. 

With  intravenous  injections  of  hypertonic  solutions,  the  musdes  supply  most  of  the 
irater,  and  take  up  a  larj^fe  part  of  the  salt;  although  their  salt  percentage  docs  not  in- 
crease as  rauch  as  that  of  some  other  tissues  (WahJgren,  1009).  The  quantity  of  mate- 
rial of  which  tissues  can  dispose,  without  visible  change,  is  astonishingly  great.  In 
rabbits,  the  tissues  may  take  up  Ringer's  solution  amounting  to  four  times  the  quantity 
of  the  blood  (Bogert,  UnderhiU  and  Mendel,  igi6).  However,  veo'  large  injecliona 
give  rise  to  ascites,  effusions,  etc. 

In  addition  to  the  tissues,  the  lymph  and  urine  flow  and  all  tJte  secre- 
tions of  the  body  are  also  increased;  and  to  them  falls  the  task  of  finally 
removing  the  injected  substances  from  the  tissues  out  of  the  body.  The 
tissues  act  the  part  of  elastic  reservoirs,  as  it  were,  quickly  relieving  the 
blood  of  the  disturbing  element,  again  to  give  up  the  abnormal  substances 
IS  rapidly  as  they  can  be  removed  by  the  more  slowly  acting  excretory 
onechanisms. 

Physical  processes,  notably  osmosis  and  filtration,  play  a  very  impor- 
tant part  in  the  exchange  with  the  tissues,  and  in  the  increased  lymph 
Bow.  Indeed,  it  is  scarcely  necessary  to  invoke  any  vital  mechanism  for 
their  explanation. 

Conditions  Delaying  the  Restoration  of  the  Blood-volume. — Bogert,  UnderhiU  and 
Mendel,  1916,  confirm  that  in  normal  dogs  and  rabbits,  the  blood-volurae  returns  to 
normal  within  half  an  hour  after  the  intravenous  injection  of  warm  Ringer's  fluid, 
rquivalent  to  the  lota!  blood-volume.  This  is  dela>'ed  by  morphin,  and  by  nephritis 
(uranium,  chromatc  or  tartrate),  but  not  by  ligation  of  the  kidney  vessels.  The  restora- 
tion is  not  affected  by  the  addition  of  0.4  per  cent,  sodium  carbonate,  either  in  normal 
or  in  nephritic  animals.  Gelatin  solutions  {2  per  cent.)  may  leave  the  blood  as  rapidly 
as  plain  saline,  although  more  commonly  from  it  to  27  per  cent,  arc  still  present  in  the 
blood  after  half  an  hour.  The  gelatin  leaves  the  blood  in  the  same  ratio  as  the  fluid 
^Boycott,  1914)  and  is  partly  excreted  in  the  urine. 

Salt-actions  on  the  Urine.^The  hydremic  plethora  results  in  an  in- 
creased elimination  of  urine.  The  excretion  of  water  and  the  injected 
Substance  is  especially  increased.  The  other  urinary  constituents  are  gen- 
erally decreased,  as  concerns  their  percentage;  although  their  absolute 
quantity  may  be  increased.  (The  saline  diuresis  would  therefore  result 
in  a  *' flushing  of  the  body.'O 

The  diuretic  action  of  saline  sotutions  is  largely  physical,  and  can  be  reproduced 
point  for  point  in  dead  kidneys  (Sollmann,  1903  to  1905)  (except  the  effect  on  the  com- 
position of  the  urine).  It  is  explained  by  the  hydremic  plethora;  the  increased  glomcr- 
Jilar  pressure,  and  the  lessenea  viscidity  of  the  blood.  This  is  aided,  in  the  case  of 
■^j-pcriso tonic  solutions,  by  the  dehydration  and  shrinkage  of  the  renal  cells.  All  these 
processes  favor  glomercular  filtration. 

The  urine  flow  and  kidney  volume  of  excised  and  re-implanted  kidne>*s  react  the 
i%ae  as  normal  kidneys  to  urea,  hypertonic  salt  solutions,  and  to  the  mcthyl-xanthins 
fQuinby,  1917). 

^^The  physical  clement  in  the  diuresis  is  especially  conspicuous  in  the  early  periods 
^Hb»  diuresis,  when  the  changes  in  the  blooa  are  relatively  large. 
^^Plbas  been  observed,  however,  that  the  urinary  changes  may  persist,  in  a  slight  de- 
^^Taftcr  the  blood  has  apparentK  returned  to  normal.     This  suggests  the  cooperation 
J'  a  vital  stimulation,  produced  by  the  (very  slightly)  altered  composition  of  the  blood. 

Jke  c^nreniration  of  the  urine  varies  with  the  concentration  of  the  solution  which  has 
jntroduced:  it  may  fall  as  low  as  ^0.12,  or  rise  as  high  as  Aj.o^C.     On  the  whole, 
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tbc  composition  of  the  urine  approaches  the  more  closely  to  that  of  the  blood,  the  fast 
the  diuresis. 

Tbc  lUgree  of  diuresis  (the  total  quantity  excreted)  depends  lar^^elyon  thequantityj 
:©f  solution  (boUi  of  the  dissolved  substance  and  of  the  water)  which  ha*  been  intr 
duccd;  but  the  raU  of  diuresis  (tbc  (quantity  excreted  within  a  short  timea/terinjecUon) 
depends  iurgely  on  the  conccntraUon  of  the  solution,  if  this  is  given  intravenomJ/ 
(water,  which  is  so  strongly  diuretic  when  taken  by  mouth,  may  diminish  the  uri 
when  injected  by  a  vein). 

Fischer  and  Sykcs,  1013,  claim  that  the  diuretic  effect  of  intravenous  saJine  injec- 
tions is  proportional  to  their  dehydrating  action  on  colloids  (fibrin).  This  would  lesHil 
the  fiffinity  of  the  tissues  for  water,  and  would  therefore  place  a  larger  quantity  of  fluid 
at  the  disposal  of  the  kidneys.  It  may  be  an  additional  factor  in  saline  diuresis,  but 
requires  further  confirmation. 

In  the  ordinary  secretion  of  urine,  osmosis  appears  to  be  an  obstacle,  rather  than  >b 
aid;  for  the  molecular  concentration  of  urine  differs  quite  widely  from  tnat  of  the  HoeA 
(A  urine,  otdttuirily,  0.9 /o  2. i;cx/rrf?w5,  0.12  to  3.0;  A  blood,  0.55  lo  o.fto);  and  the  kid- 
ney has  to  perform  a  very  considerable  labor  to  overcome  the  difference  in  osmotk 
pressure.     However,  this  work  seems  to  be  in  no  way  injurious  to  normal  kjdncjT 

Work  Performed  in  Urine- formation. — This  cannot  be  calculated  directly  f 
totJil  molecular  concentration,  since  the  departure  of  every  constituent  from 
centration  in  tlie  blood  reouires  work.  Barcroft  and  his  coworkers  have  inves 
the  problem  qualitatively  by  the  increase  of  oxj'gcn  consumption  which  accompfuues 
work.  They  found  that  the  diuresis  follo^xing  the  infection  of  isotonic  solutions  d<>it 
not  Involve  work;  but  that  the  oxygen  consumption  increases  when  hv'pcrtonic  uxind 
are  sccrcteil  in  response  to  sulphate  injection.     Caffeine  diuresis  also  involved  work. 

CuBhny*s  Theory  of  Urine  Formation. — Kxplanationsof  the  mechanism  of  urine  for- 
mation arc  still  largely  h>']X)thetical.  That  ad%'ocated  by  Cushny  is  especially  sati^ 
factory  for  saHnc  diuresis.  It  is  essentially  the  filtration  and  rcabsorption  theory  d 
Ludwig,  but  supplements  the  understood  physical  forces  by  unexplained  fornu  o( 
energy. 

Glomerular  Filiraiion. — The  theory  assumes  that  all  the  urinar>'  constituent^  4f« 
separated  from  the  plasma  by  titration  through  Uie  glomerular  capsule.  This  could 
be  accomplished  by  the  blood-prcssurc,  if  the  composition  of  the  glomerular  filtrate  i* 
that  of  protein-free  plasma,  (.c,  essentially  a  "Locke's  Fluid."  (This,  howcvirr,  Iw 
not  been  proven  directly.) 

The  rate  of  filtration  would  be  modified  by  the  renal  circulation;  by  the  wsddityfjf 
the  blood;  and  presumably  by  the  permeability  of  the  glomerular  cells.  Ilowevrr, 
the  kidney  would  not  expend  any  cncrg>'  or  work  in  the  process 

Tubular  Absorption. — The  theory  assumes  that  the  glomerular  fluid  on  pisang 
through  the  tubules,  is  changed  into  urine  by  the  absorption  of  certain  of  its  constituenV 
by  the  epithelium.  This  alters  the  total  and  the  partial  molecular  conccntnWB, 
(requiring  the  expenditure  of  energy  by  the  epithelial  cells,  and  is  therefore  aa  acthv 
.process. 

Concentration  of  Constituents. — The  substances  excreted  in  the  urine  may  be  am»g«l 
"Into  two  classes: 

Class  I. — Urea,  ammonium,  phosphate  and  sulphate  ions,  and  most  foreign  «i^ 
stances  have  ordinarily  a  much  higher  concentration  in  the  urine  than  in  the  pla^L 

Uric  add  and  potassium  are  also  more  concentrated  in  the  urine,  but  the  differciKe 
is  not  as  great. 

Substances  of  Class  I  tend  to  pass  into  the  urine  whenever  they  are  prrscal  in  uf 
quantity  in  the  plasma.     They  are  "  non-tkreshoid  substances.** 

Class  II. — Na  and  C\  occur  in  the  urine  in  concentrations  that  ordinarily  are  oot 
much  greater  than  in  the  plasma.     Dextrose  and  colloids  fail  to  pass  into  the  orint 

Substances  of  Class  II  are  excreted  only  when  their  concenlralion  in  the  phfM 
^surpasses  a  certain  level.     They  arc  "threshold  substances.'* 

Selective  Absorption. — Cushny's  theory  assumes  that  the  solutes  of  Cbiss  I  wenol 
j>Vcabsorbable  by  the  tubular  epithelium  and  those  of  Class  II  are  reabtorbable.  Tb(M 
'of  Class  I  are  therefore  concentrated  in  proportion  to  the  amount  of  fluid  thai  is  ft* 
absorbed  from  the  glomerular  filtrate  (estimated  to  vary  between  50  to  oo  pcr  cent.). 

Class  n  (the  threshold  substances)  are  not  reabMjrbcd  indii^criminately.  out  ioiil<>*>'* 
the  proportion  in  which  thev  exist  in  the  netrmal  plasma.  The  absorbed  fluid  is  thcrcf"'^ 
assumed  to  be  slightly  alkaline,  and  to  contain  sugar,  amino-acids  and  other  similar  if^"^ 
substances,  chlorid  and  Na. 

When  the  percentage  of  any  of  these  in  the  plasma  is  abnormally  high  (for  in«tiBC«i 
as  in  diabetes)^  the  glomerular  filtrate  would  contain  a  correspondingly  high  percefitaT- 
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Imx  the  reflbsorption,  however,  occurs  in  the  normal  percentage,  a  part  of  the  scJute 
will  remain  unabsorbcd  and  appear  in  the  urine. 

Variaiinns  of  Conrxntrntians  in  DiurtMs. — During  diuresis  there  is  less  time  for  tub- 
ular reabsorption.  The  com|>o5ition  of  the  urine  therefor  tends  to  approach  that  of  the 
plasma.  Tne  eltminatian  of  all  thr  constituents  is  increased  in  absoluteamount  per  unit 
of  time.  Tlic  percentage  of  non-threshold  substances  (Class  U  is  invariably  diminished; 
that  of  the  threshold  substances  is  also  of  ten  diminished,  but  may  actually  rise — according 
to  whether  ihey  were  previously  above  or  below  the  concentration  of  the  blood. 

Lymph  FonnstioiL — The  lymph  comes  from  the  tissue  spaces;  and  whatever  atten 
tissue  fluid  must  alter  the  lymph. 

Lymph  formation  would  be  increased  by  osmotic  pressure,  whether  as  the  result  of 
tissuc-acti\'ity,  or  of  hypertonic  injections. 

Filtration  probably  plays  a  part  in  the  increased  lymph-flow  of  hj'dremic  plethora, 
although  filtration  docs  not  seem  to  be  an  adequate  explanation  of  nornuil  lymph 
formation  (Carlson  and  pupils,  1008;  Boehm  and  Asher,  iqco)- 

Viscosity  of  Lymph. — Normally,  this  is  not  greatly  diminished,  even  by  large  intra- 
venous saline  injections.  After  hemorrhage,  howevrr,  saline  injections  diminish  the 
Ijinph  viscosity  very  considerably:  |the  l\Tnph' e\'idcntly  returning  to  the  plasma  the 
fluia  that  has  been  filtered  into  the  tissues  (Burton-Opitz  and  Nemscr,  191 7). 

Asher,  1913,  points  out  that  filtration  can  not  be  an  important  factor  in  the  secretion 
of  saliva,  sural  and  Me.  since  the  secretion  pressure  exceeds  the  blood  pressure.  The 
physical'chemical  condition  of  sa!ivar>'  secretion  have  been  investigated  by  Japelli, 
1906;  those  of  tears  and  co!I>Tia  by  Ccrrano,  1909. 

Edema. — Salt  action,  osmosis,  and  cottoid  imbibition  are  important 
factors  in  edema,  i.e.,  the  excessive  accumulation  and  retention  of  fluid 
in  and  between  the  cells. 
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le  edema  fluid  is  analogous  to  lymph,  and  may  therefore  be  increased  by  the  same 
axeodes  which  increase  l>-mph  flow:  hydremic  plethora;  lymphagogues  of  the  "second 
class"  (peptones,  etcj;  increased  blood  pressure;  venous  obstruction;  injur>'  to  the  vas- 
cular endothelium,  etc.  However,  for  tne  retention  of  fluid  it  is  further  necessary  that 
the  drainnge  of  the  Knifiph  be  obstructed;  or  that  there  be  an  increased  affinity  of  the 
tissues  (or  colloids)  for  fluid.  In  fact,  the  cooperation  of  several  of  these  factors  iii 
generally  necessary  for  the  production  of  noticeable  edemas.  Experimental  edemas^ 
resembling  the  clinical,  require  the  simultaneous  presence  of  nephritis,  hydremic  pleth- 
ora and  vascular  injury  (Pearce,  ipog).  Extensive  intravenous  injections  of  salt  solu- 
tions produce  ascites  and  edema  of  the  internal  organs,  but  not  of  the  normal  skin  or 
subcutaneous  tissue.  To  effect  these,  the  skin  must  be  irritated  (Cohnbeim  and  IJch- 
thcim,  1877);  or  the  vessels  injured,  as  by  arsenic  (Magnus)  or  uranium. 

Normal  Variations  of  lh(  WaUr  ContcMt  of  Tissues. — These  dep>end  mainly  on  age 
and  nutrition.  The  average  water  of  human  tissues  decreases  from  94  per  cent,  in  the 
three-month  fetus,  to  6g  to  66  per  cent,  at  birth,  and  58  per  cent,  in  adults.  It  is  higher 
in  emaciation,  varying  inversely  to  the  fat  (.Albu  and  Neuberg,  1906). 

SaUsand  Edrma. — Effusions  of  a  molecular  concentration  inferior  to  that  of  the  blood 
would  be  promptly  absorbed;  or  rather,  they  could  not  be  formed.  Since  they,  like 
Other  body  fluids,  owe  their  concentration  mainly  to  their  content  of  sodium  cntorid, 
it  is  evident  that  a  deficiency  of  this  salt  in  the  body  will  tend  to  lessen  the  production 
of  effusions,  and  hasten  their  absorption.  This  is  the  rational  basis  of  the  treatment 
of  ne^ihtic  edemas  by  withholding  salt  from  the  food  (ndvocatcd  by  Widal  and  Javal, 
1903).  The  treatment  is  not  always  entirely  successful  (Blooker.  igog),  for  the  salt  may 
Dot  be  the  cause  of  the  edemas,  but  only  a  factor  in  tlieir  production.  It  is  bcUeved, 
however,  that  an  actual  salt  retention  occurs  in  some  types  of  nephritis  (esp«*cially 
throoic  interstitial)  and  other  conditions  (Magnus  Levy,  igio),  owing  to  diminished 
permeability  of  the  kidney  to  salts.  These  would  be  most  favorably  affected  by  salt- 
withdrawal.  In  other  cases,  the  effusions  arc  removed  more  effectively  by  administer 
ing  salts,  through  their  diuretic  action.  Actual  trial  alone  can  decide  which  form  of 
treatment  is  needed  in  a  given  patient.  The  salt-poor  diets  are  discussed  under  "So- 
dium Chlorid." 

Colloids  arul  Eiiema. — Martin  Fischer  (1908  to  1915)  believes  that  the 
circulation  has  little  if  any  direct  connection  with  edema;  but  that  this  is 
due  practically  entirely  to  changes  in  the  allinily  of  the  tissue  colloids  for 
water  and  salts,  strictly  analogous  to  the  swelling  of  gelatin  or  fibrin. 
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T*his  is  modified  to  a  vamng  degree  by  electroI>tes;  not  by  non-clectrolj-tes. 
is  especially  increased  by  acids;  and  the  production  or  accumulation  of  acid.  incLudinl 
COi  in  inflammation,  venous  stasis,  etc.,  would  therefore  be  the  principal  cause  d 
odcma  (and  the  concomitant  salt  retention),  and  incidentally  of  nephritis.     Fiscli 
is  also  inclined  to  deny  that  osmosis  has  any  part  in  these  or  other  \ital  pbenomcoAj 
and  to  refer  to  imbibition  all  the  phenomena  which  are  generally  dossed  as  osmotic 

The  influence  of  acids  and  electrolytes  on  imbibition  can  not  be 
doubted.  It  is  therefore  very  probable  that  imbibition  plays  an  impor- 
tant r^Ie  along  with  other  factors;  but  serious  objections  have  been  raised 
to  some  of  Fi.scher's  experiments  and  deductions.  It  would  require  muck 
stronger  evidence  to  place  such  sweeping  statements  on  a  firm  foundation. 

Fischer's  theorj'  fails  to  explain  the  dose  resemblance  of  some  of  the  \'ital  and  ordi- 
nary osmotic  phenomena;/.!.,  the  equivalent  effects  of  isotonic  solutions;  the  semipcr 
meability  of  blood  cells  and  striped  muscle,  etc;  the  fact  that  these  phenomena  art  not 
modified  seriously  by  the  addition  of  gelatin  or  scrum  ( Beutner,  igt.jt),  etc.     The 
sorption  of  water  by  the  skin  of  the  frog  is  shown  by  Maxwell.  IQ13,  to  be 
osmotic.     lieutner,   iqi,^,  and  Moore,   igi5,  point  out  the  differences  between 
and  colloid  swelling  of  muscle.     J.  Loch,  191.1,  believes  that  the  osmotic  p 
dominate  so  greatly  during  life  that  imbibition  does  not  become  important  until 
scmipcrmeability  of  the  ceil  has  been  destroyed  by  death. 

The  incrr.asf  of  jtcc  acid,  on  which  Fischer  bases  his  theory  of  edema  and  ncphntii, 
is  only  h>'potheticul.  Henderson  and  pupils.  1014.  emphasize  that  tendency*  toirai4 
acidity  in  the  organism  is  not  usually  accompanied  by  edema;  while  the  acidity  of  llie 
urine  has  no  relation  to  albuminuria  or  nephritis.  There  is  no  direct  e\ndcncc  that  ihe 
free  addity  is  ever  increased  to  an  effective  degree  during  life  (Cioodridge  and  Gic^ 
1911).  Koppel,  roi.s.  and  L.  I.  Hender«>n,  Palmer  and  Newburgh.  igi4,  point  wt 
that  the  range  of  variation  of  H-ion-concentration,  even  in  the  urine,  docs  not  aflect 
colloid  imbibition.  Even  if  it  were  r;T&nted  that  tliis  may  occur  in  some  cases,  Lberr  i« 
no  evidence  that  it  is  a  universal  or  im])ortant  phenomena;  nor  would  the  results  of: 
such  acidity  be  uniform;  for  Pincussohn,  iqij.  found  that  adds,  while  thc>'  inottss*; 
the  imbibition  of  gelatin  and  muscle,  lessen  that  of  kldnexi^.  li\'er.  spleen  and  hiDg. 
Uirschfeldcr,  Tqi6,  finds  that  the  conjunctiva  in  mustard  edema  is  not  acid;  nor  docs  the 
exdsed  eyelid  or  conjuncti\*a  swell  in  add  Ringer's  fluid.  Incidentally,  there  are  ajjjcc- 
cies  other  than  acids  which  influence  imbibition,/./.,  proteoses  (Tracy  and  Gics.  iQUl- 
Thc  effects  of  inflammation  may  also  l>c  explainable  on  an  entirely  different  hoa- 
Oswald,  loii.  found  that  inflamed  cells  become  permeable  to  colloids  ipruteins.),  a- 
I>ecia]ly  in  acute  inflammation.  He  explains  this  by  increased  "qucUung"  of  tbcoU 
membrane. 

The  practical  application  of  Fischer^s  theories  to  glaucoma  and  nephritis,  has  givea 
results  so  discordant  tliat  tiiey  are  not  supfiorts  of  the  theory. 
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General  Statement. — A  numl^er  of  salts  arc  not  absorbed  readily  fitun 
the  alimentar>'  canal.  These  therefore  do  not  produce  any  marked  direct 
systemic  actions,  unless  they  are  injected  into  the  circulation.  When 
they  are  given  by  the  mouth,  their  direct  action  is  confined  to  the  intes- 
tine; they  cause  catharsis  with  soft  or  fluid,  painless  stools.  Throug^^ 
the  catharsis  they  may  produce,  indirectly,  a  dr>'ing  of  the  tissues  and  2 
sUght  increase  of  gaseous  metabolism.  The  cathartic  action  15  mainly 
the  result  of  the  retention  of  fluid  in  the  intestine  by  the  osmotic  action  oi 
the  unabsorbed  salt,  for  this  must  retain  sufficient  fluid  to  prcscr\*e  tlsclf 
isotonic  with  the  blood  (Wallace  and  Cushny,  1898).  It  is  posable  tb>l 
this  action  is  supported  by  a  direct  stimulant  effect  of  the  salt  ions. 

Difficultly  Absorbable  Ions. — ^The  most  important  cathartic  ions  arr: 
of  the  cathions,  Mg;  of  the  inorganic  anitms,  SO4  and  PO4;  of  the  organifi 
tartrates,  citrates,  lactates  and  malates.  Certain  sugars,  particulariy 
milk-sugar,  and  mannite,  also  act  as  cathartics  in  the  same  way. 
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Many  other  solutes  are  difficultly  absorbable  and  would  therefore  helon^  to  this 
class;  but  those  nametl  arc  the  principal  otiirs.  employed  in  practice.  The  othere  gen- 
erally have  some  interfering  factors:  "The  iteapy  mflais  and  oiitm  produce  a  precipittttion 
of  proteins,  and  in  this  way  an  irritant  or  astringent  effect.  The  earthy  metals,  Ca,  Sr, 
ba,  are  converted  into  insoluble  carbonates.  Oxalates  and  Fluorids  are  specificaUy 
toxic  to  protoplasm. 

Easily  Absorbable  Ions, — Of  the  Caihions,  ammonium  is  the  most 
readily  absorbed;  then  come  the  alkali  metals.  The  earthy  metals  are 
not  easily  absorbable.  Of  ihe  Aniof^Sy  the  chlorids,  bromids,  iodids, 
nitrates  and  acetates  are  rapidly  absorbed. 

Cau&e  of  Different  Absorbability. — Why  certain  ions  should  be  capable  of  absorp- 
tion, others  not,  is  not  satisfactorily  explained.  Although  recent  invcsti Rations 
have  shown  some  strikinR  analogies  l>ctwecn  ihc  absorption  of  ions  by  the  intestine  and 
by  muscle,  and  the  solubility  of  their  soaps  and  calcium  salts,  it  is  not  yet  clear  whether 
this  is  a  mere  coincidence  or  has  a  detpor  meaning. 

t  Osmotic  Factor  in  Cathartic  Action. — Foiseuille,  i8a8,  inx'oked  osmosis  to  explain 
k  cathartic  etfect,  not  only  of  the  salts,  but  also  of  the  vegetable  purgatives.  This 
p  mainly  hypothetical;  and  Aubert,  1^51,  showed  that  there  is  no  direct  ratio  between 
e  osmotic  and  purgati\'e  strength  of  the  different  salts  (since  the  absorbability  was 
not  taken  into  account).  Buchheim,  1854,  claimed  that  the  increased  water  in  saline 
catharsis  comes  from  the  alimentary  canal,  and  not  from  the  blood,  Colin,  1854, 
showed  that  concentrated  solutions  of  cathartic  salts  increase  in  N-olume  when  place<l 
in  an  intestinal  loop.  It  was  clear  therefore  that  the  salts  could  cither  attract  or  hold 
water  in  the  intestines.  Wallace  and  Cushny,  189S,  demonstrated  conclusively  that 
saline  solutions  placed  in  the  intestines  become  and  remain  isotonic  with  the  blood; 
and  that  therefore  the  amount  of  fluid  held  in  the  intestines  depends  strictly  on  the 
amount  of  salt  which  remains  unabsorbed. 

Interchange  of  Ions  in  Colon. — The  colon  liehaves  toward  sulphate  ions  as  a  fairly 
typical  semipermeable  membrane;  i.e.,  it  is  practically  imfiormeable  to  sulphate  (and 
also  to  magnesium)  Ions,  but  permits  free  passapc  to  water  till  isotony  is  reached.  It  is 
freely  permeable  to  chlorid  ions.  Calcium  lactate  at  first  accelerates,  then  retards  the 
absorption  of  chlorid  ions  (S.  Goldschmidt  ct  al,  1919). 

Coftditimis  of  Absorption. — None  of  the  cathartic  sails  are  altogether 
unabsorbable;  their  absorption  is  favored  and  their  cathartic  action  cor- 
respondingly lessened,  if  ihey  remain  for  a  long  time  in  the  alimentary 
canal.  This  is  apt  to  occur  if  the  tissues  arc  very  dry.  The  rate  of  ab- 
iorption  depends  also  on  the  concentration  of  the  salt:  Concentrated  solu- 
tions are  generally  absorbed  more  readily  than  dilute.  This  is  one  cause 
of  the  somewhat  different  activity  of  dilute  and  strong  solutions. 

The  effect  of  concentration  on  absorption  has  been  studied  by  Merck.  1906;  Weise, 
1911;  and  Cobct,  1913.  Weise  showed  that  the  sulphates  become  isotonic  within  half 
an  hour.  The  sulphate  ion  is  absorbetl  in  the  same  proportion  from  Nai  and  MfjSO*. 
TKe  percentage  of  Mg  absorbed  increases  with  the  dose.  The  upper  and  lower  intes- 
tioes  do  not  show  essential  differences. 

^■Matthew  Hay,  1883,  found  the  cathartic  action  of  salts  less  extensive  if  the  income 
^|pi<d  is  restricted;  and  that  the  activity  is  not  increased  by  the  injection  of  water 
Bb  the  blood. 

Source  of  the  Fluid  in  the  Stools. — The  ordinary  ingestion  of  water 
&D<1  the  quantity  of  fiuid  normally  secreted  into  the  intestines  (f>erhaps 
4  liters  daily)  would  suffice  to  maintain  the  salts  isotonic;  and  these  are 
probably  the  chief  source  of  the  water  of  the  stools.  Should  these  be 
insitflicient ,  especially  if  the  salts  arc  given  in  strong  solutions,  tluid  could 
be  withdrawn  by  osmosis  directly  from  the  mucous  membrane,  and  hence 
from  the  blood.     Ordinarily,  however,  this  plays  only  a  .small  part. 

Passage  Through  Intestines. — This  is  hastened  by  the  greater  fluidity 
of  the  stools;  but  the  cathartic  salts  do  not  increase  peristalsis  directly 
J,  1869;  Hay,  1883). 
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Sttidics  with  the  X-ray  method  (Padtbcrg,  1909)  show  that  MgSO*  delays  the  empty- 
ing of  the  stomach,  but  hastens  the  passage  tlirough  the  intestines,  so  that  the  5olutioii< 
arrives  in  the  colon  in  one  and  one-half  to  two  hours.  The  colon  antiperiataUis  is  ooil 
linhibited;  but  it  does  not  lead  to  the  concentration  of  the  contents,  because  of  the  os-: 
node  retention.  The  fecal  matteis  in  the  colon  are  therefore  rendered  more  fluid, 
and  this  hastens  their  expulsion.  The  saline  catharsis  is  not  checked  by  morphio, 
unless  this  is  timed  so  as  to  secure  gastric  retention  of  the  salts. 

Other  Theories. — In  place  of  osmosis,  a  number  of  other  factors  have 
been  suggested,  such  as  inflammatory  irritation,  stimulation  of  intestinal 
secretion,  and  muscular  stimulation  by  osmosis,  ion  action,  or  by  the 
withdrawal  of  calcium.  None  of  these  rest  on  adequate  evidence,  and 
they  probably  play  ai  most  a  minor  part, 

Secreiion  The<fry, — This  was  fathered  especially  by  M.  Hay,  1883,  who  did  eicclleot 
experimental  work  on  the  cathartics.  He  believed  that  the  salts  excite  a  secretion  of 
fluid  into  the  intestines,  which  is  partly  balanced  by  absorption.  However,  hisezperi- 
mental  results  are  explainable  more  simply  on  the  basis  of  osmosis. 

Headland,  1S67,  believed  that  the  salts  are  first  absorbed  but  reexcrcted  into  ibfl 
intestines,  and  that  they  stimulate  secretion  during  their  elimination;  but  Thiry,  t^ 
had  found  no  secretion  in  his  fistula.  The  theory  of  Carl  Schmidt,  1850,  that  the  fluid 
is  a  transudate,  is  without  foundation. 

Brodie,  Cullis  and  Halliburton,  igio,  showed  that  the  ox>'gcn  consumption  of  the 
intestines  is  not  increased  by  hypertonic  magnebium  sulphate,  so  that  its  ddutiun  must 
be  a  purely  physical  process. 

Intravenous  and  Hypodermic  Injection. ^ — It  has  been  claimed  by  sev- 
eral observers  that  the  cathartic  salts  stimulate  peristalsis  even  when  they 
are  administered  parenterally.  Tliis  has  been  taken  as  evidence  of  direct 
stimulation  of  the  intestinal  muscles.  However,  these  observations  seem 
to  have  been  based  on  experimental  errors;  and  even  if  true,  they  could 
not  explain  the  ordinary  cathartic  eflfect,  since  this  does  not  involve  m)^ 
marked  increase  of  peristalsis. 

Evptrimcntai  Data  oh  Parrntfral  AdminislnUion. — Catharsis  was  reported  fnun 
intravenous.  h>'podermic  or  intramuscular  injection  of  sodium  or  magnesium  sulphite 
by  Aubert;  Bernard,  1857^  .\gulhon;  and  more  recently  by  J.  B.  MacCallum,  1903  aix^ 
1906;  and  by  Bancroft,  1907-  Most  observers,  however,  hkve  failed  to  obtain  any  in- 
crease of  peristalsis  and  catharsis  when  proper  precautions  were  taken  to  c«la<i< 
exposure  and  asphyxia  ( Uuchhcin;  and  Wagner;  Dondcrs;  Vulpian;  Jole^et  and  Caboun; 
Rabuteau;  Bert;  Morcau;  Hay;  more  recently  Aucr,  190A  and  1908;  Mcltzer  and  .Au«- 
1906;  Frankel,  1907;  Mendel  and  Benedict,  1909).  Joseph  and  Meltzer,  loio,  fouD'l 
indeed,  with  a  careful  tcchnic,  that  intravenous  or  muscular  injection  of  magnesiuiQ 
inhibits  peristalsis. 

Hypodermic  Injection  is  also  without  result,  except  when  made  under  the  abdomittl 
skin.  The  succcs<f  in  this  case  is  entirely  reflex,  for  injections  of  NaCl  or  ZnSO^in  thUj 
region  are  also  cathartic  (Hay). 

Excised   Intestines. — Tyrode,   1910,   found  that  the  application   of  the 
salts  to  the  prriton^tU  surface  depresses  peristalsis.     He  also  claimed  tliat  they  st 
peristalsis  when  applied  to  the  mucous  surface.    I-ater  obser\crs  could  not  con] 
stimulation  (de  Heer,  1911:  SoUniann). 

Evidences  of  Irritant  Action. — While  the  main  effect  of  the  saline  cathartics  is  os- 
motic, it  is  quite  possible  that  a  muscular  stimulation  may  occur  under  special  cooditaoB^ 
F.i.,  Herz,  Cook  and  Schlesinger,  190S,  state  that  dram  doses  of  ep&om  salt  may  c»u« 
watery  evacuations  lAnthin  an  hour.  Their  Huid  is  greater  than  could  he  explatned  by 
osmosis.  Moreover ,^e  stools  of  the  following  morning,  which  contain  distinctly  nioff 
of  the  salt,  had  a  normal  solid  consistency.  This  mu^^cular  action  may  poss-bly  be  durto 
the  formation  of  the  irritant  :«ulphids;  or  to  neutralization  of  calcium. 

Relatioa  to  Calcium. — Chiari.  loio,  suggests  that  the  precipitant  effect  of  mc6i^ 
the  cathartic  ions  for  caldum  could  increase  the  excitability  of  the  intestine.  ThisB^T 
play  a  part;  but  at  present  is  only  hypothetical. 

Relation  to  Imbibition. — Fisher  noted  that  the  cathartic  anions,  belongini;  to  the 
right  hand  side  of  the  lyotropic  series,  diminish  the  imbibition  of  fibrin  in  dduU  »c»^ 
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confirmed  by  Hirschfeldcr,  1016;  but  he  finds  that  most  of  these  salLs 
Uminbh  the  H-ion  cuncenirution,  Uius  cxphiining  the  efTci:t.  Sulphates,  bowL*ver,  are 
lot  covered  by  this  explanation. 

Fate  of  the  Cathartic  Salts. — The  portion  which  is  not  absorbed  is  of 
rourse  eliminated  promptly  by  the  feces.  The  other  salts  of  the  feces  are 
dso  markedly  increased;  the  organic  matter  only  slightly  (Hay).  The 
lulphates  are  in  part  reduced  in  the  colon  to  sulphids,  which  give  their 
[iiaracteristic  odor  to  the  feces. 

AfUr  absorption^  the  cathartic  ions  are  eliminated  largely  by  the  urine, 
producing  a  diuretic  action.  The  urinary  excretion  is  inverse  to  the  pur- 
gative effect.  With  sodium  sulphate,  one-third  to  one-half  of  the  excreted 
salt  is  in  the  urine.  A  considerable  portion  of  the  sulphate  of  magnesium 
may  be  retained  in  the  tissues,  the  excretion  extending  over  several  weeks 
(Hay;  Mendel  and  Benedict,  1909). 

Dhiretic  Action. — All  the  cathartic  anions  are  readily  excreted  by  the 
urine,  and  therefore  act  as  sjiline  diuretics;  rather  more  effectively  than 
equivalent  amounts  of  sodium  chlorid.  However,  because  of  the  abstrac- 
tion of  water  by  the  fcces^  the  urine  flow  is  generally  decreased  in  the 
first  twelve  hours;  it  is  then  increased  for  about  a  day  (Hay).  The  diuretic 
effect  is  proportional  to  the  quantity  of  the  salt  absorbed,  and  therefore 
inverse  to  the  cartharsis. 

Sodium  sulphate  diuresis  increases  the  gas  consumption  of  the  kidney 
(Bainbridge  and  Evans,  1914). 

Reaction  of  Urine. — MRSO4  markeiJly  increases  the  ammonium  and  addity  of  the 
urine;  NajSO*  and  MrO  decrease  the  acidity,  with  subsequent  return  to  the  normal 
reaction  (<Sc  Ja;[;er,  iqii^. 

Concentration  of  the  B  ood. — Hay  found  that  this  is  increased  shortly  after  the 
Bdmi^i^tration  of  concentrated  but  not  of  dilute  solutions  of  cathartic  salts.  The  blood 
count  rises  from  5,000.000  to  7,000.000  by  the  abstraction  or  retention  of  fluid  in  the 
intestines.  It  returns  to  normal  w-ithin  four  hours,  even  if  no  fluid  has  been  taken,  since 
the  saline  solution  is  gradually  absorbed  from  the  intestines.  When  diuresis  sets  in,  the 
blood  count  again  rises  to  6,000,000;  and  this  even  if  the  salt  has  been  taken  diluted. 

Metabolism. — This  is  nut  measurably  increased  by  the  increased  peristalsis  of  saline 
cathartics  '  Tienedicl,  1014). 

Temperature. — Saline  cathartics  have  been  used  in  fevers,  for  their  supposed  "cool- 
ing" effect.  Hay  found  no  reduction  of  the  internal  temperature,  but  believes  that  the 
ikin  may  he  cooled  through  splanchnic  dilation.     THis  is  somewhat  doubtful. 

Therapeutic  Uses. — The  carthartic  salts  are  used  to  empty  the  intes- 
tines in  constipation,  etc.;  and  to  remove  fluid  from  the  body  in  edemas. 
Their  introduction  is  of  comparatively  recent  date  (Glauber,  about  1658). 
They  are  useful  and  effective  as  simple  cathartics,  especially  in  digestive 
disturbances,  and  against  occasional  constipation;  but  they  do  not  meet 
the  motor  deficiency  of  chronic  constipation  as  efficiently  as  the  cascara 
^up;  they  are  rather  unpleasant  to  the  patient;  they  seem  to  lose  in 
eiBciency  on  continued  use;  and  they  are  not  very  effective  in  obstinate 
constipation  or  mechanical  obstruction.  As  hydragogue  cathartic  for  the 
removal  of  edemas,  the  absence  of  irritation  renders  them  generally  supe- 
rior to  the  drastic  vegetable  cathartics;  their  diuretic  effect  is  a  further  aid. 

Adnunistration  as  Laxatives. — For  this  purpose,  the  salts  should  be 
pven  in  dilute  solutions  (teaspoon  to  tumbler;  or  as  the  natural  mineral 
■raters — Carlsbad,  Hunyadi,  etc.),  since  these  are  less  distasteful  and  act 
more  promptly  (one  to  four  hours).  The  laxative  dose  of  the  usual  salts 
5  5  to  10  Gm.  (i  to  2  drams).  (Larger  doses  are  supposed  to  accustom 
(he  intestines  to  an  abnormal  XypQ  of  i>eristalsis;  Bastedo,  IQ14.)     They 
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are  best  administered  before  breakfast,  to  hasten  their  passage  throu^ 
the  stomach.  If  this  is  delayed,  they  are  less  efficient  and  somewh^a 
irritant.  For  this  reason  they  should  be  avoided  with  bedridden  patient:^ 
for  with  these  the  passage  of  food  from  the  stomach  to  the  intestine  is 
rather  slow  one.  Some  exercise  is  useful  after  taking  salts,  and  this  i 
one  of  the  reasons  why  patients  receive  benefits  in  watering  places  whicx 
they  fail  to  secure  at  home. 

Administration  in  Dropsy. — Large  doses  (15  to  30  Gm.,  3^  to  i  ounce 
should  be  given  in  concentrated  solution  (J-^  tumbler),  also  before  break 
fast.  The  concentrated  solutions  act  more  slowly  than  the  dilute  bul 
they  remove  more  fluid  since  they  also  increase  diuresis.  These  con- 
centrated solutions  are  also  employed  to  reduce  the  secretion  of  milk. 

Catharsis  on  Excretion. — The  possibility  of  sparing  the  kidneys  by  catharsis  is  illus- 
trated by  data  of  Myers  and  Fine,  19x9,  on  the  percentile  ratio  of  the  fecal  eza«tiotts 
to  the  total  i.e.,  (urine  plus  feces)  excretion  of  the  following  constituents: 


Consiatenoe  of  stools 

Moisture 
content 
of  otools 

H^ 

N 

s 

CI 

P 

Cm 

1 
Mg      E 

i 

Well  formed  . 

76 

fi 

1 

1     ID 

'     IS 

1 

1 

to 

3 
9 

36 
33 

90 
89 

72    18 

88  1  37 

Diarrheal 

84           Tft 

1 

The  Choice  between  the  Salt  Cathartics. — This  is  very  largely  deter- 
mined by  their  taste.  The  sodium  sulphate  has,  perhaps,  the  most  dis- 
agreeable taste;  the  magnesium  sulphate  somewhat  less  so.  Sodium 
phosphate  and  Rochelle  salt  are  perhaps  the  least  disagreeable.  MgO 
and  MgCOj  act  as  alkalies  as  well  as  cathartics. 

The  best  corrective  for  the  taste  of  the  salts  is  ample  dilution  with  water, 
when  this  is  permissible.  Some  of  the  salts  are  official  in  efervtsu^ 
form;  i.e.,  mixed  with  sodium  bicarbonate  and  citric  or  tartaric  add. 

SODIUM  SULPHATE 

This  is  the  most  typical  of  the  cathartic  salts,  being  but  very  little 
absorbed,  and  almost  free  from  ion  action.  It  has  no  action  on  meta- 
bolism. On  account  of  its  disagreeable  taste,  it  is  not  much  used,  except 
in  veterinary  practice;  but  it  forms  an  important  ingredient  of  many 
mineral  waters,  e.g.,  Carlsbad. 

The  kidneys  are  even  more  permeable  to  sodium  sulphate  than  to  NaQ,  so  that  ft* 
intravenous  injection  produces  a  copious  diuresis.  The  secretion  of  gastric  juice  is  wt 
increased. 

The  stimulant  action  of  hypodermic  or  intravenous  injections  of  sodium  sulphtte 
appear  to  surpass  those  of  sodium  chlorid.  An  isotonic  solution  {2  per  cent  of  tbt 
dned  or  4  per  cent,  of  the  crystalline  salt)  is  used  in  quantities  of  500  to  1,000  cc 


PREPARATIONS — SULPHATES 

*Sodii  Sulphas  (Sod.  Sulph.),  U.S.P.,  B.P.  (Glauber's  Salt),  NasSOi  +  loHiO.-- 
Large  or  granular  colorless  crystals,  of  bitter  saline  taste.  Freely  sol.  in  water  (i^j/i 
practically  insol.  in  ale.  All  sulphates  are  incompatible  with  calcium  and  lead.  D^ 
15  Gm.,  4  drams,  U.S. P.;  2  to  8  Gm.,  3^  to  2  drams,  repeated;  sin^e,  10  to  16  Cm.,  m 
to  4  drams,  B.P.;  diluted. 

Sodii  Sulphas  Effervescens  (Sod.  Sulph.  Eff.),  B.P.— A  mixture  of  dried  sodn!« 
sulphate,  sodium  bicarbonate,  and  tartaric  and  citric  acids;  representing  50  per  cent  0* 
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the  ordinar>'  sulphate.     DosCt  4  to  8  Gm.,  i  to  2  drams,  repeated;  single,  10  to  16  Gm., 
3^  to  4  drams,  B.P. 

Pol.  Sulph.,  B.P.,  K»SO|,— Sol.  in  water  (i:  10);  inso!.  in  ale.  Dose,  1  to  3  Gm.,  15 
to  45  gr-.  B-P- 

SODIUM  PHOSPHATE 

The  phosphates  also  exhibit  merely  a  local  cathartic  salt  action.  The 
presence  of  phosphorus  in  nerve  tissue  suggested  the  use  of  phosphates  and 
phosphoric  acid  as  nerve  stimulants.  There  is  no  scientific  foundation 
for  this.  The  phosphoric  acid  of  the  urine  comes  almost  entirely  from 
the  phosphorus  of  the  nucJeins  of  the  cells,  not  from  food.  The  official 
NaoHPOi  has  a  slightly  alkaline  reaction;  but  its  administration  does  not 
influence  the  true  reaction  of  the  urine. 

WhcQ  injected  subcutaneously,  the  phosphates  arc  rapidly  excreted  by  the  mtcsUnc 
and  kidney's.     The  feces  contain  phosphates  even  in  starvation.     The  urinary  ^hns- 

f)hates  are  generally  increased  by  water  diuresis  fBaetzner,  1913).  Milk  contains  a 
arRe  proportion  of  phosphates,  and  it  is  possible  that  the  administration  of  these  salts 
might  be  useful  in  lactation,  but  this  has  not  been  demonstrated.  TTie  administration 
of  phosphates  has  no  effect  on  nitrogen  metabolism.  Intravenously,  the  phosphates 
stimulate  the  vagus  endings  similarly  lo  thyroid,  and  they  have  been  claimed  to  be  of 
benefit  in  the  same  conditions.     This  is  doubtful. 

The  intravenous  injrMion  of  ordinary  quantities  of  sodium  phosphate  acts  similarly  to 
sodium  sulphate.  Large  doses  fo.7  Gm.  per  Kg.)  of  sodium  phosphate  (absolute) 
injected  into  dogs  produces  tetany.  The  Ca  content  of  the  blooo  also  drops  by  40  per 
cent,  (by  dilution?).  The  calcium  reduction  is  not  the  essential  cause  of  the  tetany,  for 
phosphoric  acid  injection  produces  asimilar  fall  of  Ca  without  tetany  (C.  Binger,  1917; 
Grccnwald,  1918;  the  older  work  of  Starkenstem,  1914,  appears  open  to  criticism). 

PYROPHOSPHATES 

Crawford,  iqio^  found  these  markedly  toxic,  producing  gastro-intestinal  irritation^ 
hemorrhages  and  ulcerations;  changes  in  the  liver;  with  continued  administration, 
Dcphritis  and  edema.  Metaphosphates  acted  similarly  but  weaker;  while  the  ordinary 
ortbophosphate  was  non-toxic.  Crawford  believed  that  the  pyrophosphates  are  respon- 
sible for  the  toxicity  of  certain  cotton-seed  meals,  but  Withers  and  Ray,  1913,  contradict 
this  conclusion. 

PREPAKATIONS — PHUSPHAXES 

•SodiiPkospkas  {Sod.  Phosph.),  U,S.P.,  B.P.,  NajHPO,  +  laHiO.— Large  colorless 
cr>-stals  or  granular  riowder,  of  cooling  saline  taste.  Freely  sol.  in  water  (1:2.7); 
practically  insol.  in  ale.  Dose.  4  Gm.,  i  dram.  U.S. P.;  2  lo  8  Cm.,  ^3  to  2  drams, 
rtpcated;  single.  10  to  16  Gm.,  2^  to  4  dnims,  B.P. 

*Sodii  Pho^phas  Effennrrns  (Sod  Phosph.  KfT.),  U.S.P.,  B.P. — A  mixture  of  exsic- 
cated sodium  phosphate,  sodium  bicarbonate,  and  tartaric  and  citric  acids,  represent- 
ing about  f;o  per  cent,  of  the  ordinary  or  to  per  cent,  of  the  dried  phosphate.  Dose,  xo 
Cm.,  2}r,^  drams,  U.S. P.;  4  to  8  Gm.,  i  to  2  drams,  repeated;  single,  10  lo  16  Gm.,  2^ 
to  4  drams.  B.P. 

Sodii  Pknphas  Exsiccatiss  (Sod.  Phos.  Exs,),  U.S.P.;  NaiHPOi. — Sodium  phosphate, 
'mm  which  the  water  of  crj-stnllization  has  been  cxppUcd  by  heating  at  loo^C.  It  is 
*boui  two  and  one-half  limes  as  strong  as  the  ordinary  phosphate.     Dose,  2  Gm.,  30  gr., 

Uq.  Sod.  Pfiosph.  Co.,  M.F. — Sodium  phosphate  liquefied  in  its  water  of  crystnlliza- 
^n  by  sodium  nitrate  and  citric  acid.  100  c.c.  represents  100  Gm.  of  sodium  phos- 
pbate  (about  two-thirds  in  the  forma  of  add  phosphatC|  W.  F.  Horsa,  1910).  Dose,  xo 
C.C,  aj^  drams. 

*Sodii  Phosphas  Acidus  (Sod.  Phosph.  Acid.),  N.N.R.,  B.P.,  Sodium  Acid  Phos- 
phate (mono-sodium  phosphate). — Contains  at  least  82  per  cent,  of  NaHjPOi,  N.N.R.; 
7oper  cent.  B.P.     Large  colorless  crystals  or  granular  powder,  of  saline  and  somewhat 

%id  taste.     Very  sol.  in  water;  insol.  in  ale.     This  salt  is  used  to  increase  the  acidity  of 
the  urine  (Hanzlik  and  Collins,  iqi,?).     It  is  also  cathartic,  but  more  irritant  than  the 

Ordinary  phosphate.     Dose,  i  to  1.5  Gm.,  15  lo  20  gr,  in  water;  repeated  every  one  to 

four  hours  until  the  urine  becomes  add;  3  to  4  Gm.,  30  to  60  gr.,  B.P.    It  should  not  be 

tnixed  with  hexamethylenamin. 
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A  solution  may  be  prepared  extemporaneously  by  adding  Dilute  Phosphoric  Add  to 
a  solution  of  the  official  Di-sodJum  phosphate  until  it  no  longer  precipitates  a  solution  of 
CaCli;  Of  as  follows:  Sod.  Phosph.,  10  Gm.;  Ac.  Phosph.  Dil.,  35  Gm.;  Water,  q.s.  ad 
150  C.C.;  a  tablespoon  of  this  mixture  containes  about  i  Gm.  of  the  acid  pbosplttte. 


TARTRATES 

General  Statement. — These  are  difficulily  absorbable,  and  therefoK 
typical  saline  cathartics,  possessing  the  advantage  of  a  relatively  uoob* 
jectionable  taste.  The  potassium-sodium  tartrate  or  Rochellc  salt  is 
commonly  used.  Acid  potassium  tartrate  (cream  of  tartar)  acts  as  « 
mild  acid;  and  being  relatively  insoluble,  the  acid-action  extends  into  the 
intestines  and  here  stimulates  peristalsis.  It  is  therefore  more  actively 
cathartic. 

Cream  of  tartar  and  tartaric  acid  efifervesce  with  sodium  bicarbonate, 
and  are  used  in  baking  powders,  efiferx'cscent  drinks,  etc. 

The  tartrates  arc  not  readily  burned  in  the  body,  and  therefore  do  not 
act  as  alkalies  and  diuretics  as  powerfully  as  do  most  other  organic  anions. 
When  introduced  into  the  circulation,  they  have  a  rather  high  to.\icity 
by  immobilizing  calcium,  and  injuringthe  renal  epithelium;  but  this  need 
not  be  feared  from  therapeutic  doses  (Post,  1914). 

Toxic  Actions  of  Tartrates. — The  effects  on  caldum  are  similar  to  those  detcribcfi 
under  Citrates.  Small  dosc!^  produce  only  the  renal  injury;  larger  doses  also  musctiki 
and  ner\'ous  symptoms.  The  cardiac  excursions  are  decreased,  especially  in  systole, 
with  mbderate  slowing.  The  blood  pres.sure  is  unchanfied,  the  kidney  volume  siighlly 
increased.  The  efTei'ls  may  !>c  acute  or  subacute,  according  to  do?*  (SalaJit  and  SmilJi 
IQ14).  The  four  stereochcraic  isomere  behave  somewhat  differcntb'  toward  calcium 
and  therefore  have  a  different  lo.\icily  (Chio,  iqi?).  Salant  and  Smith,  191,1,  i^'»^ 
that  the  d.  and  1.  had  the  same  toxicity  for  frogs  and  rabbits;  bat  the  resiatance  of  diScr 
ent  animals  varies  greatly. 

Excised  Itiij!slhi€,  and  IsolaUd  Frog  Ilfori. — The  effects  of  the  varioua  tartrates,  wc- 
cinatcs  and  malutes,  on  the  small  and  large  intestines  are  complex.  The  isolated  hurt  ii 
depressed  (Salant  et  ai,  igi?). 

Renal  Action. — Undcrhill,  Wells  and  Goldschmidt,  1913,  and  Pearce  and  RiMW, 
igi,?,  found  that  Rochelie  salts  Droduced  marked  renal  changes  when  given  h>'podcf- 
micaily  in  doses  of  0,25  Gm.  per  Kilogram  to  phlorhizin  rabbits;  somewhuit  larger  dofl^ 
caused  the  same  changes  without  ph[orhi7.in.  Oral  administration  also  producni 
nephritis,  with  doses  of  ^  Gm.  per  kilogram.  Five  Gm.  per  kilogram  was  fatal  in  fasUog 
animals.  The  toxicity  is  not  as  great  in  well-fed  animals;  when  diarrhea  occurs;  or  wba 
alkalies  are  administered.  -Acetates,  citrates  and  carbonates  do  not  produce  these  IM»J 
changes.     Analogous  effects  are  produced  on  dogs. 

The  epithelial  changes  are  confined  mainly  to  the  convoluted  tubules,  with  »n»e 
extension  to  Henle's  loops.  The  glomeruli  and  interstitial  tissue  are  intact.  The  lesions 
result  in  retention  of  the  tartrate  so  that  only  traces  are  excreted  by  the  urine  even  on 
intravenous  injection. 

In  the  acute  nephritis  of  rabbits,  the  phthalein  excretion  is  materially  diminisbed. 
In  chronic  cases,  the  excretion  again  improves  somewliat  with  lime.  Tht  aitTDflCi 
excretion  is  scarcely  altered  (Underbill  and  Blatherwick,  1914).  Hippuric  add  syntV* 
sis  is  not  impaired  (Kingsbury  and  Bell,  1015). 

The  excretion  of  injected  urea,  and  the  excretion  of  N  and  dextrose  ia  phloriiiiiB 
animab  is  hindered,  but  the  NaCI  excretion  is  normal  (Daerand  Rlum;  L'ndermll,  igu^* 
The  restoration  of  the  blood-volume  after  injection  of  saline  solution  is  del&>*ed  (Bofert, 
Underbill  and  Mendel,  iqi6). 

The  vascular  reactions  of  the  kidne>'S  in  dogs  are  practically  unaffected  by  tk 
tartrate  nephritis.  The  diuretic  response  to  caffein  is  somewhat  diminished  (Karsoer, 
1917). 

Diet  on  Nrpkritis. — ^Wilh  rabbits,  but  not  with  cats,  the  diet  has  a  marked  indueoa 
on  the  resistance  to  tartrates.  The  toxicity  is  highest  when  rabbits  are  fed  with  nils, 
hay  or  cabbage;  considerable  protection  is  conferred  by  food  rich  in  sugar,  cAptcuHy 
by  young  carrots.  Tlie  factors  that  might  be  involved  have  not  been  diffefeiUJiU<l 
(Salant  and  Swanson,  tQi8). 
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Bahituaiion. — Continuous  administration  of  tartrates  to  rabbits  somewhat  increases 
the  tolerance;  whilst  citrates  and  oxalatef^  lead  to    cumulation    (Salant    and  Swanson, 
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Acidiim  Tartaricum  (Acid.  Tart).  U.S.P.,  B.R,  CjH,(OH))(COOH),.— A  dibasic 
organic  add  obfiincd  from  wine  lees  or  argot.  Colorless  cr>'stals  or  white  powder  of 
acid  taste.  Very  sol.  in  water  (1:0.75);  freely  sol.  in  ale.  (1:3.3).  ^osf^  0.5  Gm.,  8 
gr.,  U.S. P.;  0.3  to  1.2  Gm.,  5  to  20  gr.,  B.P. 

*PoUvisii  Bitartras  (Pot.  Bitnrt.).  U.S. P.;  /*(?/.  Tartr.  Acid.,  B.P.  (Cream  of  Tartar), 
KHC4H40*. — White,  somewhat  gritty  powder,  of  pleasent  acid  taste.  Slightly  sol.  in 
WBter  (1:155);  nearly  insol.  in  ale.  Doie,  2  Gm.,  30  gr.,  U.S.P.;  1 10  4  Gm,,  15  toOogr., 
B.  P.;  susfjendcd  in  water. 

Pa.  Tori.,  B.P.,  KiCaHaO* -k-yi  HiO.—Frecly  so!,  in  water  (1:1).  Dose,  2  to  j6 
Gm,,  .^  to  4  drains,  B.P. 

•Pot  et  Sod.,  Tart.,  U.S.P.;  Sod.  H  Pot.  Tart.,  B.P.  (Rochelle  Salt;  Soda  TartaraU), 
KNaCiH^Ofl  +  4HtO.  — White  powder  or  colorless  crystals  of  cooling  saline  taste. 
Very  soi.  in  water  (i:o.q);  practically  insol.  in  ale.  Dose,  10  Gm.,  a^i  drams,  U-S.P.; 
8  to  t6  Gm.,  2  to  4  drams,  B.P. 

*Ptihh  EJfervcscens  CampasUus  (Pulv.  Eff.  Co.),  U.S.P.:  Puh.  Soda  Tori.  Ef.,  B.P. 
(Seidlitz  Powder;  Pulv.  Soda?  Tart.  Co.). — In  the  U.S.P.  the  blue  paper  contains  Pol. 
ct  -Sod-  Tart.,  8  Gm.  and  Sod.  Bicarb.,  5  Gm.;  the  white  paper,  .'\c.  Tan.,  2%  Gm.  In 
the  B.P.,  No.  I  rblue  paper)  contains  Sod.  et  Pot.  Tart.,  75  Gm.;  Sod.  Bicarb.,  i.5  Gm.; 
No.  2  (white  paper)  contains  \z.  Tart.,  2.5  Gm.  The  contents  of  the  blue  paper  are 
first  dissolved  in  a  haii  a  tumbler  of  cold  or  warm  n'ater  and  the  contents  of  the  white 
paper  are  then  added. 

MAGNESIUM  COMPOUWDS 

General  Statement. — The  salts  of  magnesium  are  relatively  little  ab- 
sorbed, and  therefore  act  as  osmotic  cathartics.  With  magnesium  sul- 
phate,  both  ions  have  this  eflfect,  so  that  the  salt  is  particularly  effective. 
Magnesium  oxid  and  carbonate  act  also  as  alkalies.  Being  ver\'  sparingly 
soluble^  their  antacid  action  extends  into  the  intestines,  with  but  little 
interference  with  the  stomach.  They  are  converted  in  the  alimentary 
tract  into  the  soluble  and  therefore  cathartic  magnesium  bicarbonate. 
MgO  (magnesia)  is  preferred  to  the  usual  alkaline  carbonates  when  the 
stomach  mu.st  not  be  burdened  with  CO2  gas.  It  is  therefore  the  best 
antidote  against  poisoning  by  acids. 

Magnesium  is  somewhat  absorbed  by  the  alimentary  canal,  so  as  to 
produce  some  diuresis;  but  not  sufficient  to  cause  to.\ic  effects,  unless 
ver>'  large  doses  of  a  concentrated  solution  are  taken.  When  injected 
hypodcrmically  or  into  the  circulation  it  is  highly  toxic  by  depressing  the 
heart,  muscles,  and  the  central  and  peripheral  nervous  system.  It  is 
antagonized  by  calcium.  Magnesium  sulphate  has  been  used  as  a  local 
and  intraspinal  anesthetic,  and  against  tetanus;  but  the  effective  dose 
is  dangerously  close  to  the  fatal  (paralysis  of  respiration),  so  that  its  use- 
fulness is  limited. 

A  saturated  solution  of  magnesium  sulphate  is  used,  apparently  with 
good  results,  as  a  local  dressing  in  erysipelas  and  similar  inilammations. 
Its  actual  benefits,  however,  are  doubtful. 

Administration  as  Cathartic.  ^Magnesium  sulphate  is  employed  as 
laxative  in  doses  of  2  to  10  Gm.,  i  to  20.  in  dilute  solution;  and  as  hydra- 
gogue  cathartic  in  doses  of  10  to  15  Gm.,  2  to  43.  in  concentrated  solution. 
The  dilute  solution  may  be  mixed  with  NaHCOj,  but  not  with  NajCOj. 
It  may  also  be  given  as  an  effervescent  salt.  Solution  of  Magnesium 
Citrate  is  a  pleasantly  flavored  and  effervescent  draught,  dispensed  in 
bottles  containing  12  ounces.  The  dose  is  from  '4  to  i  bottle.  Mag- 
nesium carbonate  and  the  oxid  are  administered  as  powder,  V4  to  2  Gm., 
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5  to  30  gr.  **Milk  of  Magnesia"  (Magma  Magnesue)  is  a  suspension  of 
magnesium  hydroxid,  used  as  a  laxative  in  doses  of  i  to  4  teaspoons;  and 
as  an  alkaline  dentifrice. 

Cathartic  Action. — Magnesium  salts  arc  converted  into  the  acid  OLrbonate  in  the 
small  intestine,  according  to  the  formula: 

MgSO,  +  iXaHCO*  =  Mg(HCO,),  +  Na,SO« 
In  this  respect  it  is  quite  immaterial  what  pnrticular  salt  bo  given.  The  hydralf, 
carbonate,  chlorid,  or  sulphate  are  all  converted  into  bicarbonate.  However,  in  iht 
case  of  the  sulphate,  the  sodium  sulphate  whicii  is  formed  is,  of  course,  al^o  cathartic. 
to  that  the  effect  is  doubly  large.  The  hydrate  and  carbonate,  on  the  other  hand,  pos- 
sess also  the  action  of  alkalies. 

Direct  Action  on  Peristalsis. — This  is  not  seen  when  magnesium  is  gi\-ea  by  moutb, 
but  only  when  it  is  applied  by  vein  or  h>'podermically.  iLs  direct  action  then  is  lo  de- 
press the  excessive  peristalsis  induced  by  exposure  of  the  intestines,  or  by  ergot,  ph>'s<'»- 
tigmin  or  barium  clilorid  (MelLser  ajid  Aucr,  igo6). 

Meltxer,  iqm,  believed  that  magnesium  also  inhihit;*  the  intestine  with  the  ordiflan 
intestinal  administration;  and  that  this  somehow  renders  the  contractions  more  efin- 
tivc  by  leaving  freer  scope  lu  Uie  "contrary  inner\'ation." 

Normal  Occurrence  of  Magnesium. — Magnesium  occurs  in  the  body  mainly  as  phos- 
phate and  in  association  with  calcium,  in  the  bones,  and  in  larger  absolute  qua^l)t^  in 
the  other  tissues.  The  red  corpuscles  (.Abderhalden,  iSyS)  and  striped  muscle  iKjI^. 
iSoft;  Huerthlc,  i(^i)  contain  more  Mg  than  Ca.  The  daily  requirement  i«.  rtiimaioJ 
as  0.6  Gm.  The  ordinary  diet  contains  o.iq  to  1.2  Gm.  (H.  C.  Sherman,  Meitlcrici 
Sinclair,  1910). 

Cows,  during  lactation,  lose  considerable  Mg,  Ca  and  P,  e\'en  on  a  liberal  diet.  Tw 
Mg  and  Ca  loss  can  not  be  corrected  by  the  addition  of  these  elements  to  the  diet 
(Forbes  et  al,  1017). 

Absorption. — This  occurs  mainly  from  the  small  intestines.  Metallic  magocdiun 
is  also  absorl^ed  from  the  subcutaneous  tissue  (Fromherr,  1909). 

Excretion. — After  absorption,  and  with  parenteral  administration,    the  exoetioo 

occurs  practically  exclusively  by  the  kidnej's  (Meltier  and  Lucas,  1907),  or;V  i " 

part  from  the  large  intestine.     The  toxicity  is  therefore  diminished  by  indu 
(Meltzer,  1907).     A  considerable  quantity  may  be  retained  in  the  body  over  v....^    -^- 
The  urinary  excretion  of  calcium  i.s  increased  (Mendel  and  Benedict,  ipoo).     Thislo- 
sens  the  lime-deposition  in  young  animals  (Malcolm,  1905).     The  norma]  human  urine 
contains  0.2  to  o.j  Gm.  nf  Mg.  per  day  (Nelson  and  Bums.  1916). 

(M.  Jacoby  claims  that  in  the  human  subject  after  parenteral  injection  of  Um 
doses  of  magnesium  against  tetjinus,  the  greater  part  is  excreted  by  the  intestiDtf,  u- 
though  its  concentration  in  the  urine  exceeds  that  of  calcium.) 

1  nc  administration  of  hydrochloric  at  id  increases  the  urinary  excretion  of  nuLgDCSluin. 
and  still  more  that  of  calcium  (Slehic,  1917;  Givcns  and  Mendel,  1917).  The  U»l»i 
balance  of  Mg.  Ca,  or  N,  however,  is  not  materially  altered  'Givcns,  iqi8). 

Thf  norma/  food-magncsiutn  is  also  excreted  mainly  by  the  urine  ( Forbes  et  al,  1 

Effcds  on  Other  Urine  fnns. — The  injection  of  magnesium  chlorid  causes  a  irj:-.  > 
xise  of  urinary  acidity;  the  pho^hate  excretion  is  oiuy  slightly  increased  <C.  AJjj«. 

'9»7)-  ... 

Renal  Irritation. — The  intramuscular  or  intravenous  injection  of  magnrsiuoi  Wt* 
or  sulphates  into  dogs  causes  the  apfwarance  of  hyalim  casls  in  the  urine.  There  *rr 
no  other  casts,  albumen  or  other  sign  of  nephritis  {Gates  and  MelLzer,  1914^  Tbf« 
occur  also  when  toxic  doses  of  magnesium  are  injected  into  the  ligated  small  intestine 
(Gates,  1914). 

Glycosuria. — Parenteral  injections  produce  moderate  h>'perglycemia  and  glycowr-*- 
Underhill  and  Closson  ascribed  these  to  asphyxia;  K.  Hirsch,  1915,  to  narcosis  and  As- 
phyxia; but  Kleiner  and  Meltzer,  1916,  find  them  even  with  urtihcial  rrspinilion. 

On  the  other  hand,  .Virila  and  Bardy,  1915.  state  that  intravenous  inicctiow  of 
magnesium  inhibit  cpinephrin  glycosuria  and  clinical  diabetes;  presumably  by  <kpn^ 
sion  of  the  symnhathetic  system. 

Toxicity  by  Mouth. — f)nly  the  nitrate,  which  is  absorbed  much  more  readily.  i»*p< 
to  produce  tN-picnl  Mg  s>'mptoms  (Meltjser,  1907);  but  toxic  effects  may  arise  If  liiF 
doses  of  the  sulphate  are  given. 

Intestinal  injection  with  the  stomach  tied  off  produces  death  by  respiratory  pArtbr- 
sis  in  about  twenty-five  minutes  with  a  dose  of  10  c.c.  of  joi)ercent.  raa^ncstumchfeivi- 
When  administered  to  rabbits  by  mouth,  even  very  large  doses  arc  not  HXaH  (Autt  »nd 
Meltzer,  19(4). 
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isciilar  Injection. — This  produces  immediate  and  severe,  often  fatal  depres- 
fion  of  the  heart  and  central  nervous  system.  It  resembles  potasftium,  but  this  acts 
more  on  the  heart,  magnesium  on  the  respiration.  The  effects  are  seen  in  blood-pressure 
experiments,  if  the  ma^esium  sulphate  solution  of  the  manometer  inadvertently  enters 
the  artcr>'.  There  is  a  sharp  fall  of  blood  pressure,  and  the  heart  may  be  arrested 
promptly.  If  the  effect  is  not  fatal,  recover>'  occurs  quickly,  since  the  excretion  is 
quite  rapid. 

Cardiac  Effects. — These  consist  in  slowing  with  moderate  dilation;  then  incodrdina- 
tSon;  then  sudden  dilation  and  standstill,  llie  heart  may  be  kept  beating  by  electric 
Itimulation,  by  stimulation  of  tiie  accelerators,  and  by  epincpnrin  (Matthews  and 
Brooks,  iQio). 

Respiratioa. — The  cessation  is  due  mainly  to  the  curare  action,  the  center  being 
[urdinanly  not  paralyzed  except  with  considerably  larger  doses  (Matthews  and  Brooks, 

I  Temperature. — In  rabbits,  this  is  lowered  by  magnesium  injection,  parallel  to  the 
|karal>'tic  action,  but  preceding  the  latter.  It  is  an  independent  phenomenon,  for  it 
occurs  also  if  the  narcosis  is  prevented  by  calcium  (Schuetz,  1915,  1916). 

Magnesium  Anesthesia. — Melt^er  and  Auer  ( 1Q05)  found  that  a  general  anesthesia, 
irith  abolition  of  rcUexes,  may  be  produced  by  the  subcutaneous  injection  of  magnesium 
R&lts  (1,5  Gm.  of  crystalline  magnesium  sulphate  per  kilogram  of  body-weight,  used  as 
$$  per  cent,  solution).  The  injection  causes  but  little  pain,  since  the  magnesium  is  also 
%  local  anesthetic.  The  anesthesia  is  complete  in  half  an  hour  or  an  hour,  and  last 
ibout  two  hours.  The  blood  pressure  is  but  little  lowered;  there  is  some  diuresis,  but 
^  diarrhea.  The  recovery  is  perfect.  Somewhat  larger  doses  are  fatal,  paralyzing 
frc  respiration  before  the  heart.  The  efTective  dose  approaches  ihc  fata!  so  closely 
that  this  method  is  not  generally  adnsable  for  man. 

I  Naiure  of  the  Arieilhctu  Action. — There  has  been  considerable  discussion  whether  the 
effects  of  magnesium  consist  in  a  true  abolition  of  sensation  (MeltJier);  or  whether  ihey 
insist  mainly  in  a  paral>'sis  of  muscular  response  by  the  curare  action  (Guthrie),  and 
tn  asph>Tda.  There  is  no  doubt  that  the  muscular  and  possibly  the  aspbyxial  factors 
jnay  play  apart;  but  that  magnesium  produces  direct  sensor>'paralj'sis,  both  central  and 
tanpneral. 

r  EvuicHre  for  Smsory  Paralysis. — Guthrie  and  Ryan,  1910,  and  Matthews  and  Brooks 
I9T0,  brougnt  e\'idence  that  f>aral>'sis  may  occur  by  the  curare  and  iisphyxial  action  of 
p»gnesium,  when  the  sensation  is  still  preser\'ed.  Howe\^r,  Mellzer  and  Auer  claim 
piat,  with  proper  dosage,  it  is  possible  to  secure  anesthesia  when  the  asphyxial  factor  is 
mtirely  excluded  and  the  muscles  arc  still  responsive.  Indubitable  proof  of  direct  cen- 
tral anesthesia  is  furnished  by  the  results  of  careful  iniravcnvus  injection  in  human 
nthjctts.  reported  by  Peck  and  Meltzer,  1916.  This  produced  unconsciousness  and 
^mplete  surgical  anesthesia,  with  incomplete  motor  parali-sis. 

The  immediate   revival  of   the  animals  by   the  intravenous  injection  of  calcium 
lorid  (Mcltzcr,  1900)  also  speaks  for  a  direct  central  action.     Further,  they  find  fiQij) 
It  small  intracerebral  injections  produce  central  anesthesia  (also  V.  E.  Henderson, 
tgog);  and  that  the  effects  of  magnesium  and  ether  are  additive.     Gensler,  1915,  and  v. 
LUtz,  1915,  also  find  additive  effects  with  the  aliphatic  hj-pnotics. 

Mansfeld  and  Hamburger,  1915.  conclude  that  magnesium  increases  the  anesthetic 
Action  of  urethane  by  altering  its  distribution;  for  caldum  docs  not  remove  the  summa- 
pon  if  the  magnesium  has  been  administered  uV/A  the  urethane;  but  does  remove  the 
parcosis  if  the  magnesium  uas  injected  some  time  after  the  urethane. 
r  Distrihution  of  ^fagnrs^um. — Mansfeld  and  Bosanji,  1913  and  Gensler,  1915,  find 
khat  the  magnesium  and  calcium  of  the  brain  substance  are  not  changed  during  the 
barcosts  or  calcium  recovery,  and  therefore  conclude  that  the  altered  Mg-Ca  ratio  acts 
bn  the  plasma  membrane.  Stronskv,  igr-j,  also  found  that  the  Mg  content  of  the 
uasma  increased,  and  the  Ca  diminislicd.  during  the  narcosis;  while  the  organs  were 
Unchanged.  The  urinary'  excretion  of  Ix)th  Mg  and  Ca  was  increased.  J.  SchQLc. 
^915,  reports  accumulation  of  magnesium  in  the  brains  of  rabbits  subjected  to  repeated 
^lagncbium  narcosis. 

Drgiutition. — Graded  doses  paralyze  the  central  mechanism  before  the  peripheral 
[Auer  and  Meltzer.  1916). 

Local  Anesthesia. — The  effects  of  direct  application  of  magnesium  solutions  to 
tposed  nrrrf  are  described  rather  differently.  Meltzer  and  Auer,  190C1,  maintain  that 
incentrated  solutions  [laralyzc  without  pre\ious  stimulation,  having  a  selective  action 

tlie  different  functional  libers  somewhat  analogous  to  cocain.  Liljestand,  1909.  and 
>uthrie  and  Ryan,  1910,  claim  that  the  paralysis  is  preceded  by  stimulation  and  that 

Mg  action  is  not  specific,  but  ver)'  similar  that  to  of  NaCl,  while  Ca  suits  are  much 
effective.     However,  Wiki,  1911,  found  lliat  the  hypodermic  injection  of  15  to 


766 


BtANUAL    OF   PHARMACOLOGY 


35  per  cent.  MgSO*  into  quinea  pigs  produces  much  more  local  ane&thesia  tbao  eqni^i 
enl  solutions  of  oLlicr  salts.     It  seems  therefore  that  the  local  aacsthetic  action 
magnesium  is  relatively,  if  not  absolutely,  specific. 

Curaxe  Action.^Tliis  was  discovered  by  Jolyet  and  Cahours,  1S69;  and  has  been  coi 
finned  by  Guthrie,  Meltzer  and  others.     Meltzer  and  Auer,  IQ06,  also  find  that,  likfti 
curare,  it  antagonizes  llic  physostigmin  twitchings.     Further  antagonisms  to  ph\-sos- 
tigmin  were  studied   by  Joseph,   1909.     Isolated  bronchial  muscle  is  slightly  diutnl 
(Trendelenburg,  1912). 

Rigor  Mortis. — Meltzer  and  Auer,  X90S,  found  that  the  hypodermic  injectioo  of 
calcium  hastens,  and  magnesium  delays  the  development  of  rigor  in  skeletal  muscles 
and  heart.  In  calcium  rigor,  the  extensor  muscles  prevail;  in  magnesium,  either  the 
flexors,  or  the  position  at  ilie  time  of  death. 

Subdural  Injection  of  Magnesium. — The  h>'podcrmic  use  of  magnesium  \}C\n%  too 
dangerous  for  man,  Meltzer  and  Auer,  1909,  introduced  its  use  by  lumbar  subdural 
injection,  using  t  c.c.  of  the  35  per  cent,  solution.  This  produces  sensor>'  and  motor 
paralysis  of  the  legs  and  pelvic  region,  occurring  in  three  to  four  hours,  and  lasting 
eight  to  fourteen  hours.  There  is  also  retention  of  urine  for  one  or  two  days.  l/»- 
iovfard  resuUs  are  cited  in  Merck's  Report,  36: 266. 

Magnesium  in  Tetanus. — This  has  been  found  highly  useful,  at  least 
symplomatically  and  in  conjunction  with  antitoxin.  Kocher  considers 
it  the  best  remedy  in  developed  cases.  The  spasms  are  temporarily 
relieved,  but  return,  requiring  repeated  (at  least  daily)  injections.  The 
dosage  presents  serious  diificulty;  the  dose  that  paralyzes  the  respiratory 
center  being  but  little  above  dose  required  for  the  therapeutic  effect. 

Lazarus  also  reports  success  in  strychnin  poisoning. 

Administraiion  in  Tetanus. — The  doses  refer  to  crystalline  Magneeaum  salphftte 
n^ocher,  IQ15;  Meltzer,  1916); 

For  sii^kl  initial  symptoms,  hypifdcrmic  injections  may  be  used,  1.2  c.c.  of  a  2j  pa 
cent,  solution,  per  kilogram  body  weight,  .^  to  5  times  daily,  This  has  been  coaUnued 
for  6  to  18  days  without  damage.  It  causcn.  but  little  irritation.  It  is  safe,  but  wl 
sufficiently  effective  for  severe  cases.  In  these,  the  salt  may  be  used  ifUramtuaUMy, 
0.6  c.c.  of  25  per  cent,  per  kilogram;  si.\  times  daily. 

In  severe  cases,  however,  it  is  better  to  proceed  at  once  to  the  more  effective  nrfw- 
spinal  injection',  using  i  c.c.  of  25  per  cent,  per  20  lb.  of  body  weight  fo.i  c.c.  of  1$  pei 
cent,  per  lulogram),  oy  lumbar  injection.  This  gives  prompt  relief,  generally  Ia»iuig 
24  hours,  when  the  procedure  may  be  repeated.  If  the  respiration  ftbould  bccoflv 
depressed,  the  solution  should  be  washed  out  of  the  canal. 

Intravenous  injection  has  also  been  used.  It  is  not  generally  advised,  the  effects 
being  short  and  dangerous,  but  it  may  be  justified  when  the  spasms  threaten  the  rcspin- 
tion.  Straub  injects  in  2  minutes  a  total  of  100  c.c.  of  2.5  per  cent,  solution;  repated 
e\'ery  half  hour  to  hour.  Meltzer  prefers  a  6  per  cent,  solution,  injected  at  the  rate 
of  3  to  3  c.c.  per  minute,  stopping  as  soon  as  the  respiration  becomes  depressed.  If  tbe 
respiration  does  not  improve  2.5  per  cenL  calcium  cliJurid  must  be  injected  slowl>- 

The  relaxation  of  the  tetanus  is  not  a  complete  curare  action;  for  the  resjwiator}' 
movements  continue  ft-ith  proper  doses  f.Auer  and  Meltzer,  1919). 

Accidents. — When  using  effective  doses  of  magnesium,  the  physician  should  be  pre- 
pared to  combat  failure  of  respiration,  by  artificial  respiration,  together  with  ph>'»>" 
Btigmln  {M  to  I  mg.  hjpodermically)  or  calcium  chlorid  (50  c.c.  of  3  per  cenL^  intmmtf* 
cular;  or  0.02  per  cent,  in  normal  saline,  intravenous,  to  600  c.c). 

In  children  extra  cauUon  must  be  used.  The  doses  of  magnesium  should  general!? 
be  somewhat  smaller,  supplementing  them  if  necessary  by  ether  or  the  aliphitic 
h>'pnotics.  Morphin  potentiates  the  respiratory  depression,  and  should  thtrefo« 
not  be  combined  with  magnesium  fls-sclcutz,  1915). 

Littratiire. — Cohen.  IQ13;  Dodd,  1912;  Arnd,  Dreyfus,  2914;  Th.  Rochcr,  tfliS"- 
H.  E.  Robertson,  1015;  Meltzer,  1916. 

Chorea. —  K.  Schrocder,  toi6,  recommends  the  hj'podermic  injection  of  lopercmt- 
magnesium  sulphate,  irureasing  slowly  from  0.2  to  3  and  even  8  gm.  of  the  salt  per  :->■ 

Antagonism  of  Magnesium  and  Calcium. — This  was  mentioned  in  the  gencntt  disru^ 
sion.  Oxalates  enhance  the  action  of  Mg,  presumably  by  removing  tlie  anUgonaU 
effect  of  the  tissue-Calcium  (Gates  and  Metz,  1923).  On  tiie  other  hand,  unill  wmsd 
^(g  reduce  the  toxicity  ^  oxalatei  by  diminishing  the  over-stimuUtion  (Gfttcs  aad 
Meltzer,  191.5,  191 7). 
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[agnesium  Against  Erysipelas  and  Other  Inflammations. — This  was 
introduced  by  H.  Tucker,  1^07  and  1908.  He  claimed  thai  the  local 
application  subdued  the  inflammation,  the  pain,  swelling  and  temperature, 
in  cellulitis,  arthritis,  epididymitis,  etc;  and  suggested  its  use  particularly 
for  facial  en,'sipelas.  It  has  also  been  used  successfully  by  others.  Its 
action  may  be  similar  to  the  antiphlogistic  effect  of  Ca;  but  it  probably 
acts  merely  by  its  water-content,  i.e.y  like  any  evaporating  lotion. 

Applkalion. — A  thick  compress  (15  layers  of  gauze)  h  immersed  in  a 
saturated  solution  of  MgSO^,  applied  to  the  inflammed  region,  covered  with 
oiled  silk,  and  renewed  every  two  hours  (Choksy,  1911). 

Mcltstcr.  1Q18,  describes  a  beneficial  effect  of  25  per  cent,  magnesium  sulphate  on 
ejcptrimental  bums,  but  demonstnibic  only  within  a  narrow  range  of  injury.  Sollmann 
has  been  unable  to  obtain  this  effect. 

Inefficiency  in  Cancer. — Itani,  1919,  failed  to  confirm  any  effect  on  experimental 
tumors. 

Phagocytosis.^ Dclbel  and  Karajanopoulo,  igis,  claim  that  the  intravenous  injec- 
tion of  magnesium  chlorid  (dogs,  about  15  c.c.  of  1.31  per  cent,  anhydrous,  per  kilo- 
gram) ffre^tly  incrt-aftes  phagycotosis.  It  docs  not  inhibit  the  migration  of  leucoc>'tcs 
from  the  inflamed  mesentery  of  frogs  (Tkeda,  1916). 


PREPARATIONS — UAGMESIUM 

'Ifagnesii  Carhonas  (Mag.  Carb.),  U.S.P.,  B.P. — A  mixture  of  hydrated  magnesium 
carbonate  and  hydnJxid.  According  to  its  preparation,  it  occurs  a*  a  more  or  less 
bulky  powder  {Magn.  Carb.  f^evis  and  Pottdcrosum),  or  as  white,  friable  masses,  of 
slightly  earthy  taste.  Practically  insol.  in  water.  Dose^  3  Gm.,  45  gr.,  U.S. P.;  0.310 
1.2  Gm.,  5  to  Jogr.,  repeated;  single,  2  to  4  Gm.,  ?^  to  t  dram,  B.P. 

Liq.  Mag.  Buarh.,  B.P.  (Fluid  Magnesia). ^Equivalent  to  2  per  cent,  of  Mag.  Carb., 
about  10  gr.  per  ounce.     Dose,,  30  to  60  c.c.  i  to  2  ounces,  B.P. 

*Liquor  Maptrsii  Cilratis  (Uq.  Mag.  Cit.),  U.SIV — An  effervescent  solution  con- 
taining to  per  cent,  of  a  mixture  of  neutral  and  add  magnesium  citriitc;  prepared  in 
bottles  of  350  c.c,  12  ounces,  which  may  be  taken  as  a  single  dose  or  divided. 

^Magma  Magn^sitr.  (\fugmH.  Mag.)  U.S. P.;  B.P.C.  (Milk  of  Magnesia). — A  creamy, 
smooth    suspension  of  the  hydroxid,   Mg(OH)a.      Dose.   10  ex.,   2V5   drams,   U.S.P. 

Mag.  Oxid.y  U.S.P.;  Mag.  Levii,  B.P.  (Light  Magnesia;  Calcined  Magnesia);  MgO. — 
Wliite.  very  bulky,  and  very  line  jKiwdcr,  without  odor;  earthy  taste.  Almost  insol. 
ia  water;  insol.  in  ale.     Dose,  as  Mag.  Oxid.  Pond. 

*Magnesii  Oxidum  Pofuicrosum  (Mag.  Oxid.  Pond.),  U.S.P.;  Magnesia  Ponderosa 
(Mag.  Pond.),  B.P.  (Heavy  Magnesia);  MgO. — White,  dense,  very  fine  powder;  insol. 
in  %rater  or  ale.  Dose,  2  Gm.,  30  gr.,  U.S.P.;  0.3  to  1.2  Gm.,  5  to  20  gr.,  re[>eatcd; 
single,  2  to  4  Gm.,  30  to  60  gr,  B.P, 

•Magncsii  Sulphas  (Mag.  Sulph.).  U.S.P..  B.P.  (Epsom  Salts),  MgSO,  +  7HtO.— 
Small  prismatic  cry&tals,  of  cooling,  saline  and  bitter  taste.  Ver>'' sol.  in  water  (1:0.75); 
prmcticnily  insol.  in  nic.  It  contains  about  50  per  cent,  of  water  of  crystallization.  A 
Baturated  solution  contains  about  50  per  cent,  of  the  crystals,  or  25  per  cent,  of  the 
absolute  MgSOi.  Dose,  15  Gro.,  4  drams,  U.S.P.;  2  to  6  Gm.,  30  to  90gr.,  repeated; 
sin^,  8  to  16  Gm.,  2  to  4  drams,  B,P. 

^Mag.  Sulph,  £/.,  U.S.P.,  B.P.— 5  per  cent.  Dose,  4  to  12  Gm.,  i  to  3  drams, 
npcated;  single,  16  to  32  Gm.,  4  to  8  drams,  B.P. 


^^Cotc 


WATER 


leraj  Statement. — The  direct  application  of  water  to  semiperme- 
a.ble  cells  produces  osmotic  changes.  U  the  semipermeability  is  imperfect 
or  impaired,  there  results  a  leaching-out  of  salts,  and  with  thi.s,  a  disturb- 
ance of  the  ion-ratio.  Instances  of  these  deleterious  actions  are  the  water- 
laking  of  blood;  the  swelling  and  water-rigor  of  muscle,  etc.  The  surfaces 
■^hich  are  normally  exposed  to  contact  with  water  are  protected  against 
these  actions,  either  by  their  impermeability,  as  the  skin  and  bladder;  or 
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by  the  rapid  passage  of  sails  into  ihe  water,  as  in  the  alimentan'  tra< 
Even  in  these  situations,  however,  the  water  causes  more  or  less  swellii 
stirauJation  or  irritation  of  the  celJs. 

Water  is,  of  course,  an  essential  constituent  of  all  protoplasm.     It  coi 
stitutes  about  two-thirds  of  the  body-weight,  75  to  90  per  cent,  of  tl 
active  tissues,  40  per  cent,  of  bones.     Since  it  is  constantly  lost  to  ll 
body  by  the  urine,  lungs,  perspiration  and  feces,  this  would  lead  to  dr^'ii 
and  concentration  of  the  tissues;  but  before  this  reaches  a  demonstrabl 
degree,  the  sensation  of  thirst  prompts  the  replacement  of  the  wami 
Any  excess  of  water  is  promptly  eliminated  by  the  excretions,  which  ai 
correspondingly  increased  and  diluted.     However,  there  is  a  temporal 
increase  of  the  water  content  of  the  fluids  and  cells  of  the  body;  a  remov; 
of  their  salts;  and  alterations  in  the  proportions  of  their  ions.     The* 
changes  in  turn  protluce  functional  phenomena,  characterized  especiallyj 
by  increased  secretions,  and  by  changes  in  metabolism.    The  effects  vary] 
according  to  whether  the  quantity  of  water  is  normal  or  excessive; 
according  to  the  channel  by  which  it  is  introduced. 

Absorption  from  Alimentary  Canal, — Water  is  rather  slowly  absorbed  from  the 
stomach,  where  it  also  delays  the  absorption  of  other  substances.     However,  il  | 
rapidly  into  the  duodenum,  and  is  absorbed  readily  from  the  intatinf,  small  and 
and  in  thete  it  favors  the  absorption  of  dissolved  substances.     In  health,  the  absoiptntj 
occurs  mainly  in  the  upper  portions  of  the  small  intestine  (v.  Mtring,  1893;  Uorinj 

Absorption  by  the  Skin.^Watcr  is  not  appreciably  ansorbcd  through  the  normal 
skin.  Bathing  in  cold  water  contracts  the  cutaneous  vessels,  and  -wm  in  ttus  *Vf 
diminish  the  lo$s  of  water  by  perspiration;  while  hot  water  will  increase  the  loss  by  favof'j 
ing  diaphoresis^. 

Digestion-and^bsorption  of  Food.— The  ingestion  of  water  with  meal* 

has  decidedly  benelkial  effects  upon  all  the  digestive  functions,  even  when* 
the  quantity  of  water  is  qiute  large  (a  liter  with  each  meal);  provided  that 
the  food  is  thoroughly  masticated.  It  aids  the  digestive  action  of  thf 
saliva;  increases  the  flow  of  gastric  juice,  its  pepsin  and  acidity,  and  ibib 
presumably  the  flow  of  pancreatic  juice.  It  secures  better  ab*>orption  of 
the  food,  thus  leaving  less  material  for  the  intestinal  bacteria,  decrcaang 
their  number  and  the  putrefactive  processes.  The  same  beneficial  effccU 
are  secured  with  distilled  water,  which  has  no  detrimental  effects  even  io  ^ 
prolonged  fasting  ex]>criments  (Hawk,  IQ14).  ■ 

These  effects  are  utilized  in  the  treatment  of  certain   dyspeps'as- ^ 
Water  is  often  useful  in  nausea.     It  is  also  valuable  as  a  diluent  for  irri- 
tant drugs.    Excessive  water  consumption  would  probably  be  harmful 
in  gastric  atony. 

The  secretion  of  acid  f^astru  juice  is  increased  (Heidcnhain,  1879;  Pawknr;  Fo»t*r 
and  Lambert,  1908:  Sawitsch  and  Zeliony,  1913;  and  others). 

Even  50  c.c.  increases  the  acidity  and  peptic  activity  quite  strongly.  Thedepww 
action  is  not  influenced  mnterialiy  by  the  quantity,  temperature,  or  by  the  preMOCeut 
food  (Bergheim,  Rehfuss  and  Hawk,  igi4)' 

The  gastric  stimulation  does  not  occur  in  all  cases.  It  is  perhaps  due  to  the  mikl 
of  the  hormone  gastrin  into  the  intestine  (Ivy.  1018). 

The  flow  of  pancreatic  juice  and  bile  is  also  stimulated.  The  dilution  would  »ccri- 
crate  the  action  of  the  diEjcstive  enzymes.  The  diastalic  eflSriency  of  saliva  is  incna**'*' 
the  optimum  being  reached  with  1:7  dilution  fBcrfcheim  and  Hawk,  igi.i'. 

The  discharge  0/  fhr  ^astrfc  contcnis  is  hastened  (at  least  after  a  meal  oi  meal, 
not  with  iMtatoes.;  Hedlwm  and  Cannon,  1909).  The  water  docs  not  actually 
the  gastnc  contents,  but  passes  along  a  trough  formed  on  the  surface  iCo 

The  rate  of  discharge  of  water  from  the  empty  human  stomach  varies 
lietwccn  100  to  400  c.c.  per  minute.     Older  figures  were  higher,  but  mislead! 
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19x8).     The  hunger  coniradutns  arc  allayed  by  drinking  water  (Carlson,  1913).     Hawk 

and  his  pupils  fHowe,  Matlill.  and  Hattrem,  1911  and  igia;  Bfatlierwicfc  and  Hawk, 

X913)  found  the /erej  reduced  in  weight  and  containing  les!»  nitroRen  (both  food  and 

bacterial).    The  utlikation  of  fats  and  carbohydrates  is  not  affected  (Rlatherwick  and 

{{awk,  1914).    Iniciiinal  pulnjactwn  (as  judged  by  indican)  was  lessened  (Shcrwin 

n  ud  Hawk,  1914);  the  acidity  of  the  feces  was  increased.     The  effects  arc  dijiliuctt 

IBthough  they  are  naturally  not  vrr>'  i;?rcat  in  hciiithy  subjects  ("Spicgler,  1901). 

r**"   Hydremia. — The  drinking  of  a  large  cjuantity  of  water,  produces  a  slight  but  definite 

hydremia,  a^  shown  by  a  slight  decrease  in  the  dectric  conductivity  of  the  serum  (T.  M. 

Wilson,  1005). 

Haldane  and  Priestly,  IQ16,  attribute  this  to  the  passage  of  salts  into  the  intestines. 
Blix,  J916,  found  that  the  administration  of  water  tu  well-fed  rabbits  could  increase  the 
water-content  of  their  t)loo<l  by  a  maximum  of  it  per  cent.  Fasting  and  withholding 
water  diminished  it,  also  by  a  ma.ximum  of  1 1  per  cent,  on  the  second  day.  After  that, 
it  reouioed  constant,     Sublimate  nephritis  also  produced  hydremia. 

WaUr  in  TraunuuU'  Shork  attd  Heniorrfuigr. — The  oral  administration  of  plenty  of 
fluid  is  advised,  to  keep  up  the  volume  of  the  blood  TCannon,  1919). 

The  Excretion  of  Water. — This  occurs  by  the  kidneys,  lungs,  skin,  and 
intestine.  The  relative  importance  of  these  channels  varies  with  condi- 
tions. If,  for  instance,  the  \vaier  is  taken  hot  (so  as  to  favor  dilation  of 
the  cutaneous  vessels),  it  will  act  as  a  diaphoretic.  If  the  conditions  are 
not  favorable  to  diaphoresis,  it  will  be  excreted  mainly  by  the  kidneys. 
Excessive  quantities  of  water  may  also  be  excreted  by  the  iniestine^  if  the 
conditions  are  favorable,  and  may  thus  lead  to  diarrhea. 

The  Diuretic  Effect  of  Water. — When  water  is  absorbed  from  the 
alimentary  tract,  the  diuresis  is  prompt,  strong,  and  certain  so  long  as 
the  kidneys  are  normal. 

Three  to  $,  and  even  10  liters  may  be  taken  and  absorbed  in  the  day,  in  man,  without 
altering  the  consistency  of  the  feces.  If  a  large  quantity  is  ingested,  a  half  to  three- 
fourths  may  be  excreted  by  the  urine  within  forty  five  to  ninety  minutes  (Mattill  and 
liawk,  JQii).  The  excretion  may  be  forced  above  10  liters  per  day.  and  continued  for 
several  weeks,  apparently  without  deleterious  effects  to  the  kidneys  or  otherwise;  this 
does  not  even  creiite  salt  hunger  (Sollmann  and  Hoffmann,  1905).  The  diuretic  action 
of  moderate  quantities  of  water  can  be  greatly  enhanced  by  the  addition  of  other  diu- 
letics,  but  if  very  large  quantities  of  water  arc  given,  the  addition  of  diuretics  has 
no  further  effect. 

Ilaldane  and  Priestly,  1916,  found  no  definite  relation  between  the  diuretic  response 
^&  water,  and  hyrlremia,  as  judged  by  the  hemoglobin  concentration  of  the  blood. 
^^^UiypodermU  and  in!ravfnous  injection  of  water  produce  little  or  no  diuresis.  Hashi- 
^H^,  IQ14,  attributes  this  to  deficiency  of  salts,  and  not  to  the  production  of  any 
^^petic  substance  in  the  alimentary  canal,  as  was  believed  by  Cow,  1914. 

^"  Composition  of  the  Urine. — The  urine  in  water-diuresis  becomes  very 
dilute,  although  the  total  or  daily  excretion  of  the  dissolved  constituents 
b  generally  increased.  However,  there  is  no  simple  relation  iK'lween  the 
increase  of  the  different  constituents,  for  instance  N  and  CI  (Heilner, 
1906). 

Therapeutic  Use  of  the  Diuretic  Effect. — This  is  especially  useful  for 
diluting  the  urine,  to  lessen  its  irritation  in  inflammations  of  the  urinary 
passages;  and  to  prevent  the  precipitation  of  its  constituents  in  urinary 
calculism. 

i  Diuresis  for  Removal  of  Poisons. — This   has  only   a    very    limited 
tiency, 
^ery  energetic  diuresis,  by  water  or  by  intravenous  saline  or  glucose,  is  able   to 
animals  from  slightly  superfatal  doses  of  str>'chnin  (Eggleston  and  Hatcher,  1917; 
ner  and  Mclt^er,   igi?);  but  is  quite  inefficient  against  diphtheria  toxin  (Sansum, 

Dse  in  Fever. — Cushiog  (1905)  found  the  administration  of  ver>'  large  quantities 
of  cold  water  (4  ounces  every  fifteen  minutes  while  awake)  of  mark«l  twnefit   in 
49 
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typhoid  f ever.     It  serves  lo  keep  the  mouth  dean;  it  must  have  a  distinct  antip>Tetic 
effett;  and  it  may  aid  by  eliminating  toxins  and  waste  products. 

The  water  would  net  as  an  antip>TeticT  by  its  own  temperature,  and  by  fadlitatii 
perspiration  and  heat  loss.     It  also  serves  to  keep  ihcmoulh  clean.     Balcarcl  al..  igii 
found  that  "salt-fever"  can  be  prevented  by  ^ving  plenty  of  water.     The  effect 
water   in   fever  has  also  been  investigated  by  Schwcnkenbccher  and  Inagaki,  tgo^ 

Metabolism* — ^Increased  ingestion  of  water  flushes  salts  and  metVj 
bolites  from  the  tissues  and  tends  to  increase  protein  metabolism  and 
oxidative  changes. 

Increased  NitrogtK  Excreium. — ^The  administration  of  large  quantities  of  w*t«rj 
cau<vcs  a  ver>'  considerable  trmparary  irured.se  in  the  urinary  nitrogen,  as  much  as  34  per 
cent.  (Neumann,  1899).  The  excess  is  excreted  mainly  as  urea;  the  uric  acid  t>eing  often 
unchanged.  Fairhatl  and  Hawk,  191?,  found  the  uric  acid  output  in  man  decreased) 
while  the  allantoin  was  increased.  The  excretion  of  the  phospnates  and  sulphates  h\ 
also  increased.  The  removal  of  chlorids  is  so  extensive  lliat  their  percentage  in  the' 
urine  soon  falls  to  a  very  low  6gure. 

Other  Urinary  Constituents. — Wflson  and  Hawk,  1914,  report  that  the  ingestiooof 
additional  water,  moderate  or  abundant,  causes  a  temporary  decrease  in  the  daily  ool- 
put  of  chiorid;  presumably  through  the  need  of  equalizing  the  osmotic  pressure  of  the 
retained  water.  The  ammonium  is  increased  (presumably  as  a  consequence  of  the 
heightened  gastric  acidity),  the  phosphate  unchanged,  the  acidity  \-a.riable. 

Increased  Mdahdism. — The  excessive  excretion  of  metabolites  is  mainly  due,  beyond 
doubt,  to  the  "flushing  out "  of  the  tissues  by  the  diuresis  (Haas,  1908).  But  if  this  were 
the  only  cause,  the  continued  excessive  administration  of  water  would  soon  exhaust  tbe 
stored  waste  products,  and  their  excretion  would  fall  rather  below  the  normal  figuit. 
Actual  results  show  that  this  holds  for  the  chlorids,  but  not  for  N,  P  or  S;  this  exot- 
tion  remains  permanently  increased,  although  it  does  not  remain  at  the  original  lugh 
figure  (Kdsall,  1900).  'There  must  therefore  be  an  increased  production  ef  Ikat 
metabolites. 

Metabolism  in  Animals.— TYa^  conclusion  is  supported  by  the  results  on  amiaaals, 
although  these  are  somewhat  different  from  those  obtained  on  man.  Dogs  in  nitroern 
equilibrium  do  not  show  any  permanent  changes  in  their  nitrogen  excretion  when  lour 
times  the  normal  quantity  of  water  is  administered,  notwithstanding  the  increased 
diuresis.  In  starving  dogs,  however,  it  may  be  increased  by  Ho  per  cent.  The  expUu' 
tion  of  these  discordant  results  in  probably  that  the  removal  of  the  water  by  diuiesii 
keeps  step  with  the  absorption  in  the  fed  animals;  so  that  it  never  comes  to  any  consider- 
able increase  in  the  water  content  of  the  body,  and  the  metabolism  is  therefore  Dot 
increased. 

Nitrogen  Retention  in  Nephritis. — The  increased  N  elimination  folJo\nng  libcril 
water  administration  lowers  the  abnormally  high  N  figures  of  the  blood.  Howe%'er,  w 
reduce  these  to  the  normal  level,  it  is  necessary  to  employ  both  water  administration  t^d 
limitation  of  N  intake  (N.  B.  Foster  and  Davies,  igi6). 

"Alterative  Effect"  and  Use  in  Obesity. — Water,  especially  in  the  form  of  mifteral 
waters,  is  employed  for  its  metabolic  effects  in  a  variety  of  obscure  conditions,  particu- 
larly in  obc<;ity,  but  the  result*?  are  uncertain. 

It  is  difficult  to  predict  whether  the  breaking  down  of  protein  molecules  will  incrotK 
or  diminish  the  body  fat.  If  it  is  only  partial,  it  may  result  in  the  formation  <rf  fat  tno 
the  proteins;  if  carried  further,  it  may  lead  to  the  destruction  of  fat  as  well. 

jLocaJ  Actions. — Water  is  mildly  stimulant  and  irritant  to  sensitive  surfaces- 

The  growth  of  artificial  cultures  of  frog's  tissues  is  hastened  by  diluting  the  senuo  of 
the  culture  fluid  (Ruth.  1911). 

The  effects  of  baths  and  similar  hydro  therapeutic  measures  depend  upoofdfeiB 
due  to  the  physical  action  of  temperature,  etc. 

Distilled  Water.^This  is  more  injurious  than  ordinan^  water  to  the 
lower  animals  and  to  excised  tissues;  partly  because  of  the  total  abscncf 
of  salts  (csp)Ocially  of  calcium,  thus  probably  altering  the  permeability  "f 
the  plasma  membrane;  R,  H.  True,  1914);  and  partly  because  it  oltffl 
contains  traces  of  copper  and  ammonium  compounds.  This  toxic  ocM^ 
can  fwt  occur  by  the  drinking  of  distilled  water  by  hif^hrr  aninuils.  which 
obtain  their  sails  from  food  rather  than  from  water;  The  sails  of  ihei«vl 
would  in  all  ordinary  cases  be  more  than  sufficient  to  cover  the  deficiency 
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of  salts  in  the  water.  The  statements,  which  are  occasionally  made,  that 
the  drinking  of  distilled  water  leads  to  toxic  effects,  are  therefore  entirely 
groundless:  Distilled  water  is  often  drunk  exclusively  on  ships,  without 
any  bad  results.  Nor  is  distilled  water  detrimental  in  nephritis  (Marcus, 
1907). 

Effects  of  Water  by  Intravenous  Injection. — The  Immediate  effects  of  small  amounts, 
slowly  introduced  (and  especially  of  hypodermic  injections}  bear  a  general  resemblance 
to  those  following  Ibc  injection  of  isotonic  salt  solutions.  The  changes  in  metabolism 
and  urine  are  probably  similar  to  those  which  occur  on  taking  water  by  mouth.  larger 
doses  and  rapid  injection  introduce  important  modifications.  Hemoglobin  appears  in 
the  unne,  from  the  laking  of  the  blood  corpuscles.  The  respiration  is  slowed  and  the 
blood  pressure  is  lowered.  The  central  nervous  system  shows  rather  late  paralysis  and 
convulsions.  The  diuresis  is  quite  small,  since  the  hy-poisotonic  condition  of  the  blood 
sloH's  the  renal  circulation  by  the  swelling  of  the  kidney  cells.  The  excretion  of  water 
occurs  mainly  by  other  channels,  so  that  there  is  usually  a  serous  diarrhea,  increased 
salivation,  etc  The  fatal  dose  of  water  (by  Intravenous  injection)  is  somewhat  smaller 
than  that  of  normal  salii^e  solution;  distilled  vi-ater  is  again  somewhat  more  toxic  than 
well  water. 

The  Withholding  of  Water— ^This  affects  the  metabolism  tn  much  the  same  wav  as 
the  administration  of  salts  in  h>'peri  so  tonic  solution:  The  excretion  of  metabolites  is  at 
first  lowered,  by  the  lessened  diuresis;  but  as  the  destruction  of  proteins  is  at  the  same 
time  increased,  tie  excretion  of  metabolites  is  also  increased  after  a  time.  When  water 
is  given,  the  stored  metabolites  are  washed  out,  leading  to  a  very  greatly  increased 
excretion  (Landaucr^  1S05;  Straub.  1899;  Spieglcr,  1901)- 

Thirst. — This  is  a  very  delicate  reaction  to  concentration  of  the  tissues.  Cannon, 
IQIQ  conceives  the  mechanism  as  drying  of  the  mucosa  of  the  mouth  and  pharynx, 
attributable  to  diminished  output  of  saliva;  this  in  turn,  being  conditioned  on  the  limita- 
tion of  water  in  the  system.     However,  further  investigation  is  needed, 

PREPARATIONS— WATER 

*Aqua,  U.S. P. — The  purest  natural  potable  water  obtainable. 

*Agua  Deslillala  (Aq.  Dest.).  U.S.P.,  B.P.;  Distilled  water. 

•Aqua  DeslUlata  Stenllsala  (.\q.  Dest.  Stcril.)v  U.S.P.— Sterilked  Distilled  Water 
lor  injections  should,  if  possible,  be  used  within  forty-eight  hours  after  its  preparation; 
for  old  distilled  water  is  seriously  contaminated  with  bacterial  products. 


MINERAL  WATERS 

These  will  be  discussed  more  in  detail  in  other  places,  according  to  their  ingredients, 

hut  the  whole  subject  maybe  very  briefly  summarised  in  the  following  compilation: 

The  action  of  natural  mineral  waters  has  l>ecn  known  empirically  since  remote  times. 

Their  use  came  alwut  probably  by  accidental  obser%'ation  and  also  through  the  marked 

taste  which  they  possess. 

Spring  and  Artificial  Mineral  Waters. — A  very  striking  observation  was  early  made, 
namely,  that  these  mineral  waters,  when  used  at  their  source,  appear  to  be  more  eflec- 
tual  than!artil]cial  compounds  of  practically  the  same  composition,  or  even  than  the 
SMie  water  when  used  at  a  distance. 

The  most  diverse  explanations  for  this  have  been  advanced.     Especially  in  the  case 

of  thermal  waters,  so-called  tcHurial  forces,  some  mysterious  property  imparted  to  them 

fcy  the  earth,  have  been  invoked.     Since  the  discovery  of  radium,  it  tias  been  found  that 

some  mineral  waters  are  slightly  radioactive,  and  this  has  been  used  to  explain  their 

»ction.     Others,  again,  ha\e  laid  great  stress  upon  the  presence  of  minimal  traces  of  rare 

•icments,  somewhat   upon   the  homeopathic  principle.     Still  others  believe  that  the 

artificial  waters — even  if  they  contain  the  same  elements  in  the  same  proportion — do  not 

coDiain  them  in  the  same  state  of  combination;  for  instance,  that  the  artificial  water 

wouifJ  contain  NaCl  and  MgSO<,  the  natural  water  MgCIj  and  NajSO^.     This  is,  of 

course,  contrary  to  the  demonstrated  facts;  all  solutions  containing  the  same  proportions 

of  the  same  ions,  will  have  these  ions  present  in  the  same  state  of  combination,  no  matter 

what  particular  salts  were  used  to  introduce  these  ions.     There  is  nothing  in  any  of  these 

(heones-     Mineral  waters  are  simply  solutions  of  the  ingredients  of  the  soil,  and  possess 

only  the  action  of  thos^  io^rcdicats  which  arc  present  in  notable  amount. 
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The  difference  between  the  water  of  natural  sources  and  the  artificial  solutions 
upon  other  causes,  which  are  sufficiently  easy  to  appreciate,  but  diiScuU  to  rcprodu 

These  Jaciors  refer  largely  to  hygiene  and  dimaU.  A  large  proportion  of  the  effo 
must  be  attributed  to  the  rest,  the  freedom  Irom  care  and  business  pursuits,  the  cxhilarai 
ing  effect  of  improved  hygienic,  atmospheric,  and  scenic  conditions,  better  regulation 
alfthe  habits,  of  diet,  exercise,  etc.  The  mere  drinking  of  large  quantities  of  fluid 
also  something  which  it  is  diSicult  to  enforce  at  home,  but  which  the  patient  d 
regularly  in  watering-places.  Added  to  these  comes  finally  the  sf)eci£c  action  of  i 
d^solvcd  salts. 

The  effect  of  mineral  baihs  is  purely  local  and  reflex.  There  is  practically  no  absm, 
tion  of  the  dissolvwl  salts  throuen  the  skin.  The  effects  are  in  general  the  same  a&  wi 
hydrotherapy,  excepting  Umt  tney  are  somewhat  stronger. 

The  waters  of  mineral  springs  vary  in  temperature;  those  below  2$^Q,  juc 
cold;  25  to  ,575".  warm;  above  this,  hot. 

The  molecular  concentratioa  of  mineral  waters  varies  consderably;  the  depm- 
sion  of  frcczinR-point  is  r.0150  for  Ilun>'adi  and  Apenta;  o..^2o  for  Vichy;  0.275  '^ 
Carlsbad;  0.240  for  Apollinaris,  etc.  (Kostkewicz,  iAqq)- 

Classification. — These  waters  arc  usuaily  classilied  according  to  the  contained  Silts. 
Various  clussihcations  are  current.     The  following  will  be  used  here: 

I.  Plain  Saline  (NaCll. 

(  (d)  Plain. 

a.  Carbonated:     ib)  -Mkaline  (NaHCoi). 
[  {<)  Saline  (Na,SOi). 

3.  Magnesia. 

4.  Sulphur. 

5.  Chalybeate. 
Occasional  constituents  of  small  importance  are  Ca,  I.  Br,  Li,  and  As. 

The  physiologic  effects  of  the  majority  of  these  constituents  will  Ijc  discussed  nndtf 
their  respective  headings,  and  will  only  be  very  briefly  alluded  to  in  this  place.  I1  irfll 
also  be  impossible  to  take  up  the  composition  and  special  indications  01  the  different 
mineral  waters,  in  anything  like  an  eximustive  manner.  It  will  be  necessary  to  illus- 
trate these  classes  on  only  a  few  well-known  waters.  It  need  scarcely  be  mentioned  thai 
the  above  classification  is  not  an  absolutely  sharp  one,  but  that  m&oy  minuid  wilcn 
belong  partly  to  several  classes. 

The  composition  of  ;\merican  Mineral  Waters  may  be  ascertained  from  the  publici- 
Uons  of  ihtr  L'.  S.  Bureau  of  Chemistry. 

X.  PUin  Saline  Waters.— These  are  used  mainly  externally  for  baths.  The  BK«t 
typical  is  sea-water  (see  Index). 

A  rtificiaJ  ^ra-baths  may  be  made  by  dissolving  4  per  cent,  of  sea  or  rock  salt  in  wtSiB. 

Some  of  the  important  saline  sources  arc  the  following: 
European: 


Isslts. 

J 


Per  1.000: 
Fixed  solu 


Tecapcntidi  (C-l 

18.5 
iS  o' 


NaQ 

Kissingcn* 15  11 

Baden-Baden aS  ai 

Nauhcini 30  25 

Amerkan:  Saratoga  Congress.  New  York,  approaches  Kissingen. 

3.  Carbonated  Waters. — (a)  PUin. — In  these  the  COi  is  the  main  oonstituenC.    '^u* 

mids  digestion,  and  these  waters  are  used  mainly  as  plain  table  waters.     The  most  usd  i» 

the  artificial  soda-water. 

An  example  of  a  natural  carbonated  water  is  .\poUinaris: 

per  1. 000  Cm.." 


Tton. 

31* 


NaCKOi  NaCI  NmiSOi  COi 

1    2  0.4  03  1.5 

(b)  Alkaline.— These  contain  a  notable  amount  of  NaHCOi.    They  have  the  &Ikil>K 

effects  and  are  therefore  useful  in  gastric  catarrh,  hyperacidity,  hypersecretion  of  rouca*- 
and  as  diuretics,  in  obesity,  gout,  urate  stones,  and  diabetes.  They  arv  mo«l  iw'°' 
when  taken  hot  and  drunk  very  slowly,  since  in  this  way  they  cause  the  least  irriUiio* 
in  the  stomach. 

I  Farmmla  Jar  Arii^cial  Kissin^tn  (N.P.). 

Potassium  Chluhd.  .. ij 

Sodium  Chlorid jjT 

Maanetium  Sulphate 50 

Socfium  Bicart>fniale lof 

Twenty-four  sratos  of  this  to  6  ounces  of  water  (H  teaspoon  to  a  Inrabler)  is  the  ■mw  '^ 


'ATER 


[c>  Alkaline  Saline  Waters. — These  waters  usually  contain  in  addition  some 
NajSO^.  The  indications  (or  use  are  the  same  as  for  the  preceding.  The  cold  waters 
contain  more  COi  (Marienbad  and  Fronzenbad).  The  hot  alkaline  waters  are  very 
aumcrous. 

The  following  may  be  taken  as  examples: 

European  Carbonated  Alkaline  Waters,  per  1,000: 

II  NaHCOi  Free  COi    NaCl      Na*S04     Team. 

■            Vichy*.                      5.0  500        ...         0.2         40* 

I             Ems 2.0  500        x.o         ...  40^ 

I  Setters 1.2        1,200        2.3         .  . .  cold 

P  Spa,  Pyrmont,  Wiesbaden. 

merifon:  Saratoga  Sclters,  Saratoga  Xlchy,  Sweet  Springs  of  Virginia,  Gettysburg,  etc. 
(d)  Of  the  carbonated  saline  waters  the  most  representative  is  the  Carhbad.     The 
formula  for  the  artificial  salt  is: 

KjSO* o. 

INa;SO< ...  2 
NaHCO, .,...., 2. 
NaCl I. 


12 
64 

t6 
oS 


6.00  Gm. 

This  quantity  (a  teaspoonful)  is  the  proper  amount  for  a  liter  (quart!  of  water. 

3.  Mapn»ffia  Waters.— These  contain  MgSO«,  NatSO*,  CaSO*.  MgCls,  but  no  COi. 
They  arc  useful  as  cathartics. 

European,  in  1, 000  (7m..- 

»M8S0«     N'aiSOi     CaSOt       NaCI       MgCli 
Hunyadi  Jinoa 22.3       22.5        ...  1,3 

SeidhU. 13.5        1.4  ---  0.4 

Epsom  and  Friedrichshall  belong  to  the  same  class. 
AmcrUan:  Crab  Orchard.  Kentucky;  and  Bedford  Springs,  Permsylvania. 

4.  Sulphur  Waters. — These  contain  free  H3S  and  sulphiHs  Kxlemnlly  they  stimu- 
late the  skin  and  soften  the  epidermis;  internally  they  act  as  cathartics.  They  have 
considerable  reputation  in  the  treatment  of  chronic  rheumatism.  Some  examples  arc: 
Aix-la-Chapcllc.  Harrogate,  Virginia  Sulphur  Springs.  The  following  will  give  an  idea 
of  their  composition. 

In  i^oooCm,: 

^m  FrecHiS  Nn£0«         NaCl        Temp. 

^H  Aix-les- Bains 0.003       0.092       0.030        44° 

5.  Chalybeate  Waters. — These  contain  Fe,  usually  as  bicarbonate,  also  NaO  and 
NatSO*.  The  amount  of  iron  is  from  o.oi  to  0.12  of  FeO  per  liter.  The  most  famous 
springs  are:  Tunbridge  and  Brighton  in  England;  I^mont,  Wiesbaden,  and  Spa  on 
the  Continent;  Bedford,  Pittsburg,  Brandywine,  and  several  Virginia  springs^  m  the 

Ited  States. 


i^l 


CLIMATE 


Thif  is  of  such  great  importance  in  the  action  of  mineral  waters  that  it  may  be  dis- 
cuBsed  in  this  place.  Only  the  roughest  sketch  can  be  given,  and  the  student  must 
refer  to  special  text-books  for  further  description. 

I  The  principal  elements  \vhich  enter  into  the  climate  arc  the  following: 
Purity.' 
Density  (.\Ititude). 
J.  Air;     Moisture. 
Temperature. 
,  Speaal  Constituents.* 

■ 


Tormulafot  Artificiai  Vi<ky  <\.P.): 

Sodium  Dicarbonate S46.O  Gm. 

Pof aSBium  Carbonate 38-5  Gm. 

Magnesium  Sulphate .  jS   5  Gm. 

Sodium  Chlorifl .      77. o  Gro. 

Fourteen  graiiu  to  0  ounces  of  water  Oi  coMpoon  to  a  tumbler)  U  the  doae. 
*  Purity:     This  refers  especjally  to  the  absence  of  bacteria,  but  other  fixed  impuntJet  may  also 
be  of  importance;  r.^.,  the  causation  of  hay  fever  fay  pollen.      In  cities,  various  che 
»lio  l-B  Jcletcrious  impurities. 


In  cities,  various  chemic  Rases   may 


*0f  such  specul  constituents,  the  arumatic  oilsDiven  off  by  necdle-trces  may  be  of  considerable 
▼sltM  at  anttaeptics  and  f>timu1onts  in  phthisis.  The  ;nTsencr  of  oione.  if  it  is  of  any  importance. 
~         raaioly  to  indacate  tb«  ntnenU  purity  <^  thft  atmoaphere. 
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3.  Sunlight. 

3.  Water,  Purity  of. 

4.  Conditions  of  Life — comfort,   hygiene,  rest,  diversion,  pleasant  surrouni 
out-of-door  life,  etc. 

The  subject  of  climatology  is  very  largely  empirical.     The  work  which  has 
done  on  the  effect  of  the  different  climates  upon  metabolism,  nutritioo,  etc.  is  as 
too  limited  to  be  of  great  value. 

The  principal  climatts  used  in  therapeutics  arc: 

1.  Sea. 

2.  Dr>'  and  Warm. 

3.  Elevated, 

I.  Sea  Climate  (Including  Islands  and  Sea  Voyage). — The  important  effects  of 
are  related  to  constant  temperature,  humidity,  and  purity  of  the  atmosphere,  and 
general  surrounding  conditions. 

This  climate,  being  ver>'  restful,  is  especially  useful  in  cases  of  overwork. 
freedom  from  atmospheric  impurities  also  renders  it  valuable  in  hay  fever  and  ph 

3.  Dry  and  warm  climate,  such  as  in  deserts  and  Egj'pt,  southwestern  Texas,  inla 
Southern  CalUuriiia,  or  in  tlie  pine  sections  of  Georgia  and  the  Carolinas. 

The  special  advantage  of  thi??  climate  con5tisLs  in  its  permitting  outdoor  life  in  winti 
It  is  peculiarly  valuable  in  lung  disorders  which  do  not  stand  a  northern  tempenturc 

3.  Elevated  Climates. — These  are  generally  aseptic,  and  the  air  is  cool  and  dry. 
What  importance  can  be  given  to  the  rarefaction  of  the  atmosphere  is  not  at 
clear,  still  less  the  manner  in  which  this  acts. 

The  rate  of  the  heart  and  respiration  is  at  first  increased,  but  later  it  returns  M 
normal. 

TIte  quantity  of  urine  is  increased,  as  also  the  gaseous  metabolism  and  respiratory 
quotient.  The  nitrogen  excretion  is  diminished  (Jacquet  and  Stahelin,  1901).  Tha 
blood  becomes  rapidly  more  concentrated  in  corpuscles,  and  the  serum  in  prolciw. 
The  ttbst^lutc  amount  of  corpuscles  and  of  hemoglobin  is  not,  howex-cr,  much  iDcmstd 
at  first,  but  notably  so  later  (Jacquet.  IQ04). 

These  climates  cause  improvement  in  a  number  of  conditions,  probably  in  part  due 
to  a  greater  exercise  of  the  organs  from  climbing,  etc  They  are  useful  in  dyspepso. 
anemia,  chlorosis,  insomnia,  asthma,  and  consumption. 

High  climates  are  unfavorable  to  feeble  conditions  of  the  heart  and  vesaeb^ 
cases  SQould  be  sent  to  tfic  seashore. 
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DIURETICS 

Diuresis  (increase  of  the  quantity  of  urine)  is  produced  by  many  substances  acdnj 
by  various  mechanisms,  and  belonging  to  different  groups.  The  whole  subject  (MV, 
however,  be  summarised  jn  this  place  as  a  considerable  proportion  of  the  diuretksictf 
at  least  in  part,  by  salt  action. 

The  details  of  the  actions  of  diuretics  will  not  be  discussed  in  this  summary.  Tbe>' 
may  be  found  by  referring  to  the  individual  drugs. 

Diuretics  may  be  divided  into  the  following  classes: 

1.  Acting  through  changes  in  the  general  circulation. 

2.  Acting  purely  by  local,  irritant  stimulation  of  the  kidney  cells. 

3.  Acting  by  non-irritant  stimulation  of  the  kidney  cells. 
4. .Acting  mainly  by  salt  action. 

I.  IMuretics  Which  Act  by  Influencing  the  General  Circtilation. — The  sccrrliflow 
urine  is  roughly  profKirtional  lo  the  glnmerular  blood  pressure.  This  may  be  raised  by 
increasing  the  work  of  the  heart,  as  by  Digitalis  f  which  acts  also  by  increasing  the  pu^** 
wave,  lessening  venous  congestion,  and  rendering  the  blood  hydremic).  Vosoconstnc* 
tore  generally  act  vcr^'  powerfully  on  the  renal  arterioles,  so  that  they  tend  lo  loi 
glomerular  pressure,  notwithstanding  the  rise  of  general  blw>d  pressure.  \' 
also  tend  to  lower  the  pinmrrcular  pressure.  They  arc  useful,  howe^'e^,  when 
constriction  is  to  be  counteractetl. 

3.  Irritant  Diuretics. — Moderate  irritation  raises  the  glomerular  pre-'^uri*  Tn-  dll 
the  renal  arterioles.     It  is  conceivable  that  it  also  stimulates  the  vital  ^ 
of  the  cell.     Excessive  irritation,  on  the  other  hand,  produces  venous  ■ 
hinders  the  fdlnitiun  of  urine  by  compressing  the  tubules.     The  cells  arc  iU<t  iajni 
as  shown  by  the  appearance  of  albuminuria;  and  their  permeability  is  thereby  IcsseD**^ 
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Irritant  diuretics  arc  very  numerous  and  only  a  (ew  of  the  more  important  can  be 
mentioned: 

(a)  Essential  Oils. — Especially  turpentine,  juniper,  cubcba,  etc. 

(6)  Hydrocarbons. — ,\Jcohol,  ethyl  carbamate,  hexamcthylcnamin,  etc.  These 
produce  only  a  mild  irritation. 

(The  diuretic  action  of  beer  is  due  mainly  to  the  rapid  ingestion  of  its  water;  at  least, 
Raphael  {1S04J  failed  to  discover  any  difference  in  the  daily  excretion,  whether  a  liter 
of  water  or  of  beer  was  taken.) 

ic)  AbiorbabU  Meiais. — Especially  Calomel. 

id)  Gliuosids. — These  arc  closely  related  to  the  aromatic  series.     Here  belong: 

Broom  Tops  (Scoparius).  These  owe  their  diuretic  action  to  Scoparin.  The  alka- 
loid Spartein  (sec  Index)  does  not  contribute  to  it. 

Asparagus  tops  seem  to  act  similarly.  They  are  given  in  5  c.c.  doses  of  the  fluid- 
extract. 

Corn  Silk,  Triticum,  Guaiac,  etc.,  may  be  counted  in  this  group. 

Cantkaridin^  Aloin,  etc.,  arc  too  powerful  for  therapeutic  use. 

(f)   Acids,  Alkalies,  and  Some  Sails  (notably  NUratrs)  are  also  mildly  irritant. 

3.  Stimulant  Diuretics. — This  is  the  place  generally  assigned  to  caffeln  and  thco- 
bromin;  part  of  their  effect,  however,  is  due  to  peripheral  dilation  of  the  renal  arterioles. 
No  irritant  action  has  been  described  for  cailein  and  thcobromin  even  for  Urge  doses; 
but  it  has  been  noted  \rith  theocin. 

4L  Saline  Diurectics.— Water,  salts,  sugars,  urea,  etc.,  act  by  lessening  the  viscidity 
of  the  bIcKxl,  thereby  increasing  its  filtnibility  and  raising  the  glomerular  pressure;  by 
shrinking  the  renal  cells;  and  by  pre\'entinK  the  rcabsorntion  of  water  from  the  tubules. 
Excised  renal  artery  is  markevlly  dilated  by  urea  or  soaium  sulphate,  while  these  have 
no  effect  on  carotid  artery  (Cow,  191 1).  In  addition,  it  is  rather  probable  that  they 
cause  the  stimulation  of  the  vital  activity  of  the  kidney  cells.  This  is  most  pronounced 
in  the  case  of  milk  sugar;  urea;  iodids;  nitrates;  alkalies;  and  acids. 

Water  may  be  rendered  more  palatable  by  carbonic  acid,  or  by  giving  it  as  lemonade, 
or  as  teas.     These  additions  enhance  its  diuretic  effect. 

Normal  Salint  solution  may  be  injected  hypodermically  or  by  rectum. 

Afilk  is  a  very  efficient  diuretic,  acting  partly  by  its  water,  partly  by  its  sugar. 
Milk-sugar  and  Urea  are  given  in  doses  of  10  to  30  Gm. 

Diluted  Inorganic  Acids  (in  the  form  of  lemonade)  are  rather  too  irritant  to  the 
Btomach  and  kidneys,  and  are  to  be  used  only  if  an  acid  action  is  distinctly  indicated. 

Alkalies  are  quite  effective:  they  also  render  the  urine  alkaline.  Free  alkalies  and 
carbooates  are  not  used,  since  they  interfere  with  digestion.  The  effect  is  obtained  from 
organic  acids  and  their  satis  (especially  the  acetate  or  citrate  of  potassium),  which  are 
oxidized  to  carbonates  in  the  body. 

lodids  and  yUraies  arc  given  as  the  potassium  salts.  The  iodid  acts  too  powerfully 
on  other  functions  to  be  used  as  a  pure  diuretic.     The  reputation  of  lithium  is  unmerited. 

The  comparative  diuretic  effect  of  these  drugs  on  normal  man  was  investigated  by 
Raphael  (1894),  who  placed  himself  on  a  uniform  diet  for  prolonged  periods.  He  con- 
sumed daily  i.iSo  c.c.  of  fluid;  the  quantity  of  urine  on  tnis  diet  amounted  to  750  to 
960  Lc.     Under  the  influence  of  drugs,  it  was  increased  by  the  following  percentage: 


1,000  c.c.  water — 100  per  cent. 
1,000  c.c.  carbonated  water — 73  per  cent. 
1,000  c.c.  beer — 100  per  cent. 
1,000  c.c.  claret — Ho  per  cent. 
1,000  c.c.  milk — 153  per  cent. 
30  Gm.  milk-sugar — 34  per  cent. 
0.4  Gm.  turpentine — i:  per  cent. 
0.2  Gm.  01.  Junip,  -|-  1,000  c.c.  water — ixi 
per  cent. 


0.5  Gm.  Caffein-Sod.-SalicyU— 4J 

per  cent. 
0.5  Gm.  Dturetin —  a  per  cent. 
1.5  Gm.  Diurctin — 14  per  cent. 
3.0  Gm.  Diuietio — 53  per  cent. 


Id  disease,  the  results  would  probably  not  be  quite  the  same.  The  choice  of  the 
(fiwetic  must  be  determined  by  tnc  conditiim  of  the  kidncj-s,  and  by  the  object  to  be 
^oxmplished.  (In  dogs  with  vesical  fistula,  Ginsberg,  1923.  found  milk  less  effective 
ih&ij  water  ) 

Combination  of  Diuretics. — A  combination  of  several  diuretics  is  often  most  effec- 
^j^c;  they  are  generally  administered  with  plenty  of  water.  Schlosser,  1913;  found  that 
^combination  of  caffein  and  intravenous  sodium  sulphate  gave  a  potentiated  syner- 
P4ic  effect;  while  the  combination  of  caffein  with  uicobromin  or  theopbyllin  gave 
^^  &  simple  addition  of  their  action. 
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The  indications  for  diuretics  are  as  follows: 

1.  The  removiii  of  liquid  from  the  body,  in  the  various  forms  of  drops/J 
In  this  case  it  is  well  to  employ  Ihcm  with  as  little  fluid  as  possible. 

If  the  dropsy  is  of  cardiac  origin  drugs  of  the  digitalis  scries,  combtn( 
if  necessary  with  nitroglycerin,  are  the  most  efficient  diuretics,  and  sail 
may  also  be  added.  If  it  is  of  metabolic  origin^  benefits  may  follow  salt 
or  arsenic.  If,  however,  it  is  of  retMl  origin,  diuretics  should  be  avoidc 
altogether,  and  recourse  should  be  had  to  diaphoresis. 

2.  To  remove  toxic  stibstances  from  the  organism,  whether  these  ha> 
been  introduced  from  without  or  formed  within  the  body,  a  free  suppi] 
of  water,  in  the  form  of  infusions,  supported  by  the  irritants,  sails,  orj 
theobromin,  fulfils  the  indication;  or  the  hypodermic  injection  of  large' 
amounts  of  normal  salt  solution.     Irritants  must  be  avoided  if  the  kidney 
arc  inflamed,  or  if  the  poison  is  itself  irritant 

The  efficiency  of  diuretics  for  the  rcmovnl  of  poisons  has  been  greatly  overesi 
They  are  pructically  useless  when  the  toxic  substances  are  bound  in  the  body,  rack 
as  the  toxins,  etc. 

Kvcn  with  extreme  diuresis,  animals  support  at  most  20  per  cent,  above  the  ordinal 
fatal  dose  of  strychnin  (Hatcher  and  Smiln.  1916). 

Diuretics  are  most  effective  against  saline,  poisons,  such  as  mapncMum  (Melti«T» 
1907).  Irritant  diuretics  hasten  the  elimination  of  Phcnolsulphoncphihalcin;  tboar 
which  act  mechanically  do  not  (Rowntrcc  and  Gcraghty,  igrs).  Christian,  iQijf 
tried  a  series  of  diuretics  in  rxprrimttUal  nephritis,  \vith  practically  negative  rettiits* 
Clinically,  diuretics  arc  generally  inefficient  in  chronic  nephritis,  in  the  absence  cJ 
edemas;  and  are  therefore  of  little  value  against  the  to:cemta  (Christian   et  al.,  1915)' 

3.  To  DUittc  the  Urine. — This  may  be  useful  (a)  to  render  it  less  irritint 
to  the  urinary  passages  in  nephritis  or  inflammation  of  the  bladder  or 
urethra;  it  also  serves  a  useful  purpose  in  frequently  washing  out  the  pus 
and  bacteria. 

(fr)  To  prevent  the  formation  of  calculi,  or  to  remove  concretions 
formed  in  the  urinary  tubules  (as  in  oxalate-poisoning). 

(r)  To  dilute  irritant  poisons,  whose  action  on  the  kidneys  is  propor- 
tional to  their  concentration. 

For  the  dilution  of  the  urine,  water  supported  if  necessary  by  thco- 
bromin  is  of  the  greatest  ser\ice. 

Nef>hntjs  contraindicates  irritant  diuretics,  and  such  as  will  become 
poisonous  if  they  are  not  excreted  (potassium,  digitalis,  merciuy). 


SODIUM  CHLORTD 

General  Statement — This  constitutes  the  greater  part  of  the  electro- 
lytes of  the  tissues  (with  certain  exceptions),  and  especially  of  the  fluid*-, 
of  vertebrates.  Its  ions  are  essential  for  the  functionation  of  most  cells 
Since  the  ions  are  constantly  excreted,  especially  by  the  urine,  ihcy  musi 
be  constantly  replenished,  leading  to  the  instinctive  use  of  salt  in  food 
Its  administration  to  mammals,  even  by  intravenous  injection,  pp>duct^ 
practically  only  osmotic  effects;  but  marked  ion-actions  may  be  obscntd 
by  exposing  excised  tissues  to  solutions  with  or  without  the  sodium  ^ 
chlorid  ions. 

The  therapeutic  uses  of  salt  depend  mainly  on  its  osmotic  effects- 
These  result  in  stimulation  of  the  gastric  mucous  membninc,  leadine  i<> 
its  use  as  condiment  and  in  some  indigestions;  under  suitable  c   :   ' 
a  laxative  action;  irritation  of  the  skin,  with  attending  reficx  si: 
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utilized  as  salt-water  baths.  After  absorption,  it  leads  to  diuresis  and 
slight  metabolic  changes.  Isotonic  solution  is  used  as  vehicle  or  for 
cleansing  sensitive  mucous  membranes, /.f.,  the  nose;  and  for  hypodermic 
and  intravenous  injections.  These  saline  infusions  are  employed  in  hem- 
orrhage, collapse,  and  for  the  dilution  or  removal  of  systemic  poisons. 

The  intravenous  injection  of  strongly  hypertonic  solutions  is  fatal. 
with  stimulation  and  paralysis  of  the  central  ner\'ous  system. 

Retention  of  chlorid  occurs  in  certain  pathologic  conditions,  especially 
pneumonia  and  other  fevers^  nephritis,  cancer,  etc.  Its  mechanism  is  not 
explained.  It  may  favor  the  formation  of  edemas,  against  which  salt-poor 
diet  is  sometimes  efficient. 

NaCl  Income. — With  ordinary  diets,  this  ranges  between  loand  15  Gm.  per  day;  but 
its  reduction  to  5  Gm,  or  even  t  to  2  Om.,  cau&cs  no  disturbance.  Carnivorous  animals 
obtain  a  sufficient  supply  in  their  food.  But  since  K  predominates  over  Na  in  the 
Ash  of  plants,  herbivora  and  animals  feeding  on  a  mixed  diet  require  additional  NaCI. 
This  need  has  led  to  the  instinciive  use  oflhis  sail:  in  regions  remote  from  deposits  of  this 
salt,  ashes  of  plants  which  arc  rich  in  Na  have  been  used  by  peoples  as  ignorant  as  the 
negmes  of  the  interior  of  Africa.  A  table  of  the  salt  content  of  food  is  given  by  Leva* 
Arch.  i.  Verd.  Krankh,  16:267, 

Distribution  of  NaCI  in  the  Body. — The  most  exact  and  comprehensive  determina- 
tions arc  those  of  Wahlgrcn,  ii,>oQ,  and  Padtbcrg,  igro,  on  dogs.  Similar  relations 
probably  hold  for  man  and  other  animals:  The  entire  body  contains  about  0.17  per 
cent.,  expressed  as  CI  (o.i  i  per  rent..  Rosemann.  iqio).  Of  this,  about  a  third  is  in  the 
slun;  the  remainder  chiefly  in  the  blood,  muscles,  bones  and  intestines.  The  highest  per- 
centage of  CI  exists  in  the  skin  (0.3R  per  cent.);  then  the  blood  (0.3 r  per  cent.);  kidneys 
(0.26  per  cent);  and  lungs  (0.34  per  cent.}.  The  brain,  bones  and  intestines  contain 
0.17  to  0.18  per  cent.;  the  liver,  0.13  percent.;  the  muscles  only  0.07  per  cent.  Accord- 
ing to  other  determinations,  blood  serum  contains  0.36  to  0.42  per  cent,  (equivalent  to 
o.g  to  I  per  cent.  NaCI);  saliva,  0.16  to  0.34  per  cent.  CI;  the  human  intestinal  juice 
0.^8  to  0.67  per  cent.  XaCI;  sweat,  0.285  per  cent.  (Kovesi);  human  gastric  "appetite" 
juice  0.49  to  0.56  per  cent.  CI  (Carlson,  1915).  The  red  blood  corpuscles  contain  0.12  to 
crS  per  cent,  of  CI,  and  0.21  to  0.28  per  cent,  of  NajO;  except  in  some  animals  (horse, 
pig  and  rabbit),  whose  corpuscles  contain  practically  no  Na  (sec  Potassium).  The  chlo- 
rid content  of  the  entire  human  body  is  estimated  at  60  to  133  Gm.,  equivalent  to  150  to 
300  Gm.  of  NaCI  (Magnus-Levy,  iqo6). 

ArtiflciaJ  Variations  of  Chlorid  Content — Padtberg  studied  the  changes  following  the 
intravenous  injection  of  NaCI.  Here,  also,  the  skin  maintains  the  highest  percentage; 
but  because  of  their  greater  mass,  the  muscles  and  intestines  take  up  the  greater  abso- 
lute amount.  With  Cl-poor  food,  the  total  CI  content  sinks  to  0.137  P*^*"  cent.,  the  low 
being  greatest  from  the  skin.  The  skin  therefore  acts  as  a  chlorid  depot,  storing  and 
giving  off  most  of  the  excessive  or  deficient  CI.  Rosemann,  igii.  found  the  entire  CI 
content  increased  by  100  per  cent,  when  dogs  were  given  highly  salted  food.  With  the 
return  to  normal  diet,  the  CI  content  returned  to  one  and  one-half  times  the  ordinary 
level  writhin  five  days;  the  further  fall  to  normal  occurred  much  more  slowly. 

Austin  and  Jonas,  1Q18.  confirm  that  the  chlorid  conir^nt  ofiht  blood  is  not  materially 
and  persistently  altered  even  by  prolonged  diets  of  either  high  or  low  chlorid  content. 

Chlond  Content  in  Disease. — Ricrnacki.  1894,  found  the  CI  of  the  hlood  constant  in 
numerous  diseases.  Javal  and  .\dler,  1906,  determined  the  percentage  of  CI  and  water 
in  the  organs  after  death  from  various  diseases,  with  a  special  reference  to  edema;  but 
the  results  were  not  decisive. 

Leva,  1Q15,  states  that  human  organs  in  renal,  cardiac  and  vascular  disease  may 
contain  mice,  Uic  skin  e\'en  three  times,  the  normal  amount  of  CU  witliout  material 
inorase  of  their  fluid.     Similar  results  were  obtained  on  uranium  rabbits. 

F.  C.  McLean,  iQiSi  found  the  chlorid  of  the  plasma  increased,  clinically,  in  cardiac 
and  renal  disturbances,  and  in  pneumonia;  diminished  in  diabetes  and  with  diuretics. 
Tlie  chlorid  and  urea  content  ot  the  plasma  do  not  go  parallel.  In  uremia,  the  diminu- 
tion of  blood-chlorid  is  concomitant  mth  increased  hydrogen  ion  concentration  (McLean, 
1Q16). 

Bficrochemic  Distribution. — A.  B.  Macallum,  1905  and  iqoR.  found  the  chlorid  most 
abundant  in  the  inactive  tissues,  especially  in  the  intercellular  spaces  and  in  degenerat- 
ing cells.  It  is  absent  from  the  nuclei  (as  also  PO4  and  K,  and  probably  all  other  inor- 
ions);  but  it  occurs  abundantly  in  the  cytoplasm.     Nerve  fibers  are  rich  in  CI, 
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especially  the  axons;  but  the  royeline  sheaths  arc  free  from  it^  and  nerve  cells 
very  hltlc  (Macalluin  aad  Menlcn,  igo6). 

Excretion  of  Chlorid. — This  occurs  mainly  by  the  urine,  chiefly 
KCl;  only  a  small  part  being  lost  by  the  feces  and  perspiration.  T! 
excretion  varies  quantitatively  with  the  salt  income,  but  generally  la( 
somewhat  behind  in  time.  The  administration  of  salt  therefore  produce 
a  temporary  accumulation  in  the  tissues.  With  a  steady  income  of 
and  water,  equilibrium  is  reached,  in  normal  man,  in  three  or  four  dai 
(Borelli  and  Girardi,  1915).  If  the  supply  of  salt  is  stopped,  the  excretif 
falls  to  a  very  low  level  within  three  days,  the  tissues  retaining  their  noi 
mal  salt  content  with  very  great  avidity.  A  small  excretion  (0.6  to  Ov 
Gm.  daily  in  man)  continues,  however,  so  that  the  tissues  finally  lose  salt 
This  leads  to  the  phenomena  of  ^'sali-hunger.'' 

Feces, — The  fecal  chlorid  excretion  is  normally  insignificant,  but  in  nephritis  it 
reach  j  to  5  Gm.  NaCl  per  day  (Javal,  100^1;  Halpcrn,  1905). 

Diurmu  Variaiicns. — In  roan,  the  urinar>'  chlorid  excretion  is  always  greater  in 
forenoon  than  in  the  night,  independently  of  meals.  The  midday  meal  has  an  infiueot 
the  excretion  beiny  decreased  half  an  hour  after  eating,  due  to  the  gastric  excretion 
HCl.     This  lasts  an  hour,  and  is  followed  by  marked  increase  (Herrmann.sdorfcr,  loi:)*! 

Time  of  Excretion. — Giving  10  Gm.  by  mouth,  the  additional  chlorid  should 
excreted  within  twenty-four  to  forty-eight  hours,  eitlier  by  diuresis,  or  by  tncrta»edj 
«alt  concentration.  A  longer  delay  indicates  impiiircd  permeability  of  the  kidnty^i 
SchlayerandTakayasu.  1913,  consider  the  salt  and  lodid  excretion  as  an  index  of  tubul^ 
activity:  whereas  water  and  lactose  excretion  indicate  the  renal  vascular  function, 
classification  is  based  on  rather  ill-established  assumptions 

Injiiunce  of  Other  Sails  and  Diuretks. — The  excretion  of  CI  can  be  hastened  by 
administration  of  related  salts  (bromids,  iodids,  nitrates,  sulphocyanidsj.     Convcrsdyf^ 
thcadmini,slration  of  CI  liastcns  the  eliminntion  of  these  salts,  and  may  be  useful 
iodism  and  bromism.     Diuretics  have  little  effect;  the  drinking  of  large  quaatiUcs  afl 
water  reduces  the  percentage  of  CI  in  the  urine;  the  absolute  quantity  may  be  unduagwl 
or  moderately  increased  (Rulon  and  Hawk,  tQi  i).     With  dogs,  theobromin  and  cafebl 
diminish  the  CI,  both  absolute  and  [XTcentage,  independently  of  any  diuretic  effect 
Saccone,  iQir).     In  rabbits,  however,  these  and  other  diuretics  tend  to  increase  the  Q 
excretion  proportional  to  the  diuresis  (Bonnamour  and  Imbcrt,  191  J.) 

Chlorid  Retention. — The  chlorid  excretion  is  greatly  diminished  io 
some  cases  of  nephritis;  in  fevers,  particularly  in  pneumonia  (where  much 
salt  is  retained  in  the  effusion);  and  during  the  rapid  development  of  new 
tissue  (cancer). 

Httrttiion  in  Frver. — This  was  first  described  by  Redtenbacher,  1S50.  and  has  bets 
extensively  investigated,  especially  by  Roehmann,  1S89.  The  low  CI  cicrttioa  '» 
partly  due  to  the  low  CI  income;  but  even  when  this  is  taken  into  account,  there  is« 
conwderable  deficit  tn  the  output,  i.r.,  a  true  retention  (Garratt,  1904I.  This  Ucsp^ 
cially  marked  in  pneumonia;  and  the  CI  in  the  exudate  is  not  sufficient  to  account  (ortiw 
difference.  The  retained  CI  seems  to  be  distributed  indiscriminately  thmuKli  nil  tjamo. 
The  Na  and  Ca  are  also  retained,  while  K  and  Mg  arc  excreted  normally  or  in  aCBi 
(Pcabody,  igij)-  Medigreceanu,  191 1,  found  a  comparatively  slight  CI  rctcntkNiiB 
turpentine  pleurisy,  and  none  in  pneumococcus  septicemia  in  rabbits.  This  indkaies 
that  the  retention  is  connected  with  the  pulmonar\' changes.  Snapper.  1915,  attributes 
the  retention  to  altered  cell  permeability;  for  he  claims  that  the  addition  of  sodium  «*• 
phate  to  blood  causes  the  passage  of  NaCI  into  the  ct>rpuscles  in  fever;  wberenji  nonuSf 
It  causes  the  passage  of  CI  out  of  the  corpuscles.     The  whole  subject  is  still  veo*  obscmt. 

McLean,  1975^  finds  that  the  diminished  excretion  in  pneumonia  is  associated  mlh 
lowered  CI  content  of  the  plasma.  At  the  crisis,  the  CI  increases  both  in  the  plasmiMii; 
In  the  urine. 

Retention  in  Cancer. — Tlie  diminished  excretion  is  probably  ciq^lainable  rntirelyb*! 
the  dificient  CI  income,  and  its  need  for  the  formation  of  new  tissues  and  transudalioB*! 
(Gacrlig,  1890;  Laudenheimer.  iSpj). 

Retention  in  Nepkrilis. — This  was  mentioned  in  connection  with  edema.  It  is  roo*t 
apt  to  occur  in  acute  glomerular  nephritis  (Borchardt,  IQ12J      However,  in  chfooic 
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nephritis  the  ability  to  excrete  chlorid  is  generally  impaired  before  the  nitrogen  excretion 
(O'Hare.  1916). 

The  CI  excretion  is  increased  in  tlic  early  diuretic  stage  of  uranium  and  cantharides 
nephritis;  it  is  usually  diminished  with  large  dose*  of  uranium  or  chromatc.  The  CI 
excretion  bears  no  simple  relation  to  the  anatomic  changes  (Austin  and  Eiscnbrey,  igii). 

Salt  Test  for  Xepkritis. — Schlaycr,  191 1,  keeps  the  patient  on  a  constant  diet  for 
several  days,  then  adds  ro  Gm.  of  NaCl  in  one  dose.  Tnis  cxccm  is  normally  excreted 
within  twenty-four  or  at  most  forty-eight  hours.  A  delay  beyond  this  indicates 
<liminished  permeability  of  the  kidney's  to  chlorids.  Frothlngham.  191 5,  classifies  the 
excess  excretion,  within  forty-eight  hours,  of  S.5  Cm.  as  no  retention;  4.5  Gm.  as  slight 
retention;  less  than  4.5  Gm,  as  considerable  retention.  Hedinger  and  Schlayer,  191J, 
now  employ  a  "nephritic  lest  meal."  A  strictly  similar  test  may  be  made  with  urea,  10 
Gm.  of  which  should  also  be  excreted  within  forty-eight  hours  (Monakow,  1014). 

Ouihetts. — The  literature  contains  contradictory  statements  as  to  the  chlorid  mets- 
boUsm  in  human  diabetes  (tebensohn,  1915).  The  "chlorid  threshold"  of  the  blood  is 
either  unchanged  or  lowered  (McLean,  iqisI- 

In  pancreatectomized  dogs,  lx:bensohn  found  (he  chlorid  metabolism  quite  normal, 
but  Rabens,  191 5^  claimed  that  such  dogs  excrete  only  Vj  0  to  \j  of  the  chlorid  of  normal 
dogs  on  the  same  diet. 

Beard  and  Rowntree,  1917,  report  that  diabetic  patients  when  permitted,  often 
consume  large  quantities  of  sodium  chlorid  with  their  diet,  and  develop  retention-edema. 
They  are  also  subject  to  *'sait  edema"  from  sodium  bicarbonate  administration. 

Mechanism  of  Chlorid  Regulation. — The  blood  main  tains  its  chlorid 
coiiLentraiion  remarkably  consiani,  and  even  the  tissues  undergo  only 
temporary  changes.  The  regulation  is  accomplished  through  the  adjust- 
ment of  the  urinary  excretion;  but  the  mechanism  by  which  this  is  con- 
trolled is  not  understood,  notwithstanding  extensive  investigations.  The 
problem  is  probably  analogous  to  that  of  the  regulation  of  the  sugar 
content  of  the  blood. 

CoUoid-chlorid  Combinatum. — One  theory  (Forster,  1873)  assumes  that  the  greater 
quantity  of  the  salt  exists  in  the  body  in  a  form  (perhaps  as  a  combination  with  Ihr  pro- 
irinsi  in  which  it  can  not  pass  through  the  living  Kidne\'S.  This  salt  is  therefore 
retaizied  with  great  tenacity.  Any  excess,  over  this,  such  as  is  normally  present,  is  free 
ond  filters  very  readily  into  the  urine.  This  theory  agrees  with  the  obscr\Tition  of  SoU- 
mann  fipoa)  that  the  injection  of  those  ions  which  are  closely  related  to  chlorid  (^'iz., 
Br,  I,  NOi.  SCN)  increases  the  chlorid  percentage  in  the  urine,  while  other  ions  do  not 
have  this  effect:  it  mav  be  assumed  that  the  related  ions  can  di.splace  the  chlorid  from  its 
protein  compound.  All  attempts  to  prove  by  chemical  or  physical  methods  the  exist- 
ence of  such  compounds  in  the  bU^xl  have  failed.  Rona,  1910,  f.i.,  showed  by  "com- 
pensated osmosis"  that  the  CI  of  the  blood  diffuses  exactly  as  if  it  were  in  the  ordinary 
looic  condition.  However,  it  is  still  conceivable,  that  the  adsorption  of  the  colloids  may 
modify  the  tjltrability  of  dissolved  substances.  M.  Hscher.  1Q15,  believes  that  reten- 
tion of  salt  and  water  arc  both  due  to  imbibition  of  body  colloids,  which  Ls  increased  by 
«dds.  and  therefore  he  thinks  by  acidosis. 

Cuahny  (tpos).  attributes  the  chlorid  regulation  to  the  absorbing  mechanism  of  the 
tutwles. 

Chlorid  Threshold. — .\mbard  and  Weil  assert  that  there  is  a  certain  threshold  of  the 
\aCl  concentration  of  the  plasma — normally  5.62  Gm.  per  liter.  If  the  concentration 
falls  below  this,  no  chlorid  is  excreted;  if  it  rises  above,  the  excretion  varies  as  the  square 
of  the  exccs.s  fMcLean,  1015)- 

Limited  Salt  Income. — The  maintenance  of  a  certain  salt  content  is  induipensable  to 
the  body,  sodium  chlorid  being  especially  important.  Animal  food  appears  to  contain  a 
su^dency  of  this  salt;  while  a  herbivorous  and  omnivorous  diet  is  irisufhcicnt  in  this 
re?pect.  Under  ordinary  conditions,  the  excretion  of  salt  keeps  perfectly  parallel  with 
the  salt  income  (Falk,  1848),  so  that  a  moderate  excess  of  salt  income  is  pnictically 
Hitlwul  effect,  except  on  the  urine.  A  ver>'  limited  salt  income  (as  by  an  exclusive  milk 
<tjet)  can  also  be  borne  for  a  considerable  time,  licing  met  bv  a  corresponding  decrease  o\ 

rid  excretion,  so  that  the  percentage  of  the  salt  in  the  blood  is  scarcely  altered,  and 

■eneral  symptoms  whatever  result.     Dogs  on  a  Cl-poor  diet  retain  CI  or  1  more 

dcntly  than  on  ordinary  fowl  (Sarvonat  and  Cremien,  191 1).  The  diminished  in- 
come of  salt  in  fever  seems  to  have  no  deleterious  effect.  Even  when  the  excretion  is 
further  increased  by  liberal  water -diuresis,  the  patients  show  no  particular  craving  for 
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salt.     Complete  abstention  from  food  also  docj;  not  produce  any  effects  referable 
the  absence  of  salt.     After  n  len-day  fast,  the  total  quantity  of  CI  in  the  body  is  irdui 
by  only  3  per  cent.;  and  the  percentage  of  CI  is  even  above  the  normal,  because 
tissues  disappear  more  rapidly  in  star\'ation  than  does  the  CI  (Roscraann.  X012).     V 
rico,  iQio,  found  no  change  in  the  free/ing-point  or  conductivity  of  the  blood  in  inai 
tion.     The  inorganic  metabolism  in  starvation  has  also  been  studied  by  Catbcaft  aod 
Fawsitt,  1907. 

Salt  Starvation. — This  may  be  produced  by  feeding  footi  deprived  of  all  its  salts  tj 
Forsler,  187;;);  or  by  "deceptive  feeding,"  abstracting  the  gastric  juice  through  a  6'tL.j 
(Rosemann,  191 2).  Fomter  found  that  pigeons  died  in  thirteen  to  twenty-nine  <Ja>>. 
dogs  in  twenty-six  to  thirty-six  da>'s.  In  man,  an  abstinence  of  nine  daj's  is  serious,  but 
not  dangerous.  The  subject  docs  not  return  to  normal  for  a  week  or  two  after  resumiafE 
the  consumption  of  salt  <E   Taylor,  1904). 

The  animals  emaciate  rapidly,  through  anorexia  and  other  interference  wilh  diges- 
tion and  absorption.  Great  muscular  weakness  and  tremors,  with  occasional  conxoil- 
sions,  are  very  prominent.  The  mental  faculties  are  dulled.  The  urine  and  brcitii 
contain  acetone.  The  loss  of  the  mineral  constituents  of  the  body  is  relatively  'Ttim'- 
Thc  N  excretion  is  fairly  equal  to  the  income.  A  conspicuous  change  is  the  dccre.iv-  :-■ 
the  excretion  of  eastru  HO  (Cahn,  r8S6).  This  stops  completely  when  the  chlond 
stock  of  the  body  nas  fallen  by  20  per  cent.  fRoscmann,  1912).  It  is  not  known  how  tar 
the  other  changes  are  due  to  mere  CI  loss;  and  how  much  the  absence  of  the  other  iom 
contribute  to  the  result. 

Salt-poor  Diet — The  use  of  NaCl-f>oor  food  in  edemas,  etc.,  was  discussed  pre\*iousl.v 
Javal,  igi2,  suggests  the  addition  of  sodium  iodid  or  broraid  to  improve  the  l^'it 
of  the  unsahed  bread  Cl-poor  diet  has  also  been  employed  to  enhance  the  retention  d 
the  bromid  ion  in  epiief>5y  (Toulouse  and  Richct,  ipoo).  Indeed,  the  cfl&ciency  of  ibc 
bromid  treatment  has  been  referred  to  de-chloruration;  but  this  is  probably  erronwu* 
(see  Bromids;  Januschke,  igi^).  Tables  of  the  content  of  the  various  salts  m  foods ur 
given  by  Mbu  and  Ncubcrg.  Mineralstoffwcchscl. 

Effects  of  Excessive  Consumption  of  Salt— Rv  means  of  the  rcgulatine  mechan 
isms,  an  excess  of  the  Na  or  CI  ions  is  eliminaLeo  very  promptly,  and  ci  1 
duce  any  ver>'  large  e0cct.  But  even  when  tliey  are  retained,  these  ions  / 
very  srHoII  actions,  tor  the  amounts  normally  present  arc  so  large  that  the  artiuci^  iiiL-u 
duction  of  ordinar>'  amounts  will  not  increase  their  ratio  to  a  considerable  citcnt 
Na  and  CI  are  therefore  the  most  indifferent  of  the  ions,  and  their  silts  arc  used  wi»cD 
the  effects  of  other  ions  arc  to  be  tested.  It  is  important  to  remember,  however.  ti»t 
they  are  really  very  essential  to  the  protoplasm,  and  that  the  absence  of  effects  Dttu^i 
only  to  the  fact  that  the  variations  wnich  are  introduced  arc  relatively  small. 

Local  Actions  of  Salts. — Salts  in  isotonic  or  hypoisotonic  solutions  hai 
little  local  action;  in  substance  or  in  hyperisotonic  solutions  they  act  *»^ 
rather  mild  irritants,  without  destroying  the  tissues. 

Action  on  the  Skin;  Salt-baths. — Sodium  chlorid  and  other  oeatral 
salts,  f.j^.,  in  the  form  of  sea  baths,  produce  a  mild  but  extensive  stimi 
lation  of   the  skin,  and   thereby  reflex   tonic  effects.     The  mcchani* 
irritation  of  the  dried  salt  crystals  contributes  to  the  result.    The 
possess  an  advantage  over  most  other  irritants  in  that  they  do  not  inji 
the  epidermis. 

Alimentary  Canal. — Salt  produces  a  similar  stimulation  of  the  mucosa 
of  the  alimentary  canal,  especially  in  the  stomach,  i.e.,  before  the  saltii 
diluted. 


The  action  is  deep  since  the  salt  will  stimulate  all  the  cells  with  which  it  oomflal 
contact  in  the  course  of  its  absorprion.     Since  the  salt  is  quickly  removed  by  (urtJ 
absorption,  it  docs  not  cause  any  permanent  change.     In  this  way  it  differs  from 
majority  of  gastric  irritants,  whicn  produce  a  superficial  but  persistent  action, 
stimulation  by  salts  may  therefore  be  continued  for  a  considerable  tiraCi  aod, 
quently  ver>'  useful  in  the  treatment  of  certain  cases  of  "atonic"  dysptpsia. 
often  aids  the  digestion  of  otherwise  difficultly  digestible  articles.     Roscnt 
observed  markedly  increased  secretion  in  the  Pawlow  miniature  stomach.  dcpcn<fing" 
the  concentration;  i  per  cent,  was  indifferent;  greater  dilutions  were  slightly  stiidubol 

Pepsin. — W.  W.  Hamburger,  1915,  found  that  neutral  solutions  of  XaCl.  e\tfl  j 
the  concentration  of  serum,  rapidly  destroy  pepsin.     The  inhibition  is  complete  wit* 
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3-5  per  cent.  NaCI;  scarcely  perceptible  with  0.25  per  cent.  Other  inorganic  salts  act 
similarly,  probably  by  litjcraUon  of  OH  ions  (Hamburger,  and  Halpcrn,  1915).  The  de- 
struction docs  not  occur  in  the  presence  of  free  acid;  but  once  deslrnyed,  the  ferment  can 
not  be  reactivated  by  acidulation.  This  reaction  is  probably  the  explanation  of  the 
^'antipcpsin"  of  the  serum.  Neutralization  of  gastric  juice  likewise  destroys  its  pepsin, 
since  NaCI  is  formed.  This  would  contribute  to  the  action  of  alkalies,  for  instance 
in  gastric  ulcer. 

Laxative  Action, — A  teaspoon  of  salt  in  a  pint  of  water,  taken  before  breakfast,  is 
often  laxative. 

Saline  Diuresis  on  Milk  Flow. — In  lactating  goats,  with  limited  water  income^ 
diuretic  doses  of  salt  or  urea  decrease  the  >neld  of  milk  and  increase  its  fat-content, 
presumably  by  diminishing  the  available  amount  of  water.  The  nitrogen  of  the  milk  is 
not  increased  i'Stenbock,  1915). 

Toxic  Action. — If  salt  is  given  in  large  amounts  and  concentrated  form,  the  irrita- 
tion may  lead  to  a  strong  inflammation — ^to  severe  gastroenteritis,  which  mav  be  fatal. 
poisoning  by  etiema  was  reported  by  Brooks,  igio,  A  pint  of  saturated  solution  had 
been  injected,  and  repeated  twice  at  hour  intervals.  The  s>'Tnptoms  were  restlessness, 
thirst, rapid  pulse,  coma.  feverdopT.),  frequent  micturition,  dyspnea.  Death  occurred 
eight  hours  after  the  iir^t  injectionj  preceded  by  con\Tjlsions  and  bloodj'  discharge  from 
the  rectum. 

Action  After  Absorption. — The  ingestion  of  salts,  without  suflBcient  water  to  render 
them  isotonic,  must  tend  to  irurease  the  salt  concentralion  of  the  body.  This  increase 
affects  mainly  the  tissues,  the  molecular  concentration  of  tHe  blood  remaining  practi- 
cally unaJtered.  This  increased  salt  concentration  is  counteracted  by  the  stimulation 
of  two  mechanisms:  a  desire  for  water  (thirst);  and  the  elimination  of  highly  hypertonic 
urine.  If  water  is  given  freely,  the  salts  are  powerfully  diuretic.  Thia  leads  to  an  in- 
creased excretion  of  rnetaboiiies,  partly  by  the  flushing  out  of  stored  waste  products,  but 
also  by  direct  stimulation  of  metabolism.  If  the  water  income  is  restricted,  the  poor 
urine  flow  decreases  the  N  excretion  temporarily  (Desgrez  and  Gucnde,  iqi  2). 

The  effect  upon  the  metabolisrn  is  uncertain  in  its  outcome,  as  is  the  case  with  all 
alteratives.     It  may  be  useful  especially  in  ohesily. 

Saline  Diuresis. — When  extra  salt  is  administered  by  mouth,  it  mav  increase  the 
urine  flow,  or  the  percentage  of  urinary  chlorid,  or  both.  This  probably  depends  on 
the  state  of  the  tissues  mure  than  on  the  kidneys. 

Respiratory  Metabolism. — This  is  increased  by  saline  injections,  especially  if  hyper- 
tonic (Raeder.  igi5). 

Salt  Glycosuria. — Bock  and  Hoffmann,  1871,  observed  that  intravenous  injection 
of  NaCI  solution  into  rabbits  produces  glycosuria.  This  was  confirmed  by  Kuelz, 
1S73  fwho  also  found  that  it  does  not  seem  to  occur  in  dogs);  and  later  by  M.  Fischer, 
O.  H.  Brown  and  others.  The  glycosuria  is  greater  with  rapid  injection  or  higher  con- 
-ccntrations,  and  may  be  abolish«i  by  the  addition  of  Ca  ions. 

The  mechanism  of  the  salt  glycosuria  is  in  dispute.  Underbill  and  Closson,  IQ06, 
-claim  that  it  is  accompanied  by  hv'poglycemia,  and  therefore  attribute  it  to  inci;eased 
permeability  of  the  kidneys.  E.  Franck,  191J,  failed  to  find  the  hypoglycemia,  and 
.attributes  it  to  pol>'uria.  WiUenko,  igii,  states  that  it  does  not  occur  after  section  of 
the  iplanchnics  and  refers  it  to  stimulation  of  the  central  nervous  system.  Further 
■work  is  eWdently  needed. 

E.  Hirsch,  1915,  reports  hj-perglycemia  from  intravenous  injection  of  10  per  cent. 
KaCl.  The  action  is  central,  presumably  on  the  glycoauric  center.  Solutions  of  2.5 
pet  cent,  or  more  dilute,  even  in  large  quantities,  do  not  increase  the  blood-sugar; 
■Mr  docs  sodium  carbonate  or  acetate,  nor  calcium  chlorid.  Sodium  sulphate  also  does 
Hot  produce  b>'perglycemia  (Kleiner  and  Meltzer,  igi6).  Magnesium  sulphate,  how- 
«T'tr.  docs  so. 

It  is  interesting  that  diabetic  puncture  and  puncture  of  the  funiculus  teres  in  rabbits 
'nocasc-s  the  urine  and  the  percentage  of  chlorid  {"Salt  punciure").  The  urinary 
^flcct  is  independent  of  the  glyceraia,  but  depends  on  nervous  impulses  carried  by  the 
■jjUnchnics  (Jungmann,  1014). 

Salt  Fever. — Finkelstcin,  i^ofi,  and  Schaps,  observed  that  the  administration  of 
*alt  to  infants  by  mouth  or  hypodermically,  may  produce  fever.  A  slight  rise  of  tcm- 
^rature  is  also  observc*d  in  aauHs,  if  at  least  a  liter  of  o.g  per  cent.  NaCI  is  injected 
-Qt-pwiermically  fRingl,  1910);  but  is  prevented  if  Ca  is  added,  as  in  Ringer's  solution 
CMcyer  and  Riet5chel;Bock,  1913;  Bumcttand  Martin,  1916).  The  rise  is  accompanied 
l>y  an  increased  N  metabolism  and  heat  production  {Freund  and  Grafe,  191 1).  Hyper- 
^nic  salt  solution  (3  per  cent.  NaCI)  is  much  more  effective  (Roily  and  Christjansen, 
■tpi4).  A  similar  rise  is  produced  by  the  injection  of  isotonic  dextrose  or  lactose,  ana 
)r^ indifferent  particles  (paraffin,  colloid  metals,  etc..  Bock);  but  these  may  have  a  differ- 
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ent  origin.  The  salt  fever  is  not  due  to  infection,  for  it  occurs  with  ab5olutely  stei 
solutions  and  w-ith  oral  administration  (Bingl;  Frcund,  1913).  It  b  therefore  qi 
distinct  from  the  "water  infection,"  the  *' wasserfehler "  of  Wcchselmann,  ion;  L 
the  fever  that  occurs  after  the  injection  of  solutions  made  with  stale  distilled  wal 
Finkelstein  and  Ringl  assumcfl  that  the  salt  fever  is  caused  by  irritation  of  the  hi 
centers  by  the  chcmic  products  resulting  from  the  action  of  the  N'a  ions  on  the 

An  apparently  dififercnt  t>'pe  of  salt  fever  is  produced  by  the  injection  of  hypcrtoi 
solutions  of  salt,  glucose  etc.  This  can  be  prevented  by  the  administration  of  wil 
and  is  attributed  by  Balcar  et  al,  igiQ*  to  the  dr>'ness  of  the  tissues,  limiting  per^h 
tion  and  Lhertrfore  reducing  heat  dissipation. 

Wri^fs  Surgical  Solution. — A.  Wright,  1Q17,  recommends  the  saturation  of  woi 
with  a  h>'pertanic  saline  solution,  aiming  to  keep  the  surface  irri^led  with  Kinph- 
cmplu\'s  4  per  cent,  of  sodium  chlorid  and  i  per  cent,  of  sodium  ntrate  in  dibtiUol  water, 
sterilized  by  boiling  for  half  an  hour. 

Fackenhein.  1915,  uses  the  same  principle  by  dressing  the  wound  daily  with  graou- 
ated  sugar. 

PREPARATIONS — SODIUM  CHLORID 

•Sodii  Ckloridum  {Sod.  Chlorid.),  U.S.P;  {Sod.  CAAw.J.B.P.;  (Common  Salt).  K»a 
White,  crystalline  powder  of  purely  saline  taste.  Freely  sol.  in  water  li  ;>) 
nearly  insot.  in  ale;  sot.  in  glyc.  (i:  10).  Chlorids  are  incompatible  H-ith  salts  of  silver 
and  lead.     Doxr,  ic  Gm.,  ^  ounce,  U.S.P. 

•Liquor  Sodii  CMIoridi  Pkysiologicus  (Liq.  Sod.  Chlor.  Physic),  U.S.P.  (KanDil 
Saline  Solution).— 0.85  per  cent. 


SALINE  INFUSIONS  AND  TRANSFUSION 

The  injection  of  saline  solutions,  of  blood  serum,  washed  corpuscles, 
non-coagulable  blood,  or  direct  transfusion  of  blood  produced  very  sirnlbr 
results  and  arc  merely  minor  modifications  of  the  same  general  procedure. 

General  Effects  of  Saline  Infusions. — The  general  effects  ol  hypoder- 
mic or  intravenous  injections  of  saline  solutions  on  the  quantity  of  blood, 
lymph  and  urine,  and  the  fate  of  these  solutions  were  discussed  unrier 
"Salt  Action."  It  may  be  recalled  that  the  quantity  of  fluid  in  the  M<"  ' 
is -temporarily  increased.  This  produces  a  very  moderate  rise  of  blood 
pressure;  and  this,  perhaps  with  some  direct  salt  action,  results  in  an 
increased  excitability  of  the  respiratory,  vagus  (H.  C.  Jackson  and  Ewing, 
1914)  and  vasomotor  centers.  With  iwnnal  animals,  the  rise  of  capillary 
pressure  is  large  and  persistent;  while  the  rise  of  arterial  pressure  and  the 
medullary  stimulations  pass  off  quickly,  but  without  noticeable  fati^e« 
In  animals  whose  blood  pressure  is  low — particularly  if  this  is  due  to  hen>*| 
orrhage,  saline  infusions  bring  the  pressure  toward  normal,  and  mainl 
it  much  better  (sec  figure).  Excessive  injections  of  saline  solutions  may 
cause  death  from  pulmonary  edema,  or  from  overdistenlion  of  the  heart 
Even  therapeutic  injections  may  produce  glycosuria,  slight  fever,  and 
rarely  albuminuria. 

Vasomotor  Center. — In  normal  animals,  injections  of  '^  tfl  4".C&  f^r  lulflCntni 
duce  only  slight  stimulation  or  no  change.  Occasionally,  i.e.  wlien  there  15  msjot 
rise  of  blood  pressure,  the  va.<nconstriction  is  quite  marked  (Pilcher  and  SoUmann,  \\ 

Quantilattve  Relations. — These  effects  arc  produced  by  all  salts  whose  ions  areDi>t 
Bpccihcally  toxic,  e.g.,  by  most  sodium  salts.  To  have  any  effect,  (hcscr  must  he  usc<liB 
rather  large  amounts,  i.e.,  from  25  to  50  c.c.  of  the  eighth-molecular  stilution  per  kil> 
gram  of  bod>'weight.  Solutions  which  contain  all  the  salts  of  the  serum  in  the  proper 
proportions  ie.g.,  Locke's  Fluid)  arc  somewhat  better  than  the  normal  (o.g  percent) 
sodium  chlorid  solution,  but  the  latter  suflSccs  for  all  practical  purposes. 

Even  small  doses  of  isotonic  NaC!  may  produce  changes  in  blond  pre^^-: 
Ringer's  solution  or  glucose  has  much  less  effect  (Selig,  igiih  so  thnl  t 

?irobably  not  wholly  o.^motic.     Frogs'  vessels  arc  dilated  by  perfusion    ... 
Hooker,  19x1). 
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FacUtrs  Invoiixd. — The  effects  produced  by  injections  of  sodium  salts  depend  on 
the  interaction  of  a  number  of  factors,  especially: 

Hydremic  plethora 

Osmotic  chants 

Changes  in  the  alkali  rescn'e,  by  selective  retention  of  the  cathion 

Altcrcid  ion  ratio  in  the  blood. 

The  nature  of  the  anion.  This,  however,  probably  acts  mainly  by  altering  the  per- 
meability   of    the    cells    to    sodium    (Gruenwald,     1918). 

Toxic  Doses  of  Different  Cathions. — Joseph  and  Meltzer,  1907^  found  that  MgCU 
was  fatal  formammaia  with  0.2^3  Gm.pcr  kilogram  (i  c.c.  m/s  per  kilogram  per  minute); 
Ca  and  K  requin^l  about  double,  Nu  twenty  times  as  much. 

Hypoisotonic  Solutions. — ^Thcsc  act  very  much  like  isotonic  solutions,  but  are 
somewhat  more  injurious  and  may  lake  the  blood. 

Hypehsotonic  Solutions. — These,  by  abstracting  water  from  the  tissues,  produce 
a  much  more  violent  stimulation  of  the  central  nervous  system,  passing  on  to  convul- 
donfr,  hut_ always  followed  by  deprcsaion.  Small  intravenous  injections  raise  the  blood 
pressure  partly  by  direct  stimulation  of  the  heart  ^Rctzlaff,  19x5).  With  larger  injec- 
tions, the  bltxid  pressure  shows  a  progressive  fall,  with  temporary  rise  during  the  spasms. 
The  respiration  is  at  first  quickened,  but  becomes  slow  and  shallow  as  the  blood  pressure 
falU.  The  heart  is  quickened,  feeble,  and  arrhythmic.  In  the  later  stages  it  may  be 
slowed  by  stimulation  of  the  vagus  center.     The  temperature  rises. 

The  diuretic  cSect  and  the  local  irritation  are  also  much  greater. 

It  is  probable  that  some  of  the  phenomena  of  uremia  are  due  to  a  hyperisotonic 
condition  of  the  blood,  which  may  reach  almost  double  the  normal  concentration  in 
this  condition. 

Restoration  of  Normal  Blood  Volume. — The  circulation  rapidly 
disposes  of  injected  solutions  by  exchange  with  the  tissues.  As  has  been 
explained  more  fully  under  General  Salt  Aciiany  I  he  total  molecular 
concentration,  the  ratio  of  ions,  and  the  total  volume  of  blood  are  restored 
to  nearly  normal  within  half  an  hour. 

Conditions  Delaying  the  Restoration  of  the  Blood  Volume. — Bocert.  Underbill  and 
Mendel.  J916,  confirm  tliat  in  norma]  dogs  and  rabbits,  the  blood-volume  returns  to 
normal  within  half  an  hour  after  the  intravenous  injection  of  warm  Ringer's  fluid, 
equivalent  to  the  total  blood-volume.  This  is  delayed  by  morphin,  and  by  nephritia 
(uranium,  chromate  or  tartrate),  but  not  by  ligation  of  the  kidney  vessels.  The  restora- 
tion is  not  affected  by  the  addition  of  0.4  per  cent,  sodium  carbonate,  either  in  nnrmnl  or 
in  nephritic  animals.  Gelatin  solutions  (2  per  cent.)  may  leave  the  blood  as  rupidl}'  as 
plain  saline,  althouKh  more  commonly  from  11  to  27  per  cent.,  are  still  present  in  the 
blood  after  half  an  hour.  The  gelatin  leaves  the  blood  in  the  same  ratio  as  the  fluid 
(Boycott,  1914)  and  is  partly  excreted  in  the  urine. 

Balanced  Solutions. — It  has  been  pointed  out  that  even  isotonic  sodium 
chlorid  solutions  are  injurious  to  isolated  tissues;  that  the  function  of 
isolated  tissues  requires  exactly  "balanced,"  solutions^  of  the  l>'pe  of 
Ringer's,  Locke's  or  Tyrode's  solutions;  but  that  this  is  not  necessary  in 
the  intact  animals,  because  the  regulating  mechanisms  of  the  body 
rapidly  rqstore  the  normal  concentration  and  ion-ralio  of  the  blood.. 
Solutions  of  sodium  chlorid  of  0.6  to  r  per  cent,  may  therefore  be  used 
ior  hypodermic,  and  even  for  intravenous  injections,  althotigh  Locke's 
fluid  is  probably  more  desirable. 

Special  Ingredients. — Saline  infusions  are  used  mainly  forthe  mechan- 
ical result  of  increasing  the  quantity  of  circulating  fluid.  Any  indifferent 
soTute  coaH  therefore  be  subsliLuted  for  isosmolic  quantities  of  sodium 
chlorid.  Most  substitutes,  however,  are  too  toxic  for  large  intravenous 
injections. 

The  only  substitutes  for,  or  additions  to,  salt  that  have  reached  some 
practical  importance  are:  ^ucose,  sodium  bicarlxmale,  acacia  and  gelatin. 

Glucose. — This  may  have  advantages,  especially  in  impending  acido- 
sis, and  in  cardiac  collapse,  where  it  acts  as  a  nutrient;  in  nephritis;  or  in 
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fever,  because  the  oxidation  of  the  sugar  leaves  the  water  at  the  disposal^ 
of  the  tissues.     It  is  often  used  in  strongly  hypertonic  solutions,  althoi 
it  is  probable  that  approximately  isotonic  ^nhirif^Qjs  (j;  ^^i  C^^t  J  should 
preferred.     It  is  also  injected  wiih  acacia,  especially  in  shoct;.     In  ai 
case,  it  should  be  aimed  to  graduate  the  injections,  so  as  to  avoid  mark< 
hyperglycemia. 

Enriquez,  igr^,  recommends  a  30  per  cent,  solution,  injected  &t  the  rate  of  25010 
C.C.  per  hour,  to  a  total  of  one  liter. 

Erlangcr  and  Wtxjdyatl,  igi7.  claimed  fair  results  with  dogs  in  shock. 

n.  J.  John  used  it  with  good  results  in  pneumonia  (350  c.c.  of  10  per  cent.,  by  vei 
2  or  3  times  daily). 

Antipyrelic  E^eci. — Barbour,  igig,  observed  in  man  under  suitable  conditions  a] 
very  slight  lowering  of  temperature  by  increased  heat  dissipation,  after  oral  adminiurf 
lion  of  .?o  to  too  grams  of  glucose  in  250  c.c.  of  water. 

Cotloid  Infusions. — The  attempt  has  been  made  to  prolong  the  stay  of  the  salinr  in 
the  vessels  by  the  addition  of  gelatin  (Hogan,  igij)  or  other  colloids.  Baylis*,  igiO 
confirmed  that  the  addition  of  5  per  cent,  of  gelatin  or  acacia  tn  Ringer's  fluid  maiu- 
tains  the  bloo<i  pressure  longer.  Tnese  solutinhs  produce  less  diuresis  (Knowlton,  tgii,' 
and  arc  generally  retained  much  longer;  but  this  prolonged  sojourn  of  the  colloid  Etuy 
be  inadvis;ible. 

Colloids  on  Diuresis. — Knowlton  observed  that  5  per  cent  of  gelatin  or  of  acacii. 
added  to  Ringer'fs  fluid,  practically  prevented  a  diuretic  response;  whereas  soluble 
starch,  which  is  at  least  equally  viscid,  did  not  inhibit  diuresis.  The  effect  of  gelatin  a 
prot>ably  due  to  its  wa»cr-affinity. 

Tn  the  experiments  of  Bogcrt,  Underbill  and  Mendel,  igi6,  the  urine-flow  irt*a! 
great  with  2  per  cent,  gelatin  as  with  plain  saline.  The  gelatin  solution  generally  Itft 
the  circulation  somewhat  more  slowly  than  plain  saline;  but  not  always.  The  nU tin 
was  eliminated  from  the  blood  at  the  same  rate  as  the  fluid,  being  partly  excreted  by  the 
kidnev-s  (Boycott.  IQ14). 

In  rabbits,  J.  Clark,  igiS,  found  that  the  gelatin  begins  to  leave  the  blood  immcdiale- 
ly  after  injection,  iu  elimination  being  completed  in  6  to  24  hours. 

Hugan,  igis,  advised  the  following  solution:  Gelatin,  1.5  Gm.,  dissolved  in  100 cc 
of  water,  and  added  to  1,000  c.c.  of  o.g  per  cent.  NaCl  with  2  Gm.  of  NajCOj  roBiO. 
This  is  injected  (about  500  to  750  cc.)  until  the  blood  pressure  is  satisfactory. 

Acacia. — S.  H.  Hurwit^,  1917,  recommended  a  5  per  cent,  solution  of 
acacia  in  Locke's  fluid,  as  being  more  easily  sterilized  than  gelatin  and 
uon-toxic.  Its  viscosity  is  slightly  higher  than  that  of  plasma.  Baylb*, 
1917,  also  found  the  addition  of  6pii£^<^eiit.  of  acacia  to  Ringer's  Huifi 
counteracted  low-blood  pressure  in  animals  much  more'  effectively  llttn 
plain  Ringer's. 

Ac^ia  in  Traumaiic  Shock. — This  solution  has  been  extensively  tried  against  lJ>t 
shock  of  war  wounds.  The  British  Bayliss  solution  contains  6  per  cent,  of  acada  «ad 
0.9  per  cent,  of  sodium  chlorid.  Erlanger  advised  25  per  cent,  of  acacia  and  i3  pff 
cent,  of  glucose,  injected  vcr>'  slowly  separately  or  logether,  in  the  ratio  of  ^  cc,  p<* 
kg.  In  animals  and  in  many  clinical  cases,  the  injection  was  followed  by  some  ixnproyt- 
ment;  although  it  is  not  clear  that  the  ultimate  results  were  any  tpcttcJr  than  with 
simple  saline. 

Dangers  of  Acacia  Injections. — Scriotis  collapse,  sometimes  fatal,  has  followed  the 
injettion  of  the  Bayliss  solution  on  several  occasions  (Engl.  Med.  Res.  Com.  ipt^- 
Simple  chills  arc  more  common. 

The  cause  of  the  accidents  has  not  been  completely  explained.  Faulty  prcpar»liofl 
of  tlie  solutions  may  be  one  element.  However,  acacia  produced  agglutination  of  tbe 
blood-corpuscles  and  like  other  colloids,  it  may  cause  anaphylactoid  phenomcns  in 
animals,  wh^ch  resembles  the  clinical  accidents  (Rruse,  iqiq;  Hanzlik  and  Ranaet. 
1919).     Some  specimens  are  much  more  dangerous  than  others  (Dc  Kruif,  1919). 

Alkali. — The  addition  of  0.5  per  cent,  sodium  bicarbonate  to  the  phj^a-j 
ologic   saline  solution   (Howell,    1900;   Dawson,    1904)  approaches  mor 
closely  the  normal  reaction  of  the  blood,  counteracts  acidosis  (Milroy, 


SALINE    INFUSIONS    AND    TRANSFUSIONS 


785 


^^7)  and  often  causes  more  lasting  restoration  of  the  blood  pressure 
(compare  '*Milk  Alkalies").  However,  in  simple  hemorrhage  or  mild 
collapse,  it  i?  a  needless  complication. 

llierapeutic  Uses.  —Saline  infusions  are  employed  to  tide  the  patient 
over  acute Jmcmia  from  hemorrhage;  in  ccUap&e;  or  in  alternation  with 
bleeding  for  the  removal  of  poisons  (uremia,  CO,  etc.).  Direct  transfu.^ion 
of  blood  is  more  efficient,  but  more  inconvenient  and  often  inadvisable. 

Use  in  Hemorrhage.— Saline  injections  arc  made  with  the  object  of 
restoring  the  fluid  needed  for  effective  work  of  the  heart.  The  restoration 
of  the  blood  pressure  succeeds,  at  least  temporarily,  unless  the  hemorrhage 
has  reduced  the  pressure  to  the  level  of  shock  (Pilcher  and  Sollmann,  1914; 
Downs,  1916).  Short  of  this,  the  temporary  benefits  are  often  striking; 
but  since  the  solution  does  not  stay  long  in  the  vessels,  the  final  fatality 
is  not  greatly  influenced. 

Influence  of  Saline  Inhision  on  Hemorrhage  Fatality. — Kwan,  iqi^,/.!.,  found  that 
rabbits  die  from  acuU*  hcmorrh;iKo  when  26.7  to  .52  c.c.  of  blood  are  lost  per  kilogram. 
When  the  blood  was  replaced  at  once  by  simple  saline,  the  fatal  limit  was  3.5.5  to  J7.5; 
when  replaced  by  Ringer's  solution  33.6  to  37.3  c.c.  per  kilogram. 

Effifienry  of  Modifications. — This  was  investigated  by  Penfield,  igiS.  By  repeated 
bemorrhajte,  be  kept  the  blood  pressure  of  dogs  about  40  mm.  Ilf?  for  i  to  c^  hour. 
Then  a  saline  injection  wa.s  made,  equal  in  volume  to  the  blood  withdrawn.  Survived 
animals  were  obser\'ed  for  a  week: 

About  half  of  the  animals  survived,  the  ratio  being  the  same  for  plain  o.q  per  cent, 
sodium  chlorid,  for  the  Bayli.ss  gum -bicarbonate  solution  and  For  the  Krtangcr  gum- 
dextfxffie  solution. 

Extremes  of  Hemorrhage. — Richet.  IQ18,  found  that  the  minimum  of  blood  compa- 
tible with  life  fin  dogs)  is  4  per  cent,  of  the  nomud  number  of  corpuscles,  and  37  per  cent, 
of  the  normal  blood  mass.  This  means  that  considerable  blood  may  be  replaced  by 
saiinc.  For  instance,  with  simple  gradual  hemorrhage,  death  occurs  when  77  per  cent, 
of  the  blood  con^uscles  have  been  lost;  but  if  saline  is  injected,  life  persists  until  the 
blood  corpuscles  loss  has  reached  S  7  to  96  per  cent. 

Tratimatic  Shock. — The  low  blood  pressure  that  is  characteristic  for 
shock,  early  sugKested  the  use  of  saHne  solution.  The  results,  however, 
have  been  uniformly  disappointing.  Normal  saline  solution  does  not 
raise  the  pressure  maieriafly.  Excessive  injection  easily  produces  fatal 
dilation  of  the  heart.  If  acacia  or  epinephrin  are  added,  the  blood  pres- 
sure can  be  maintained  longer,  but  only  at  the  expense  of  overloading  the 
heart.  The  ultimate  mortality  is  practically  the  same  as  in  untreated 
animals. 

Saline  Infusion  hi  Collapse. — This  may  hasten  recovery  in  temporary  collapse,  as 
with  phenol  and  oLlier  poisons.  It  is  of  little  use  in  the  lasting  collapse  of  fever  or 
severe  shock. 

Use  in  Uremia  and  Other  Intoxications. — Saline  solutions  were  extensively  em- 
ployed as  diuretics;  but  it  is  now  recognized  that  simple  injection  does  not  increase  the 
elimination  of  the  toxic  substances  suflficiently  to  be  of  much  value.  (Their  influence 
has  been  studied  by  Lenhartz,  1899}. 

limited  disintoxication  occurs  with  strychnin  (Hatcher  and  Smith,  1917;  Kleiner 

LMeltxer,  T917).  The  recognition  of  the  impermeability  of  the  kidney  to  chlorid  in 
nephrites  enjoins  special  caution.  Mosenthal  and  Schlayer,  1913.  claim  that  the 
kijoeys  of  cicperimcnlal  nephritis  do  not  respond  well  to  NaCl.  In  any  case,  saline 
injections  must  he  used  cautiously  in  anuria,  and  must  not  l>e  persisted  in  if  a  moderate 
Injection  docs  not  cause  diuresis. 

PlasmaphAeresis. — This  term  was  introduced  by  Abel  to  designate  the  replace- 

PK  of  the  plasma  with  saiinc  solution.     The  blood  is  withdrawn,  the  corpuscles  scpa- 
Id  and  washed  by  ccntrifugation,  suspended  in  0.6  per  cent.  NaCI.  and  reinjected, 
this  way  much  larger  amounts  of  plasma  may  be  withdrawn  without  damage,  espe- 
cially if  the  process  is  several  times  repeated.    The  number  of  red  corpuscles  rises  at 
so 
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first  {i.e.,  the  volume  of  liquid  in  the  vessels  h  reduced);  but  ultimately  they  decli 
slowly.     The  plawna  proteins  may  be  reduced  to  a  third.     The  urea  and  non-prot( 
nitrogen  of  the  blood  are  increased.     The  temperature  rises  slightly  (Abel,  Rowi 
and  Turner,  igi4;  Turner,  Marshall  and  Lamiion,  1915). 

Hepatic  degeneration  (phosphorus  or  chloroform)  dclaj-s  n^cneration  of  the  bic 
proteins  after  plamaphaeresia  (Ilerr  et  a).,  igiS). 

Transfusion  of  Blood. — This  was  tried  cLinicaUy  in  very  early  times,  but  with 
trous  results,  since  foreign  species  were  generally  used.     Worms-Mueller,  1875,  invest 
gated  the  acute  and  late  effects  of  the  transfusion  of  the  blood  of  the  same  species,  tl 
fate  of  the  blood,  the  therapeutic  held,  etc..  and  practically  stated  our  modern  kooi 
of  the  sub|ccl,  except  some  technical  details  (Sollmann,  1915).     He  showed  that 
of  the  blood  volume  between  25  per  cent,  below  the  normal,  to  30  or  50 
above  normal  du  not  materially  nJter  the  normal  blood  pressure;  attributing  the  ., 
ment  to  vasomotor  changes.     The  pressure  remains   practically  unaltered  cvca 
extreme  plethora;  but  other  acute  central  symptoms  supcn'ene. 

Fait:  of  the  Transfused  Blood. — As  to  the  further  fate  of  the  animals.  Mueller  sbotred 
that  increasing  the  normal  quantity  of  blood  by  80  per  cent.,  by  slow  transfusloa, 
does  no  damage.  Of  the  injected  plasma,  al)out  half  the  water  has  disappeared  from  the 
blood  within  two  hours;  the  remainder  leaves  more  slowly,  requiring  several  days.  The 
plasma  protein  also  disapmyirs  promptly;  and  increased  urea  excretion  indicates  that  it 
lias  been  metabolized.  The  injected  corpuscles  persist  much  longer,  the  normal  ratio 
being  restored  in  three  to  four  weeks.  He  therefore  concluded  tliat  the  usefuhmsof 
transfusion  is  due  solely  to  the  injected  corpuscles.  No  diilerences  were  found  between 
fresh  or  detibrinated  blood  and  blood  that  nad  been  kept  on  ice  for  a  day. 

These  observations  have  been  confu-med  by  the  modern  investigators.  For  iosttoct, 
Weinberger,  iqoS,  found  in  dogs  that  the  water  leaves  the  blood  vessels  vers*  rapiJI)' 
causing  diuresis,  but  not  nearly  as  great  as  with  NaCI  solution.  The  red  corpusdea 
can  thu.s  be  raised  temporarily  to  over  13,000,000;  hut  they  gradually  decline  durin? 
the  succeeding  da>'s.  The  specific  graxity  rises  still  more.  Animals  invariablv  die 
after  four  or  five  transfusions,  with  hemoglobinuria  and  nephritis.  The  injected  olooii 
probably  has  no  nutritive  value,  the  nitrogen  being  rapidly  elimliuted. 

The  transferred  corpuscles  persist  over  30  da>'s,  as  judged  by  the  a^^atsutina 
reaction  (Ashby,  igig). 

Transfusion  by  CitraUd  Blood. — This  is  discussed  under  Sodium  Citrate, 

Indii-dtions  for  Transfusion. — TTicsc  were  stated  by  Mueller:  excessive  hcmordajt^t 
carbon  monoxtd  poisoning;  and  some  chronic  anemias,  for  instance,  leukemia.  The* 
are  practically  the  modern  indications,  {i.f.  Ottcnbcrg  and  Libman,  1915). 

Trunsruston  is  also  used  to  overcome  the  hemorrliagic  tendencies  of  purpun  ^ 
similar  diseases. 

UREA 

Urea,  COfNHi)i,  is  an  effective  diuretic,  acting  probably  by  simple  osmosis.  h*J 
little  if  at  all  toxic. 

Hewlett  ft  ai.,  igi6,  find  that  the  administration  of  100  Gm.  of  urea  by  maul*' 
tn  man  increases  in  a  few  hours  the  blood  urea  to  160  to  345  mg  per  100  c  C  ;  *wl  ibi* 
this  is  accompanied  by  prostration,  apathy  and  somnolence.  These  5>Tnptoms«se»Mf 
those  occurring  in  pure  retention-uremia,  when  the  blood  urea  rises  to  roo  to  jooat 
per  100  c.c.  (However,  nephritis  may  not  show  any  uremic  symptoms  «ilh  J55  mjf 
McLean,  1917).  ^  , 

The  beneficial  effects  of  urea  on  perfusions  were  discussed  previously.  It  u  cotOtOT 
mainly  by  the  kidneys;  a  small  amount  also  by  the  sweat  (0.21  per  cent.*  KovcsI}<  "^ 
urea  content  of  the  milk  is  not  increased  by  urea  administration  (Stccnbocki  (9'^^ 
Urea  is  not  utilized  in  nutrition  (Henriquez  and  Anderson,  1Q14). 

Urea  occurs  as  colorless  crystals  of  cooling,  saline  taste,  freely  soluble  in  vpater^i'^lj 
soluble  in  alcohol  (1:7).     The  effective  diuretic  dose  would  be  30  to  40  Cm.  per  (U/- 


SACCHARUM  LACTIS  (MILK-SUGAR) 

This  also  produces  osmotic  effects.  Nine  to  15  Gm.  (3  to  4  dnims),iD  wann^^ 
hours  before  oreakfast,  causes  a  soft  stool.  Smaller  doses  (pure  or  as  milk)  wn^^'O'^ 
for  diuresis  (the  effective  dose  would  he  100  to  700  Cm.  per  day).  Milk-sugaf  »** 
used  to  facilitate  the  comminution  of  powders,  on  account  of  its  hardness.  It  '*''*fjj? 
employed  as  sweetening  agent,  especially  for  powders;  and  as  a  carbohydrst*  to*'' 
especially  for  infants. 


^^  POTASSIUM  SALTS 

General  Statement. — Potassium  is  widely  distributed  through  the 
body  and  is  essential  to  the  vital  functions.  It  acts  as  a  depressant  to 
practically  all  organs,  and  js  mut.ufl.lly  antagor^i^tic  with  >j^a. 

With  intravenous  or  hypodermic  injections,  the  ion-actions  manifest 
themselves  by  depression  of  the  heart  and  other  muscles,  and  of  the  cen- 
tral nervous  system.  These  effects  may  also  be  secured  from  toxic  doses 
by  mouth;  but  not  by  ordinary  doses,  since  the  rapid  excretion  prevents 
the  accumulation  of  excessive  potassium  in  the  tissues.  The  therapeutic 
use  of  potassium  as  cardiac  and  nervous  depressant  was  a  faulty  deduc- 
tion from  the  laboratory  experiments.  The  oral  administration  of  mod- 
erate quantities  of  potassium  has  practically  only  osmotic  effects — 
diuresis,  slight  changes  in  metabolism,  etc.  The  therapeutic  actions  of 
potassium  sails  are  therefore  attributable  to  their  anions,  and  are  prac- 
tically equivalent  to  the  corresponding  sodium  salts.  The  potassium 
salts  perhaps  produce  somewhat  more  local  irritation.  They  arc  con- 
traindicated  in  renal  insufficiency,  since  the  deficient  excretion  could  lead 
to  the  development  of  toxic  potassium  effects. 

Income  of  Potasahim. — The  daily  diet  of  man  contains  about  .i  to  4  Cm.  of  KjO 
and  5  to  8  Gm.  of  NasO;  but  there  are  great  variations.  A  vegetable  diet  contains 
relatively  more  K. 

Distribution  of  Potassium. — This  is  in  many  respects  converse  to  that  of  sodium. 
The  K  is  generally  more  abundant  within  the  cells;  the  Na  in  the  extracellular  juices, 
serum  and  lymph.  The  serum  of  all  mammals  contains  about  0.0.15  per  cent,  of  KjO  as 
against  0.44  per  cent,  of  Na-O.  The  percentage  in  the  blood  corpuscles  differs  marke^lly 
in  ditTerent  species,  iH-inj;  gentraily  inverse  to  the  percentage  of  Na.  The  corpuscles 
of  the  horse,  piff  and  rabbit  contain  o.j.^  to  0.52  per  rent,  of  KjO  and  no  NajO;  in  man, 
the  rado  of  KjO:NajO  b  0.4:0.075;  in  the  beef,  sheep  and  goat,  it  is  0.07:0.23;  in 
dogs  and  cats,  0.3:0.28.  In  the  K-ricb  animals,  the  dissolution  of  a  fifth  of  the  cor- 
puscles would  liberate  a  fata!  quantity  of  pntas«ium.  Muscle  fibers  also  contain  K, 
without  Na  {Fahr.  1Q12).  Macleod,  igo?,  found  that  the  juice  expressed  from  the  heart 
or  skeletal  muscle  prcwluces  a  tvpical  potassium  effect  on  the  heart. 

The  distribution  of  K  within  the  cells  has  been  investigated  by  A.  B.  Macallum, 
iqoy.  It  is  absent  from  the  nuclei  and  from  the  nerve  cells;  but  is  present  in  the  cy- 
l(>l>Usm  of  most  vegetable  and  animal  ceUs,  including  the  muscles,  the  nerve  fibers,  the 
granula  of  the  pancreatic  cells,  etc. 

Excretion. — A  considerable  part  of  the  potassium,  15  tp  ^5  per  cent.,  is  reiixcrcled 
in  the  feces.  The  urine  contains  generally  Na:K::3:i  to  5:3.  In  starvation,  the 
ratio  is  reversed  to  1:3. 

The  excretion  of  K  seems  to  be  hastened  by  the  addition  of  Na  (Biernacki,  191 1). 
A  few  experiments  by  lUumenfeldl,  1913,  indicate  that  the  excretion  of  administered 
potjusium  is  delayed  by  aortic  insufficiency,  iirtcriosclLTosis,  and  intestitial  nephritis. 

Influence  of  Excretion  on  Effect — The  cflect  of  potassium,  as  of  other  cathions, 
■vines  greatly  according  to  the  channel  of  introduction,  because  the  cxcretorj-  capacity 
ior  these  ions  is  usually  much  greater  than  the  rate  of  their  absorption  from  tlie  alimen' 
tary  canal.  Oral  administration  is  therefore  effective  only  if  very  large  doses  are  given; 
if  the  mucous  membranes  are  corroded,  or  if  the  excretion  is  checked,  as  by  ligation  of  the 
Judneys. 

The  inffucnce  of  excretion  is  well  illustrated  by  magntsium:  after  exci»on  of  the  kid- 
Bcys,  the  toxicit>*  is  increased  50  per  cent.,  and  the  action  is  more  lasting  and  cumulative. 
On  the  other  hand,  some  vicarious  channel  of  excretion  becomes  established,  so  that  the 
loucity  is  less  eighteen  hours  after  operating  than  it  is  immediately  ( Meltzer  and  I^ucas, 

The  toxicity  of  intravenous  KCI  is  diminished  byNaQ(Amberg  and  Helmhol2,i9i6). 
A  summary  of  the  excretion  of  saiis  is  given  by  HcfTtcr.  1003. 

Systemic  Actions,— The  etniral  nervous  system  is  paralyzed  b;^  K  in  its  whole  extent. 
reflex^  suffer,  tjjea  the  medulla.  Depression  of  the  respiratory  center  Ie:Lds  to 
vial  cunvulsionl.  Absence  or  increase  of  K  are  both  depressant  to  the  |>erfuscd 
rr<piratory  center  of  the  frog  (Hooker,  1913).  With  intravenous  injection,  the  most 
important  effect  is  the  cardiac  pmralysis. 
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Cardiac  Actions. — The  relations  of  K  to  the  other  ions  were  discussed  previc 
The  heart  is  stimulated  by  small,  fatigued  by  medium,  and  paralyzed  by  large, 
This  is  seen  even  in  the  nervc-frce  heart  of  the  chick's  embryo,  and  is  therefore  mi 
In  Langendorff  perfusions  of  the  excised  mammalian  heart,  increase  of  K  produces  ii 
tion,  followed  by  dbrillation.  Paralysis  occurs  when  the  concentration  in  the  bic 
reaches  0.08  per  cent.  (Hald,  1905).  Howell  and  Duke,  1908,  found  that  stimulation 
the  vagus  causes  an  increased  output  of  K  in  the  perfused  heart,  especially  the  auride 
They  attribute  the  vagus  stoppage  to  the  K  which  the  stimulation  of  the  nerve  is  assume 
to  convert  from  a  nnn-difiusible  to  a  diffusible  form. 

In  iniatt  inammjois^  the  effects  arc  somewhat  different  for  intravenous  and  art 
injections  (Mathison,  iQi  0 ;  fry  the  vein,  there  is  a  primary  fall  of  blood  pressure,  with  s 
alight  secondary  rise.  The  fait  is  due  to  cardiac  ctisturbancc,  dccreasea  output,  heart- 
block,  slowed  pulse,  tonus  changes,  sudden  systolic  standstill,  usually  before  the  res- 
piration stops.  Slow  continuous  injections  into  dogs  produce  slowine  and  weakening 
of  the  heart  by  central  vagus  stimulation;  for  if  the  vagi  are  divided,  inc  hear!  isquick- 
cned  and  strengthened,  and  often  shows  extrasystolcs.  The  direct  cardiac  action  of  tlie 
small  doses  is  therefore  stimulant.  Larger  doses  depress  the  heart  muscle  directly,  eveti 
vhen  the  vagi  are  divided.  Fatal  doses  produce  ventricular  and  eventually  auricuhr 
fibrillation  (Hering,  1Q15).  Arterial  injeUitm  causes  an  immediate  rise  of  blood  pres- 
sure, by  stimulation  of  the  vasomotor  center,  and  of  the  vessels  directly  (it  occur* even 
when  the  central  nen'ous  sj-stem  is  destroyed).  However,  the  vessels  of  frogs  are  di- 
lated by  perfusion  with  K(Hooker,  igii). 

Skeletal  Muscles. — K  weakens  the  muscles;  diminishes  the  height  of  contractiooi 
lengthens  the  latent  period;  and  decreases  the  conductivity  and  excitability  fF*hr, 
1910).     In  this  way,  potassium  counteracts  the  effects  of  veratrin. 

Meigs  and  Atwood,  igi6.  suggest  that  the  changes  occurring  on  the  immcruoadi' 
trog's  muscle  in  0.9  per  cent  KCl  may  be  evnlaincd  by  the  muscle-membrane  being  moffl| 
permeable  to  KCl  than  to  the  NaCl  and  KsHPO,  that  are  contained  in  the  muscle. 
KCl  and  water  would  therefore  difTusc  into  the  muscle-cell. 

Nerve. — Injection  of  K  suspends  the  conductiWty  of  nerve  and  pat£llti4tps  tbcaaes- 
ti^etir  effort  of-q^^pJn.  Na,  NH^  and  Mg  do  not  have  this  effect  fZt»rn,  191.1).  Injury, 
and  the  locii!  application  of  lipolytic  anesthetics  increases  the  concentration  of  K  ions 
in  meduUated  ner\'C  fibers.  This  may  play  a  part  in  the  anesthetic  effect  (Mentrn, 
1912). 

Use  as  Local  A  n«f/ie/k-.^Undcr  clinical  conditions  the  local  anesthetic  actioo  rf 

potassium  salts  is  almost  insignificant,  since  the  potassium  is  very  rapidly  absorbed  or 

neutralized"  by  other  ions  in  the  tissues  (Sollmann,  191 7).     However,  1  per  ccrL 

potassium  chlorid  may  be  used  in  place  of  normal  saline  for  the  dilution  of  the 

active  anesthetics. 

Potassium  Poisoning  in  Nephritis. — The  administration  of  c  to  ro  Gm.  of  KG 
(diluted)  usually  produces  no  symptoms.  e\'en  when  the  permealiility  to  NaCI  b  im- 
paired, as  in  chronic  nephritis.  Occasionally,  however,  a  nephritic  i>attent  may  dnrlflp 
severe  potassium  poiftf>ning,  as  in  a  case  described  by  SmUlie,  1915.  The  si.inptoitt 
started  after  seven  hours  and  reached  their  maximum  in  twenty-one  hours.  The'' 
consisted  of  cyanosis,  weak  pulse,  and  vomiting.  Rabbits  with  their  kidne%?s  reodrwl 
less  ptTmeable  by  uranium  nephritis  also  showetl  markedly  increased  susccntibilit}' 
to  potassium.  However,  \^ith  the  ordinary  potassium  income,  v.  Limbeck,  togs  ^ 
not  6nd  increase  of  K  in  the  blood  of  uremic  d^s. 

Potassium  in  the  Toxicity  of  Urine  and  in  Urexnia.—The  toxic  action  whirb  nrinc 
possesses  when  injected  intravenoush'  has  been  variously  attributed  to  the  Icucoinw'* 
to  toxins,  etc.,  and  at  one  lime  even  to  the  urea.  Various  theories  and  methods  d 
diagnosis  were  built  upon  the  variations  in  this  toxicity.  It  has,  however,  becnsbof* 
shown  that  about  85  per  cent,  of  the  toxicity  of  the  urine  is  due  simply  to  fB 
potassium  salts.  The  SNTnptoms  are  also  precfsely  those  of  the  latter.  Wial 
the  other  15  per  cent,  of  tne  toxicity  is  at  the  present  not  known.  Hanman,  ifltS- 
claims  to  have  isolated  from  normal  urine  a  cyclic  ketone,  "Urinod,"  which  is  qaJ** 
toxic,  and  produces  headache  in  small  doses — perhaps  through  its  disagreeable  od«f 

If  the  undiluted  urine  is  injected,  its  osmotic  pressure  also  contributes  10  ^Jx  ^y 
icity.  The  acidity,  volatile  produtls,  pigments,  and  urea  have  no  effect.  It  is  qui" 
probable  that  the  urine  contains  true  toxins  and  other  toxic  products  in  disease,  bfll  ^ 
method  has  so  far  been  deWsed  for  estimating  the  importance  of  these. 

The  conditions  are  still  more  complicated  in  uremia:  it  is  vcr>'  prob:^*-'"  •^■"'  'h'^ 
tcntion  of  potassium  and  ammonium  suits  and  the  increased  osmoti'  '  "* 

blood  contribute  to  the  effects,  but  there  seem  to  be  other  factors  whii.!  '^^ 

stood.     Foster,  1915,  has  isolated  some  unidentiSed  crystallixable  toxic  substancei  fn"" 
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the  blood  of  uremic  patients,  which  he  failed  to  find  in  normal  blood.     Further  investiga- 
tion is  needed. 

Hatcher  and  Smith,  1916,  found  that  the  intravenous  injection  of  urine  is  practically 
nontoxic  to  cats. 

PREPARATION 

Potassii  Chlofidum,  KCl. — Readily  sol.  in  water.     Dose,  i  to  3  Gm.  (15  to  30  gr.). 
Not  to  be  confused  with  the  toxic  chlorate! 


LITHIUM  SALTS 

General  Statement. — Lithium  urate  is  relatively  soluble.  By  a  mis- 
interpretation of  this  chemical  fact,  the  lithium  salts  were  introduced  as 
solvents  for  uric  acid;  and  hence  as  remedies  against  gout,  rheumatic  con- 
ditions, etc.  Since  the  soluble  urate  can  not  be  formed  in  the  presence  of 
sodium  or  potassium  ions,  it  can  not  exist  In  the  body  or  in  the  urine.  The 
uses  of  lithium  sails  therefore  have  no  rational  foundation,  and  they  may 
be  considered  inefficient,  and  in  larger  doses  somewhat  dangerous. 

The  action  of  this  cathion  resembles  potassium  quite  closely,  but  it  is  somewhat 
less  toxic  to  the  heart,  and  causes  a  vagus  stimulation.  These  effects  are  seen  only  on 
intravenous  injection.  A  most  important  difference  from  potassium  consists  m  a 
specific  gastroenUriiis  which  is  produced  even  when  the  salts  are  Riven  subcutaneously, 
or  if  the  administration  of  small  doses  is  continued  for  some  time  ( i  Cm.  of  the  carbonate 
in  man).  The  action  is  local,  thi-  lithium  being  largely  excreted  by  this  channel.  It  is 
also  excreted  by  the  kidneys,  but  does  not  cause  nephritis  (Krumhoff,  1884;  Good,  1902). 
It  is  also  excreted  in  the  milk  (Koldcwijn.  igioj. 

Acute  poisoning  £rom  larger  doses  in  man  (four  doses  of  2  Gm.  of  LtCl)  is  described 
by  Cleveland,  191J.  There  were  no  gastro-inlestinal  symptoms;  but  marked  muscular 
and  general  prostration;  vertigo;  and  eye  and  car  symptoms  resembling  cinchonism. 

Action  on  Urates. — Lipowitz,  1841,  found  thut  lithium  carbonate  is  a  better  st:>lvcnt 
for  uric  acid  (about  four  times)  than  sodium  carbonate.     He  suggested  its  therapeutic 
use,  and  this  was  introduced  by  Ure,  1S44.  and  Binswanger.  1847.     Garrod,   18G1, 
iound  that  gouty  tophi  were  dissolved  in  lithium  solution.     However,  the  solvent  ac- 
tion occurs  only  when   strong  solutions  of  lithium  carlmnnte  act  nn  uric  acid.     In 
the  presence  of  XH«,  \a  or  K,  the  less  soluble  urates  of  these  cathions  are  formed. 
The  solution  can  therefore  not  occur  under  the  conditions  of  the  body  or  urine  (see 
Index,    Urate   Solvents).     Lithium  salts  have  diuretic   actions   (Husemann),   but    no 
RTc&ter  than  the  Na  salts.     The  popular  "Lithia  waters"  have  been  shown  to   be 
practically  devoid  of  lithium.     The  best  contain  only  o.oi  to  0.02  per  cent.     "Buffalo 
Lithia  Water"  contains  only  a  fifth  as  much  lithium  as  Potomac  River  water;  300,000 
gtlloDS  woidd  be  needed  to  supply  the  ordinary  therapeutic  dose  of  lithium. 

PREPARATIONS— LITHIUM 

Uikii  Carbonas  (Lith.  Carb.),  U.S. P.,  B.P.,  LiiCOj.— Light,  white  powder;  odor- 
Ica;  alkaline  taste.  Sol.  in  water  (i  :  78);  almost  insol.  in  ale.  Dose,  0.5  Gm.,  8  gr., 
C.S.P.;  0.13  to  oj  Gm.,  2  to  s  gr.,  B.P. 

LUkii  Citras  (Lith.  Cit.).  U.S.P.,  B.P..  Li,CeHi07  +  4HjO."A  white  powder,  or  in 
jtnnular  form;  odorless;  cooling,  faintly  alkaline  taste.  Deliquescent.  Freely  sol. 
wi  witer  ( I  :  i .4);  very  slightly  sol.  in  ale.  Dos€,  0.5  Gm.,  8  gr.,  U.S.P.;  0.3  to 0,6  Gm,, 
S  to  10  gr.,  B.P. 

LUk.  Cil.  Ef.,  B.P.— 5  per  cent.    D^se,  4  to  8  Gm.,  i  to  i  drams,  B.P. 


RUBIDIUM  AND  CiESIUM 

These  also  resemble  potassium.  Rubidium  iodid  and  bromid  ha\x  been  introduced 
fato  therapeutics,  with  the  improbable  claim  that  they  produce  less  lodism  and  bromism. 
The  doses  are  the  same  as  ihnsc  of  the  potassium  salts. 

Cesium  or  rubidium  may  replace  potassium  in  the  excised  frog  heart  iZwaardcmaker, 
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AMMONIUM  COMPODTTOS 


General  Statement. — The  ammonium  ion  produces  rather  stronf 
stimulation  and  subsequent  paralysis  of  the  central  nervous  system,, 
especially  the  medulla.  The  systemic  effects  are  seen  only  with  intraven- 
ous administration,  because  the  ammonium  ion  is  rapidly  converted  into 
urea  and  excreted.    On  excised  muscles,  it  has  also  a  weak  curare  action. 

In  intact  animals,  the  effects  of  the  ammonium  compounds  are  strictly 
local.  They  diffuse  rather  rapidly,  and  thus  exert  considerable  salt  action, 
especially  irritation.  These  local  actions  increase  the  flow  of  mucus, 
which  is  also  rendered  more  fluid.  Ammonium  chlorid  is  therefore  used 
as  an  expectorant  in  the  first  (dry)  stage  of  acute  bronchitis  and  in  dry 
chronic  bronchitis.  It  is  also  somewhat  diaphoretic  (nauseant  action?). 
Large  doses  are  emetic.  Ammonium  acetate  has  been  employed  as  a 
weak  diaphoretic  and  diuretic  in  fevers,  but  is  probably  useless. 

Ammonium  hydroxid  and  carbonate  act  also  as  alkalies;  and  by  iltf 
liberation  of  the  volatile  and  (iiffusible  NHj,  their  action  extends  deeply. 
Their  vapor  is  used  to  produce  reflex  stimulation  of  the  medullary  centers 
(trigeminal  reflex),  in  collapse,  fainting,  etc.  When  too  concentrated, 
they  produce  laryngitis,  bronchitis  and  pneiunonia. 

Applied  to  the  skin,  ammonia  produces  rubefaclion,  and  if  concentrated 
and  confined,  vesication,  usually  without  corrosion.  It  is  used  in  com- 
bination with  oil  (ammonia  liniment)  for  counlerirritation  in  rheumatism. 
etc.    Ammonia  is  also  applied  to  insect  bites. 


( 


Expectorant  Action. — Ammonium  rhlorid  makes  the  sputum  subjecti\*ely  *']ooaa.'* 
easier  to  raise,  and  perhaps  more  abundant.  The  increased  secretion  of  mucus  uxl 
laiiva  is  mainly  a  retlex  irom  the  local  irritant  action,  although  there  may  be  some 
direct  central  stimulation  iV.  E.  Henderson,  1910).  The  liquefaction  of  the  munis 
may  be  due  partly  to  the  ammoniuni  ion,  partly  to  the  excretion  of  the  alkaline  un- 
monium  carlwnate  by  the  saliva.  This  excretion,  however,  is  quite  small,  since  Bcrt 
of  the  ammonium  is  destroyed  in  the  body.  Ammonium  chlorid  is  also  said  to  hive* 
primary  astringent  cfifect  on  the  mucous  membrane. 


( 


Administration. — Ammonium  chlorid  is  used  in  acute  and  chronic 
bronchitis  in  the  dose  of  0.3  Gm.,  5  gr.,  repeated  as  needed;  either  a* 
troches  (o.i  Gm.,  I^  gr.).  or  in  solution.  Its  disagreeable  taste  is  lesj 
noticeable  in  acid  mixtures  (syrup  of  cilrUacid).  Ammonium  carboDate 
(same  dose)  is  more  solvent  for  mucus,  but  rather  nauseant. 


When  It  15  desired  to  extend  the  direct  action  to  the  trachea  and  broncM,  Iheun* 
monium  may  be  administered  in  the  form  of  inhalation  of  ammonium  chlorid,  prodocol 
in  a  fineh  divided  stale  by  bringing  together  the  vapors  of  ammonia  and  hyorocWoric 
add. 

Bronchial  Secretion. — Ammonium  salts,  like  other  emetics,  increase  the  br>flcl>^ 
mucus,  even  when  they  are  placed  in  the  intestines;  but  by  this  method,  the  doscniitf* 
be  much  larger  than  therapeutic.  Ammonium  sails  produce  moderate  dilatioa  of  ex- 
cised bronchial  nius<:lc  fTrcndelenburR.  191 2). 

Absorption  and  Excretion  by  the  Lungs. — Magnus.  1902,  and  Brucini,  190;.  fott»J 
that  ammonia  is  neither  absorbed  nor  excreted  by  the  lungs;  but  Hoeber,  iqii,  *^ 
McGuigan,  1Q13,  claim  that  the  inhalation  increases  the  percentage  of  aramoniun is  ^ 
blood.  However,  this  insignificant  absorption  occurs  from  the  trachea  and  brnB**'' 
and  also  from  injured  alveoli  ( Magnus.  Sorgdragcr  and  l^uwen,  1014). 

W.  Coleman,  iqi6,  states  that  traces  of  ammonium  can  be  discTrncd  in  tbespu**? 
(not  in  the  saliva)  twelve  houre  after  discontinuing  small  doses  of  the  salts  14  P*° 
every  two  hours]. 
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Disintoxication  of  Ammonium. — Ammonium  is  i)artly  excreted  as  such 
y  the  urine;  but  the  greater  proportion  is  rapidly  converted  into  urea, 
ccording  to  the  formula: 

/NH4  /NH,      H,0 

B  co<       =co<       + 


NH4 


NH,     H,0 


Vo  molecules  of  water  are  split  off  from  the  ammonium  carbonate  and 
rea  remains.  This  liberates  the  acid  ion  with  which  the  NH4  was  com- 
ined:  this  will  seize  upon  the  free  fixed  alkali  of  the  body,  and  lead  to  a 
itninished  alkali  stock  of  the  tissues.  In  this  way  any  excess  of  am- 
lonium  introduced  into  the  body  is  very  soon  eliminated,  or  at  least 
sases  to  act  as  ammonium. 

The  transformation  of  ammonium  into  urea  is  much  more  complete  when  the  am- 
onhim  is  given  combined  with  organic  acids,  than  in  the  case  of  ils  inorganic  sails, 
r  with  the  latter,  a  part  of  the  ammonium  is  needed  to  help  in  the  neutralization  of 
c  anions  (Underbill;  Caldwell  and  Clotworlhy,  iqiO). 

There  is  similarly  a  fairly  definite  relation  between  the  ammonium  excretion,  the 
LCtion  of  the  urine,  and  acidosis  conditions  fHassclbalch,  1906). 

Ingested  ammonium  disappears  ven'  rapidly  from  the  circulation,  even  if  the 
Jneys  arc  ligated  (Jacobson.  19x4).  The  conversion  of  ammonium  carbonate  into 
SB.  IS  practically  complete  in  all  mammals.  Ammonium  chlorid  is  destroyed  more 
icicntly  by  herbivorous  animals  than  by  camivorx  or  man. 

In  man,  after  the  administration  of  5  Cm.  of  ammonium  chlorid,  53.5  per  cent,  were 
Mvercd  from  the  urine  in  1  days  (Wolf  and  Osterber^,  1912). 

Ammonium  in  Metabolism. — Arterial  blood  contams  normally  about  1.5  mg.  of 
B«  per  100  c.c.  Portal  blood  contains  from  3.5  to  8.5  mg.  (Carlson  and  Jacobson. 
lo).  Folin  and  Denis,  loi  2,  believe  that  the  excess  in  the  j>ortal  blood  comes  mainly 
nil  bacterial  changes  in  the  large  intestines.  The  ammonium  is  probably  a  normal 
rerunner  of  urea.     This  is  formed  from  ammonium  carbamate  by  the  subtraction  of 


■O: 


CO< 

X)(NH4) 


HtO 


•< 


NH, 

NH, 


Place  of  Urea  Formation. — The  transformation  of  ammonium  into  urea  occurs  in 
rrfuised  liver  fv.  Schrocder,  iSgj;  Fiske  and  Karsner,  191.O;  the  urea  may  also  be 
insidcrahly  higher  in  the  hepatic  than  in  the  portal  blood  (Van  Slyke,  CuUen  and 
IcLean,  1915).  The  liver  must  therefore  play  a  prominent  part  in  urea  formation, 
lowcver,  probably  all  organs  participate,  espcciklty  in  it*  formation  from  aminc^acids 
FoUn,  1914).  For  instance,  tne  amount  of  urea  in  the  tissues  or  blood,  after  the  in- 
ravenous  injection  of  amino-acids,  is  smaller  in  animals  with  the  liver  and  intestines 
xchided  from  the  circulation  (iMsicc  and  Sumner.  1914).  Jansen,  1915,  also  presents 
vklence  that  the  liver  has  a  considerable  role  in  the  formation  of  urea  from  omino-adds. 

Function  of  Ammonium  in  Neutrality  Regulation. — The  transforma- 
tion of  ammonium  into  urea  is  utilized  for  the  control  of  the  reaction  of 
the  body:  when  there  is  an  e:ccessive  formation  of  acid  (acidosis),  the  trans- 
formation is  less  complete,  the  acid  being  neutralized  by  the  ammonium 
^d  excreted  in  the  urine.  If  alkalies  are  administered,  the  ammonium 
■5  displaced  from  its  salts,  and  converted  more  completely,  so  that  none 
'Bay  appear  in  the  urine  (Janney,  1012).  The  ammonium-iuea  relation  of 
^c  urine  is  thus  an  index  of  the  acid  production  or  alkali  income. 

The  ammonium  excretion  is  therefore  high  in  diabetes  (Boussignault, 
'850),  where  a  tendency  to  acidosis  is  frequently  present. 

UtiUzation  of  Amfflonium  Nitrogen. — Grafe  and  Schupfer.  191 3.  claimed  that  am- 
**iiiunj  may  replace  the  protein  in  food.  This  was  confirmed  byKnoop.  t9r,^:Orafe, 
'?M.  and  others.  However,  ltd  ocs  not  prove  that  ammonium  is  converted  into  tissue 
'^^gcn.    It  is  more  probable  that  it  is  utilized  by  the  intestinal  bacteria,  and  that  these 
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are  then  digested  and  theirnitrogen  absorbed.     AccordinRly.  Hcnriquezand  Andersnn, 
1914.  found  no  retention  of  nitrogen  after  the  intravenous  injecuon  of  ammonium 
urea.     Taylor  and  Ringer,  1913,  did  observe  considerable  N  rclention  after  oral  admin 
tration  of  ammonium  carbonate.     However,  the  associated  changes  in  meubol 
indicate  that  the  retention  i$  due  to  a  toxic  action  of  the  ammonium,  rather  than  to 
utilization  (Undcrhill  and  Onldschmidt,  1913). 

AutointoxicatioD  by  Ammonia. — The  symptoms  of  uremia,  tetany  and  other  conv 
&ive  diseases  resemble  scAnewhat  the  picture  of  ammonium  poisoning.  It  has  thcfcfoiV 
been  suggested  that  these  conditions  arc  due  to  failure  of  the  liver  to  transform  the 
ammom'uro.  This  appears  unfounded.  There  is  no  evidence  that  the  ability  to  form 
urea  is  impaired,  except  perhaps  in  extreme  cases  of  liver  degeneration.  Fiske  and 
Karsner,  1914.  found  tne  ammonia  conversion  by  perfused  livers  unimpaired  after  acute 
hepatic  injur>'  by  chloroform,  phosphorus,  etc.  Even  if  the  ammonium  were  out 
destroyed,  the  eTcrctor>'  mechanism  of  the  kidne)'s  could  be  expected  to  remo\"e  the 
excess. 

In  fact,  the  ammonium  content  of  the  blood  has  not  been  found  increased  in  uremia 
or  in  acute  yellow  atrophy  of  the  liver.  An  increase  of  50  per  cent,  above  the  nomul' 
has  been  reixirled  after  complete  excision  of  the  thyroids  antl  parathyroidf;  (MacCalliua 
and  Voegtlin,  IQ09;  Berkeley  and  Beebe,  iqog);  and  the  ammonium  production  is 
increased  (Underbill  and  Saiki,  1908),  or  its  destruction  diminished  (Carlson  and  Jacob- 
son,  igio).  A  similar  increase  was  reported  in  clinical  tetany  (Musser  and  Goodmati. 
iQog).  There  is  also  a  dose  resemblance  between  the  a^'mptoms  of  tetany;  tboK  d 
animals  with  Eck*s  fistula  on  a  meat  diet  (Pawlow,  1892);  and  ammonium  poisooiog* 
Even  the  concentration  of  NH4  in  the  blood  required  to  produce  true  ammonium  tctaoyi 
(o.ooS  per  cent.,  Magnus,  et  aL,  1014)  seemed  very  similar  (Jacobson,  xgioj.  Howe\"ff 
the  later  work  of  Carlson  and  Jacobson,  iqi  i,  with  improved  methods,  showed  that  the 
increase  of  ammonium  is  not  constant  and  falls  within  the  variation  of  normal  animate 
so  that  even  these  conditions  can  not  yet  be  classed  as  ammonium  intoxications. 

McNeil  and  l^evy,  1917,  conclude  that  increase  of  blood  ammonium  above  1  iii( 
per  100  c.c.  which  occurs  in  various  diseases,  is  not  connected  with  acidosis,  but 
with  hepatic  disturbance,  especially  of  the  acute  functional  type. 


I 


Fig.  j8. — AmmoDium  chlorid,  intravenous.     Caruiid  pressure  ir- 


latravenous  Injection  of  Ammonium  Chlorid. — The  effects  vary  with  the  dose  tt 
the  rate  of  injcctlDn.  Marfori,  iSqi,  described  immediate  tremors  and  twitchi 
advancing  to  tetany,  violent  convulsions  and  upi:?tholonus;  irrepular  rcsplratn-r 
salivation  and  emesis;  somnolence  and  lassitude.  The  rcspiralian  shows  murariit*^* 
convulsive  inspiratory  standstill,  followed  by  increased  rate.  This  stimulation  occui* 
even  with  small  doses.  Blood- pressure  tracings  (Fig.  2S)  show  a  tc-iniwntr)*  f»Ili 
then  a  slow  but  more  lasting  rise;  with  slowed  rate  and  "vagus  pulse.*'  Tne  rale  tw/J 
be  quickened  during  the  convulsions.  These  effects  indicate  stimulation  of  the  ft^*^' 
tcry,  vasomotor,  and  vagus  centers.  If  the  injection  is  not  promptly  fatal  the  funclioi* 
recover  r.ipidly  (Mencguzzi,  191 2). 

Curare  Action. — This  is  much  weaker  than  with  the  organic  amrooniuai  b** 
(sec  Mus.carin). 

Plant  Tumors. — The  injection  of  ammonium  salts  and  a  number  of  other  suhsiaac* 
produce  tumor-like  cell  proliferations  in  plants  (E.  F.  Smith,  1917)-     They  are  protablT  1 
due  to  removal  of  growth  restraining  factors  by  lowering  of  surface  tension,  etc. 

Reflexes  from  the  Inhalation  of  Ammonia  Vapors. — Through  irriwtifD 
of  the  sensor^'  trigeminal  endings,  these  produce  momentary  standsuH. 
then  increase  of  respiration;  stimulation  of  the  vasomotor  center  \^ 
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of  blood  pressure);  and  vagus  slowing  of  the  pulse  (in  rabbits,  vagus 
slandstill). 

Use  for  Medullary  Stimulation. — Ammonia  is  one  of  the  most  effect- 
ive means  for  stimulating  the  medulla  reflcxly.  It  may  be  used  as  the 
aromatic  spirit  of  ammonia — 15  to  30  drops  in  a  tumbler  of  water;  or  as 
ammonium  carbonate — smelling  salts;  in  headache,  fainting,  collapse, 
excessive  anesthesia,  etc.  Care  must  be  used  so  that  the  unconscious 
patient  is  not  made  to  inhale  too  concentrated  a  vapor. 

Toxicology, — The  neutral  ammonium  salts  may  produce  gastritis. 
This  would  l)e  treated  by  dilution  and  evacuation.  Ammonia  and  the 
carbonate  produce  more  violent  irritation,  and  also  inilammaliun  of  the 
respiratory  passages.  The  mortality  of  ammonia  poisoning  is  therefore 
high.  If  the  patient  recovers  from  the  acute  effects,  pneumonia  may  set 
in;  or  the  hoarseness  or  aphonia  may  last  for  months.  The  treatmenl 
consists  in  artificial  respiration,  weak  acids  and  oils, 

PREPARATIONS — A^MMONITTM 

*Luj.  Amman.  Acet.,  U.S.P.,  B.P.  (Spirit  of  Mindcrerus).— 7  percent,  of  NH4C1H1O1, 
with  small  amounts  of  acetic  and  carbonic  acids.  Should  be  slightly  acid  Must 
be  recently  prepared.  Dose,  15  c.c,  4  drams,  U.S. P.;  S  to  24  c.c,  2  lo  6  drams.  B.P. 
'Ammonii  Carbonas  (.\mraon.  Carb.),  U.S.P.,  B.P.  (SaJi  Volatile,  Hartshorn,  Baker's 
Ammonia). — Consists  of  varying  proportions  of  a  mixture  of  acid  ammonium  car- 
bonate (NHiHCOj)  and  ammonium  carbamate  (N'H^XHjCOj).  For  medicinal  pur- 
poses, only  the  translucent  portions  are  used.  On  exposure  to  air,  it  becomes  a  p»owder, 
losing  NHji  and  COj;  and  changing  to  ammonium  bicarbonate,  NH^HCOj.  White, 
hard,  translucent,  striated  masses;  strongod  or  of  ammonium,  without  empyreuma; 
sharp,  saline  taste.  It  is  slowly  but  freely  sul.  in  water  (1:4),  the  carbamate  cbaagiDg 
to  normal  ammonium  carbonate.  It  is  decomposed  by  hot  water.  jUcohol  dissolves 
the  carbamate  and  leaves  the  carbonates.  Incompatible  with  acids  and  the  salts  of 
most  metaU  and  alkaloids.  Dose,  0.3  Gm.,  5  gr.,  t7.S.P.;  0.3  to  0.6  Gm.,  3  to  10  gr., 
B.P.;  diluted: 

*SpirUus  Ammofiia:  Aromaiicus  (Sp,  Ammoa.  Arm.)*  U.S.P.,  B.P,  (.\romatic  Am- 
monia).— A  solution  ot  ammonium  carljonatc  {^.4  per  cent.),  ammonia  water  (g  per 
cent.),  antf-»romatic  oils  (lemon,  lavender  and  nutmeg)  in  alcohol  of  about  60  per  cent. 
(U.S.P.).  The  composition  of  the  B.P  is  similar.  A  nearlycolorless  liquid  when  freshly 
prepared,  but  gradually  acquiring;  a  yeUowish  color.  Dose^  3  c.c,  30  minims,  U.S.P.; 
t.3  to  3.$  C.C,  30  to  40  minims,  repeated;  single,  4  to  6  cc.,  60  to  90  minims,  B.P.; 
largely  diluted. 

\Ammim.  Odor.,  U.S.P.,  B.P.  (Sal  .Ammoniac;  Salmiac).  NH.Cl.— While  cr>-stalline 
powder,  without  odor,  of  cooling  saline  taste.     Freely  sol.  in  water  (i:  2.&);  sol.  in  ale, 
(1:100);  freely  sol.  in  glyc  (1:8}.     Neutral  or  slightly  acid  to  litmus.     Incompatible 
mth  alkaline  hydroxids  or  carbonates  (liberation  of  ammonia);  precipitates  with  Ag 
U)d  Pb  salts.     Dose.  0.3  Gm.,  5  gr..  U.S.P.  (0.3  to  1.2  Gm..  5  to  20  gr..  B.P. 
Troch.  Amman.  Chhtr.,  U.S.P. — 0.1  Gm.,  flavored  witJi  Licorice  and  Tolu. 
*Aqua  Ammonitr  (Aq.  Ammon.).  U.S.P.;  Li<f.  Amman.,  B.P.;  Ammonia  Water. — 
CoQtains  about  10  per  cent,  (by  wciKhl)  of  ammonia  (NHi).     It  loses  strength  on  stand- 
ing.    Colorless  liquid  of  pungent  ammonia  odor  and  caustic  soapy  taste.     Freely  mis- 
able  with  water  and  alcohol.     InfompiiSibie  with  moat  metals  and  alkaloids.     Dou^ 
I  c,c,  16  minims.  U.S.P.;  largely  diluted. 

Aq.  Ammon.  Fortior.  U.S.P.;  contains  about  28  per  cent,  of  ammonia;  Liq.  Ammon. 
fortis,  B.P.,  about  32.5  per  cent. 

^Linimtntiim  Ammonia:  (Lin.  Ammon.),  U.S.P.,  B.P. — A  mixture  of  i  part  am- 
ttonia  water  and  3  parts  of  fatly  oil  (sesame,  U.S.P.;  almond  i,  olive  3,  B.P.). 

Lin.  Camph.  Ammon.,  B.P.  (Compound  Liniment  of  Camphor). — 12.5  per  cent,  of 
Camphor;  25  per  cent,  of  Stronger  Ammonia  in  alcoholic  solution  of  Lavender. 
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.    CLASSIFICATION  OF  EXPECTORANTS 

These  are  remedies  that  modify  expectoration  and  are  therefore  em- 
ployed in  the  treatment  of  coughs.  The  successive  stages  of  bronchitis 
present  different  indications^  which  are  met  by  the  various  classes  of 

ectorants. 
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The  act  of  coughing  is  a  coordinated  reflex  involving  the  respiratory  center,  and, 
resulting  in  the  sudden  and  violent  ejipulsion  of  air  from  the  lungs.     It  has  a  pbv'soloc 
function  in  the  removal  of  irritant  substances  or  of  accumulation  of  mucus  from 
respiratory  passages.    Like  other  reflexes,  however,  it  tends  to  persist  after  its 
has  ceased  to  be  active;  or  it  may  become  excessive.     In  either  case  it  will  requi 
treatment.     It  must  be  borne  in  mind  that  cough  is  merely  a  symptom,  and  wluleL 
may  be  treated  directly,  as  such,  no  treatment  can  be  of  permanent  benefit  unless  it  a| 
aUo  directed  against  the  original  cause,  if  this  is  still  in  ojwration.     This  cau!*e  lies 
commonly  in  the  respiratory  passages,  but  there  appear  to  be  other  conditions  wUcfc' 
may  give  rise  to  cougn,  or  wKich  at  least  may  help  in  its  production.     The  changes  pro- 
duced in  the  general  circulation  by  drugs  like  digU*iiis^  strychnin,  or  the  niiriUs  are  some- 
times   beneficial.     When    signs    of    disease    arc  present  in  other  organs  (d^'Spepsu. 
etc.).  these  should  receive  direct  treatment.     General  measures,  such  as  faxatives. 
diaphoretics,  antipyretics,  analgesics,  etc.,  must  be  used  as  the  indications  arise.    Kc 
moval  to  a  more  suitable  cUmate  is  often  advisable,  and  sometimes  necessary  in  chroaic 
bronchitis.     .\  dry  climate  is  chosen  if  the  secretion  is  profuse,  and  vice  versa. 

SEDATIVE  EXPECTORANTS 

These  are  used,  especially  in  the  early  stage  of  bronchitis,  to  soothe 
the  acute  intlammation,  mainly  by  stimulating  the  secretion  of  the  pn>- 
tective  mucus.  They  comprise  the  nauseant  expectorants,  espeoally 
ipecac  and  antimony;  more  rarely  apomorphin,  piiocarpin,  lobelia,  etc. 
(Senega,  although  a  nauseant,  is  generally  classed  as  a  stimulant  expec- 
torant.) With  the  sedative  expectorants  may  also  be  classed  the  demul- 
cent expectorants,  acacia,  syrup,  glycerin,  glycyrrhiza.  demulcent  herbs 
(species  pecloralcs,  breast-tea);  the  saline  expectorants,  ammonium 
chlorid  and  [wjlassium  iodid;  and  the  alkaline  expectorants,  ammonium 
carbonate,  sodium  bicarbonate  or  borate. 

These  saline  and  alkaline  expectorants  are  also  used  in  the  other  stagtt 
of  bronchitis,  whenever  the  mucus  requires  thinning.  The  demulcents 
are  useful  throughout. 

IRIUTANT  (STIMULAKT)  EXPECTORANTS 

These  are  employed  in  subacute  and  chronic  bronchitis,  to  irritate  ihf 
mucous  membrane  in  such  a  way  as  to  stimulate  repair.  They  lend  U» 
diminish  the  excessive  secretion  usually  present  in  these  later  stigc. 
They  are  represented  especially  by  the  aromatic  expectorants.  The  vol** 
tile  oils,  balsams  and  phenols,  especially  terpene  hydrate,  lerebene,  cubebi, 
santal,  balsam  of  Peru,  tolu,  and  styrax,  creosote  and  guaiacol.  tar.  ben* 
zoaies.  The  irritant  senega  and  squiU  are  also  classed  as  irritant  CJcpec* 
lorants.  Astringents  are  used  when  the  inflammation  involves  the  laryns 
or  pharynx. 

ANODYNE  EXPECTORANTS 

These  are  represented  mainly  by  the  opiates,  paregoric,  inorphiB' 
heroin,  and  especially  codein,  all  in  small  doses.  These  are  used  to  (if* 
press  the  excessive  cough  reflex,  especially  if  the  secretion  is  scanty,  w^ 
sboidd  not  be  employed  when  the  mucus  is  excessive.  They  appeif 
to  diminish  the  secretion,  presumably  because  the  delay  in  its  expulsK*'' 
permits  drying.  Hydroryanic  acid  was  used  in  coughs  to  stimulate  tV 
respiratory  center  and  perhaps  for  a  local  anodyne  action.  It  is  incfftctivt 
and  obsolete.    Small  doses  of  chloroform  are  also  employed. 

SIMPLIFICATION  OF  EXPECTORANTS 
The  great  number  of  expectorants  is  not  generally  needed.     ThcW* 
lowing  suffice  to  meet  the  conditions  in  the  most  effective  manner: 
Against  dry  congestion:  Syrup  Ipecac,  i  c.c;  or  Tartar  Emetics'"*' 
Against  thick  secretion:  Ammon.  Chlorid,  0.3  Gm.;  Kl,  0.25  Gtn. 
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^Against  excessive  thin  secretion:  Terpene  Hydrate,  0.15  Gm.  in 
capsules. 

Against  irritation:  Codein,  5  mg.;  Alkaline  gargles. 

EXPECTORANT  VEHICLES 

The  syrups  of  tolui  of  tar,  and  of  wild  cherry  contain  expectorant  constituents, 
but  their  quantity  is  so  small  that  they  act  merely  as  flavoring  vehicles.  The  syrups 
Df  glycyrrhiza  and  of  acacia  are  also  used. 


COUGH  MIXTURES 


^^hiesc  pol>'pharmacal  preparations  usually  contain  morphin  and  therefore  give 
relief;  but  since  they  can  not  meet  the  special  indications  of  the  different  stages,  they 
ihould  be  avoided.  The  "  Brown  Mixture/'  whose  activity  depends  on  antimony  and 
Bpmm,  is  One  of  the  best.     This,  and  a  few  otberB,  may  be  mentioned  as  il lustrations. 

IPBEPARy\T10NS — COUCH  MXXTURES 
*JfiJ(.  Glycyrr.  Co.— See  Index). 
Syr.  Sdl.  Co. — See  Index). 
pedes  Pectoraie^.    N.F. — Althiea,    Coltsfoot,   Glycyrrhiza,    Anise,   Mullein,   and 
I.     Used  as  infusion  i :  10  ad  libitum. 
Syrupus  Pini  Strain  Compositus,  Compound  S>Tup  of  White  Pine,  N.F, — White  Pine 
Bark,  Wild  Cherry,  .\ralia,  Gilead,  Sanguinaria,  Sassafras,  Chloroform.     Dose,  4  c.c, 
I  drain. 


CALCIUM  SALTS 

General  Statement. — The  insoluble  calcium  phosphate  and  carbonate 
serve  to  give  hardness  lo  the  bones  and  teeth.  Their  deficiency  is  one  of 
the  important  phenomena  of  rickets  and  osteomalacia.  Pathologic 
calcifications  of  arteries  and  other  tissues  are  phenomena  of  degeneration; 
their  mechanism  is  not  understood. 

The  soluble  Ca  ions  have  equally  important  functions.  They  are 
present  in  all  tissues,  and  appear  to  be  essential  lo  the  proper  permeability 
of  the  plasma  membrane.  Excess  of  Ca  is  depressant  to  most  nervous 
and  muscular  functions,  and  is  antagonistic  to  Mg  and  Na.  These 
systemic  actions  are  produced  only  on  excised  tissue  or  with  intravenous 
injection,  since  the  absorption  of  Ca  is  quite  slow.  It  has  been  tried, 
with  only  partial  success,  in  various  spasmodic  conditions. 

Acute  deficiency  of  Ca  produces  stimulation  of  these  structures,  most 
^conspicuously  of  the  central  ner\'ous  system.  This  is  seen  in  poisoning 
Dy  oxalates,  which  precipitate  Ca.  It  may  also  be  produced  by  the  intra- 
^"TOous  injection  of  citrates  or  tartrates  which  decrease  the  ionization  of 
Ca. 

Calcium  is  also  necessary  for  the  coagulation  of  blood  and  for  the 
I  fypical  clotting  of  milk.  Calcium  salts  have  therefore  been  administered 
I  la  hemorrhagic  conditions;  but  since  these  are  not  generally  due  to  de- 
fidtncj*  of  Ca,  it  is  questionable  whether  the  additional  Ca  has  any  effect. 
'  Calcium  seems  to  decrease  the  permeability  of  blood  and  lymph  ves- 
I  scls.  and  thereby  to  lessen  exudation.  It  has  been  used  with  some  success 
,  gainst  serum  rashes,  etc.  Calcium  carbonate  (chalk)  is  employed  in 
^rrheas  as  antacid  and  protective;  but  it  may  also  decrease  the  exudation 
[lifectly.  Lime-water  (solution  of  calcium  hydroxid)  is  added  to  milk  to 
Increase  its  alkalinity.  Calcium  oxid,  quicklime,  is  a  slowly  acting  caus- 
is  used,  as  also  the  hydroxid  or  slaked  lime,  as  disinfectant.  Cal- 
sulphate,  plaster  of  Paris,  is  imp>ortant  for  its  mechanical  properties. 


796 


MANUAL    OF   PHARMACOLOGY 


The  calcium  salts  are  also  used  for  the  actions  of  their  anions  (bromid, 
etc.).  They  arc  less  rapidly  absorbed,  and  perhaps  less  irritant  than  the 
corresponding  Na  salts. 

Distiibutioa  of  Ca  in  Cells. — Calcium  is  present  in  practically  all  cells  and  tissues. 
Only  a  few  of  the  lower  fungi  are  able  to  live  without  it.  O.  Locw,  iSgg,  claimed  that  it 
occurred  only  in  the  nuclei  and  not  in  the  cytoplasm  of  the  cells.  In  support  of  this, 
Hoerhammer,  IQ12,  found  it  absent  from  the  non-nucleated  red  blood  cells  (becft,  but 
present  in  the  nucleated  corpuscles  of  chickens.  However,  Macallum  has  adduced 
direct  microchcmic  evid<^nce  tnat  it  is  not  in  the  nuclei  proper,  but  in  the  nuclear  mem- 
brane and  cylupliusm. 

Calchxm  Income. — The  daily  requirement  for  man  has  been  estimated  as  a?  to 
1.5  Gm.  of  CaO  (y  parts  of  CaO  =  5  parts  of  Ca).  Ordinary  diets  contain  0.3  to  *■: 
Gm.  (according  to  Snerman  and  co-workers,  1910  and  1018,  American  diets  yield  only 
0.08  to  i.6g,  mean;  0.85,  Gm.).  It  is  therefore  conceivaole  that  the  income  may  «Jm^• 
times  be  deficient,  fj.,  in  pregnancy.  It  is  easily  increased  by  drinking  milk;  or  by 
diludng  the  table-salt  with  an  equal  amount  of  chalk  (McCollum,  iqiq). 

Only  a  part  of  the  calcium  is  absorbed;  Forslcr,  1SS5.  estimates  the  absorption  as 
about  60  per  cent.  It  is  stated  that  its  utilization  is  better  from  meats  than  Iron 
v^tables.  However,  the  calcium  of  carrots  and  spinach  is  said  not  to  be  as  well 
utilized  as  that  of  milk,  and  probably  has  no  advantage  over  inorganic  caldum  salu 
(McClugage  and  Mendel,  igi8}.  In  fact,  the  inorganic  calcium  salts  supply  tbenecd} 
as  well  as  natural  foods  (Osborne  and  Mendel,  IQ18). 

Calcium  in  Milk. — Adults  require  about  0.45  gram  of  calcium  per  day.  This  i* 
fully  supplied  by  a  pint  of  milk,  but  would  need  pounds  of  meat  or  cereals.  It  is  not 
generally  realized  tnat  milk  usually  contains  more  calcium  than  docs  lime  water 
(Sherman  et  al,  igiS). 

The  calcium  of  milk  seems  to  be  more  favorably  retained  than  calcium  UctalB 
(Givens  and  Mendel,  Wj)- 

Calcium  Excretion. — -This  is  autonrmtically  adjusted  to  the  income;  but  the  niinimuc) 
quantity  required  to  maintain  equilibrium  vanes  with  the  diet  (Kochmann,  19101. 

Nelson  and  Williams,  igi6,  found  the  average  daily  excretion  by  urine  and  feces  in 
man  to  total  0.43  to  1.02  Gm.  of  CaO  (all  ages,  unrestricted  diet).  0.15  10  0.5  Gm.  per 
day  arc  excreted  by  the  urine,  mainly  as  phosphate;  the  remainder  leave*  by  th«  fret*- 
It  is  believed  (E.  Voit,  1880)  that  a  part  of  the  fecal  Ca  is  absorbed  by  the  small  iales- 
tinea  and  rc-cxcreted  by  the  large.  The  administration  of  soluble  Mg  salts  iDCTCtsei 
the  urinar>'  excretion  of  Ca,  but  not  if  phosphates  arc  present  in  the  alimentary* cud 
(Hart  and  Stecnbock,  igra). 

In  human  urine,  either  Ca  or  Mg  may  predominate,  this  being  fairly  constant  for  the 
individual,  and  largely  independent  of  the  food  (Nelson  and  Burns,  rpift). 

With  hypodermii  injeriion  of  caldum,  a  large  part  is  excreted  promptly  by  iheuriae. 
a  small  proptjrtion  being  temporarily  retained.  The  intestines  do  not  aJwa>'»  paitici- 
pate  in  tne  excretion.     The  output  of  Mg  is  also  increased  (Mendel  and  Rentdiit.  i'/>: 

Calcium  Retention  and  Deficiency. — The  administration  of  Ca  (chlorid  or  Ucutt. 
several  grams  per  day)  increases  the  Ca  slock  of  the  tissues  and  blood,  even  in  wfll-W 
adults  (Voorhocve,  iqh  and  191 3). 

Lactation  depletes  the  Ca  stock,  in  cows,  even  when  Ca  is  added  to  the  food 
(Forbes  et  al.,  rgi?). 

Acidosis  on  Ca  Excretion. — The  Ca  excretion  is  said  to  be  increased  in  addosb,  »n^ 
in  cp^nephrin  glycosuria  (Underbill,  igi6). 

The  oral  administration  of  hydrochloric  acid  was  said  to  increase  the  urinary  exoe- 
tion  of  Ca  and  Mg  (Stchic,  1917).  However,  Givcns,  iqiS,  found  that  the  Caaiid)^( 
balance  is  not  materially  altered.  Alkalies  do  not  decrease  the  urinar>'  Ca  output  in 
human  diabetes  (Givens  and  Mendel,  191 7). 

Calcium  Contetit  of  Blood. — The  corpuscles  contain  very  little  calcium; 
so  that  there  is  a  marked  difference  between  the  calcium  content  uf  l*»c 
whole  blood  and  that  of  the  serum.  The  calcium  content  of  the  whole 
blood  therefore  does  not  permit  any  conclusions  as  to  calcium  metabolism- 
The  calcium  content  of  the  serum  or  plasma^  on  the  other  hand,  is  remark- 
ably uniform  (between  9  and  11  mg.  of  Ca  per  too  c.c;  Halverson  and 
Bergstein,  1917),  even  in  most  pathological  conditions  (Halverson  et  al., 
1917).  In  rickets  and  especially  in  infantile  tetany,  there  is  a  distinct, 
but  still  slight  decrease  (Howland  and  Marriott,  191^). 
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^Tn  cows,  Meigs  and  Blalherwick,  1Q17.  found  the  plasma  calcium  between  0.0086 
Uid  0.0114  per  cent.;  practically  unaffected  by  pregnancy,  lactation,  or  considerable 
Ranges  of  diet  (in  ver>"  young  calves,  however,  it  is  higher*  up  to  o.ii  per  ccnl^. 

Explanaiion  of  Constancy. — Halverson  et  al..  1917,  point  out  that  the  plasma  is  a 
practically  saturated  solution  of  calcium  bicarbonate.  The  caldum  content  could 
[hciefore  not  be  materially  increased;  whilst  any  loss  oC  caldum  would  be  made  good 
|>y  the  solution  of  calcium  from  the  bones. 

Calcium  Administration  on  Urine. — Calcium  probably  diminishes  the  permeabiUty 
>f  the  kidneys,  and  therefore  diuresis.  The  effect  is  not  great  with  ordinar>'  doses,  and 
probably  varies  with  conditions,  e.g.,  the  ratio  of  Ca  to  other  ions.  The  acidity  of  the 
irinc  is  diminished  ^ince  a  part  of  the  PO4  is  deflected  to  the  intestines.  This  has  been 
uxgested  as  pos&ibly  beneacial  in  gout  (v.  Noordeo,  i8q6),  but  the  results  are  question- 

The  effect  of  Ca  on  diuresis  is  discussed  hy  Porges  and  Pribram,  1908.  Perfusion  of 
[be  excised  kidne\'s  with  Ca  decreases  the  vein  and  ureter  flow  (SoUmann).  The  e.xcre- 
ion  of  CI  is  but  little  afl^ected  by  Ca  administration.  Jacoby  and  Eisner,  1913.  claim 
lome  decrease  by  Ca  in  human  nephritis;  also  decrease  of  water.  CI,  KI  and  N  excretion. 
rhey  state  that  it  lessens  greatly  the  excretion  of  sugar,  acetone  and  X  in  phlorbizin 
logs.  It  is  said  to  prcvxnt  the  uric  acid  increase  after  atophan  administration  (Abl» 
[9x3).  It  prevents  the  glycosuria  and  fever  of  NaCl  injections;  but  lar^e  doses  of 
^Os  may  themselves  produce  glycosuria  (Underhill  and  KJeiner.  1908).  Wright  and 
Itoss,  1905.  claimed  that  Ca  cures  orthostatic,  but  not  renal  albuminuria.  This  would 
iced  confirmation.  DUoner,  1916,  states  that  intravenous  injection  of  calcium  into 
■bbits  converts  a  subacute  uranium  nephritis  into  the  acute  form.  Calcium  phos- 
ihate  has  been  recommended  in  diaheUs  meUitus,  but  has  no  effect  even  in  the 
Dildest  cases  (Bruning.  1898). 

Calcium  in  Bone  Diseases. — Rachitis  and  osteomalacia  show  deficient 
'^  content  of  the  bone.  Somewhat  similar,  but  not  strictly  analogous 
Ganges,  are  produced  by  deficient  Ca  income  in  young  animals.  This 
luggesled  the  treatment  of  these  conditions  by  the  administration  of  lime 
aJts.  particularly  calcium  phosphate.  The  results  were  disappointing; 
loubtless  because  the  deficiency  is  not  in  the  income,  but  in  the  assimila- 
ion  of  the  Ca  by  the  blood  and  by  the  bone-forming  tissues. 

Caldum-poor  Diet — If  young  animals  are  fed  on  such  a  diet,  their  bone  formation  is 
iefcctive.  The  bones  contain  alxjut  the  normal  iwrcenlage  of  lime;  but  very  little  bone 
Is  laid  down,  and  this  is  thin,  pliable,  deformed  and  fragile  (E.  Voil,  1889).  It  contains 
more  water,  Na  and  K,  while  the  Mg  is  not  materially  increased.  However,  the  per- 
centages var>-  in  different  parts  of  the  skeleton.  The  animals  are  undersized,  with  poor 
appetite  and  defective  nutrition  fWciser,  1914). 

Mendel  and  Osborne.  191 7.  found  that  rats  require  considerable  calcium  and  phos- 
phate for  growth 

In  rabbits,  the  Ca  content  of  the  bones  is  increased  by  green  food,  diminished  bv 
exclusive  oat  diet  (Luithlen,  191J).  The  administration  of  sodium  oxalate  for  a  week 
diminishes  the  Ca  content  of  the  soft  tissues  before  it  affects  the  bones  (Sarvonat  and 
Roubier,  1911)-  If  this  diet  is  rich  in  magnesium,  the  bones  may  accumulate  double 
the  normal  Mg  content,  but  without  improving  the  skeletal  development. 

■*""'"itiR. — In  this  disease,  the  bone  is  even  excessive,  but  is  very  {>oor  in  ash.  as  low 

-half  the  normal,  and  especially  poor  in  calcium  phosphate.     The  cause  of  this 

Ition  is  in  controversy.      It  can  not  I>e  due  to  deficiency  of  Ca  in  the  food,  for  it 

irs  often  tn  bottle-fed  infants,  who  receive  plenty  of  Ca  (Stoeltzner,  1899).  ZweJ- 
U\,  1900,  assumed  defective  absorption  of  Ca,  but  without  good  evidence.  In  fact,  the 
absorption  and  e.Tcretion  of  Ca  seem  about  normal  (Kuedel,  189,}). 

Howland  and  ^farriott,  1917,  found  that  the  blood-plasma  shows  a  distinct  decrease 
from  the  average  of  1 1  mg.  of  Ca  per  c.c.  of  normal  infant  blood,  lo  lo  mg.  in  mild,  and 
9  mg.  in  severe  cases  of  rickets.  They  believe  that  the  retention  of  calcium  is  subnormal 
during  the  periods  of  exacerbation  of  the  disease^  and  that  a  better  caldum  retention 
occurs  during  the  periods  of  remission. 

However,  it  is  generally  assumed  that  there  is  defective  assimilation  by  the  bones. 
The  bone  changes  arc  probably  a  mere  incidental  phenomenon  of  the  constitutional 
disturbance.  Pfaundler.  u)04,  suggested  a  change  in  the  absorption  of  Ca  salts  by  the 
bone-matrix;  but  this  is  h>T>nthetical.  Sabbatani  and  Salvioli,  1912,  investigated  the 
precipitation  of  calcium  carbonate  in  the  presence  of  colloids. 
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The  cause  of  rachitis  bcini?  deficient  assimilation  and  not  deficient  income  of  Ca,  very 
little  could  be  expected  from  the  administration  of  Ca  salts.  This  is  als«»  the  verdict 
of  clinical  experience  (M.  Klotz.  1915). 

Osteomalacia. — In  this  disease,  the  bone  contains  but  20  to  40  pex  cent.,  instead  of 
the  normal  56  to  60  per  cent,  of  inorganic  salts,  their  place  being  taken  by  new  formnl 
osteoid  tissue.  The  condition  is  also  not  ascribable  to  deficient  Ca  income,  but  to 
excessive  destruction  of  bone  tissue.  Limbeck.  1894,  found  the  excretion  of  Ci, 
especially  by  the  intestines,  to  exceed  the  income.  Neumann,  j8o6,  also  found  the  «i- 
CTction  high,  especially  in  the  early  stages,  when  the  Ca  of  the  bones  is  still  high.  The 
later  stages  may  show  retention. 

Infantile  Scurvy, — There  is  a  decided  decrease  of  blood  calcium^  although  not  is 
much  as  in  rickets.  This  is  associated  with  slight  acidosis.  There  is  no  tendency  to 
tetany  (A.  F.  Hess,  1919). 

Momczcwski,  T900,  claims  considerable  Iom  of  Ca  in  pernicious  aneraifl. 

Diabetes. — Kahn  and  Kahn,  1015  and  1916,  find  that  diabetic  patients  have  & 
negative  calcium  balance.  They  claim  that  the  intravenous  injection  of  caJdum,  in 
dialjetic  patients,  produces  marked  decrease  of  glucose  excretion,  gradual  decline  of  tbt 
glycemiu.  diminished  unne  output,  and  relief  of  symptoms;  and  that  it  appears  to  pre- 
vent the  development  of  acidosis.  They  inject  cautiously  an  m/8  solution  of  CaCU 
in  normal  wilinc-.  from  15  c.c.  upward. 

Phlorhizin  Diabetes. — Jacooy  and  Rosenbloom,  1915^  state  that  large  doso  of 
calcium  diminish  the  excretion  of  sugar,  nitrogen  and  acetone.  The  blood-sugar  is  aiw 
lowered,  so  that  presumably  the  production  of  sugar  is  diminished. 

Calcitun  Therapy  in  Phthisis. — This  was  recommended  by  Fourcroy,  17S3.  It  hi» 
been  tried  repeatedly,  on  the  assumption  that  phthisis  is  accompanied  by  excessive 
excretion  of  calcium.  This  has  been  affirmed  by  some  competent  observers,  but  does 
not  unpeur  to  \x  an  invariable  phenomenon  (Kahn,  IQ14).  Mohlerand  Bergcim,  191;, 
found  no  characteristic  changes. 

The  clinical  reports  are  too  discordant  to  justify  faith  in  this  treatment- 

InUstituii  Tuberculosis. — The  intravenous  injection  of  5  c.c.  of  5  per  cent,  calcium 
chlorid  was  introduce*!  by  Saxtorph,  1918.  According  to  Fishberg.  1919.  it  relieves 
the  diarrhea  and  pain  in  minor  grades.  It  is  ineffective  in  the  severer  grades,  aadii 
at  best  only  palliative. 

Reproduction.— Emmerich  and  LfOcw.  1915,  observed  that  administration  of  cakiura 
to  female  mice,  guinea  pigs  and  rabbits  was  followed  by  increased  number  of  psegnanoa 
and  hiphcr  avcrape  ot  the  feti. 

Degenerative  Calcification. — This  is  a  common  pathologic  process,  especiaily  ia 
connective  tissue. 

The  calcified  areas  arc  generally  dead  (except  those  that  have  the  structure  of  booe}. 
The  lime  deposits  in  the  dead  tissue  have  usually  the  same  proportion  of  time  salt5U 
bone,  alx>ut  87  per  cent,  of  phosphate,  and  10  to  15  per  cent,  of  carbonate. 

The  mechanism  of  cAlcification  is  not  understood.  Koltz,  1905,  believed  that  il 
starts  with  fatty  degeneration,  die  fats  and  proteins  forming  soaps,  and  these  naasiiu: 
into  Ca  soaps,  and  finally  into  inorganic  Ca  com|>ounds.  Klotr  and  Both  well.  rgi?. 
describe  fatty  changes  and  deposition  of  calcium  salts,  especially  in  the  CApUkry 
endothelium  of  the  lungs  of  raboits  injected  intravenously  with  olive  oil  or  cbolestexiD 
However,  this  theory  seems  disproved  by  the  experiments  of  Wells,  1906,  and  csptdiS^ 
of  Baldauf,  IQ07. 

Wells  found  that  certain  substances,  including  dead  cartilage,  when  introduced  into 
the  tissue  of  rabbits,  accumulated  rather  large  quantities  of  calcium  indicating  a  direct 
physical  or  chemical  affinity.  He  believes  that  the  calcium  exists  in  the  blood, as* 
nearly  saturated  solution  of  an  unstable  double  salt  nf  calcium  bicarbonate  and  diol- 
cium  phosphate;  and  that  is  precipitated  from  this  solution  if  the  COj  tension  t&  reduced. 

Caicifird  .'!f(*T(«.— MacCordick,  1Q13,  finds  the  rigidity  of  calcified  arteries  diffcirct 
during  life  than  after  death,  and  thcreli)rf  suggests  that  the  Ca  is  in  scilution  dunos 
life,  and  defjosits  in  the  plaques  ;ifter  death. 

Intravenous  Injection  of  Calcium  Salts. — This  towers  the  blood  pressure;  panl^ 
the  heart  and  respiration;  arrests  diuresis  and  peristalsis,  etc.  HyiK>demiic  injectwM 
have  similar,  but  much  weaker  and  slower  actions.  Animals  die  of  central  panK'jij 
a  few  daj-s  ailer  the  hypodermic  injection  of  0.3  to  0.4  Gm.  CaClj  per  kilogram.  *>^ 
administration  does  not  prwlucg  these  systemic  effects. 

Respiration  of  Mammals.— Schlick,  1911,  described  apparent  stimulation  in  aMs- 
Iht'tizcd  animals.  HutTner,  1913,  linds  that  this  is  indirect,  due  to  failure  of  circulation 
from  cardiac  depression.  The  direct  action  is  respiratory  depression,  which  may  ht 
the  cause  of  death. 
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Perfused  Respiralory  Center  of  Frogs. — This  was  depressed  by  decrease  of  Ca, 

stimulated  by  absence  or  excess  of  Ca  (Hooker,  1913). 

CircttUtioii. — Small  doses,  intravenously,  sometimes  increase  the  blood  pressure  and 
heart  rate  slightly,  by  brief  depression  of  the  vagi;  larger  doses  paralyze  tiic  vagi,  but 
diminish  the  heart  rate  and  blood  pressure,  by  a  mixed  effect  on  the  cardiac  muscles 
and  ner\-e5  (Cazzola,  1913)-  The  small  dose*  may  considerably  increase  the  output  of 
the  heart  without  changing  the  rate,  i.e.,  by  increasing  the  amplitude  (Rothbcrger  and 
Winlcrberg,  1012). 

Calcium  on  Heart  Muscle. — On  the  excised  heart,  Ca  has  a  restraining  action,  an- 
tagonistic to  Na;  but  complete  absence  of  Ca  rapidly  abolishes  rhythmic  contractility. 
Absence  of  Ca  also  removes  the  rhythmic  activity  of  other  striped  and  unstriped  muscle; 
and  these  reappear  when  Ca  is  added  (bu)gia,  191 1).  The  effects  arc  so  rapid  as  to 
suggest  that  tney  must  be  exerted  on  the  plasma  membrane. 

Other  Earthy  Metals. — Ba,  Sr,  Ca  and  radium  emanations  act  identically  on  the 
isolated  frog  heart,  the  activity  decreasing  from  barium  in  the  above  order.  Low  con- 
centrations increase  the  diastole,  to  diastolic  standstill.  Higher  concentrations  in- 
crease the  systole  ti>  syi^tolic  standstill  (Kionk'a,  1914). 

Cardiac  Vagus. — The  presence  of  Ca  is  necessary  for  the  inhtbitorj*  activity  of  the 
\*agus  (Schifl;  Busquet  and  Pachoa,  1909);  but  apparently  not  for  muscarin  (O.  Locwi, 
igw)- 

However,  contradictory  results  are  often  obtained,  the  effects  evidently  being  influ- 
enced by  conditions.  Thus,  Brine,  1017  finds,  contrary-  to  the  former  workers,  that 
calcium  free  solutions,  or  those  [x>or  in  Calcium,  do  not  interfere  with  the  vagus 
excitability  (inhibition  in  the  perfused  turtle  heart). 

A  somewhat  smaller  concentration  of  Ca  suflices  in  the  presence  of  K  (Hagan  and 
Ormond,  191^).  .\  moderate  decrease  of  Ca  increases  the  excitability  of  the  vagus; 
excess  of  Ca  diminishes  the  excitability  (Cazzola,  lO'j)-  Similar  phenomena  are 
observed  with  the  pelvic  and  chorda  tympani  nen'es  (O.  Loewi,  1912).  Increase  of 
Ca  aUo  restores  the  initability  of  the  vagus  when  this  has  been  depressed  by  Mg  (Auer 
and  Meltzer,  1909;. 

In  complete  heart-block  injections  of  calcium  (or  barium)  produce  attacks  of  tern- 
porarj' arrhythmia  and  ventricular  tachycardia,  increasing  to  iibrillation.  These  attacks 
may  be  preceded  by  groups  of  powerful  and  rajwd  bents.  The  auricles  are  affected  in 
the  same  sense,  but  not  as  greatly.     The  blood  pressure  rises  {Van  Egmond,  1913). 

Calcium  Defuiency  on  Cardiac  Druis. — In  perfused  frog  hearts,  absence  of  calcium 
from  the  perfusing  fluid  docsnot  appear  to  interfere  with  the  t>-pical  action  of  cpinephrin, 
agancin,  saponin,  strophanthin  or  veratrin. 

Blood  Vessels. — Hooker,  1911,  found  that  Ca  perfusion  dilates  the  vessels  of  the 
frog.  R.  G.  Pearcc,  1913,  found  Ca  necessar>'  to  the  vasoconstrictor  action  of  epi- 
oephrin  in  perfused  frogs;  epinephrin  in  NaCl  producing  vasodilation.  Ca  was  not 
necessary  to  the  vascular  effects  of  rurarc,  ergot,  or  barium.  The  conditions  seem  to  be 
fevcrsed  in  mammals,  for  Cow,  1911.  found  that  the  sensitiveness  of  arterial  rings  to 
cpinephrin  and  ultuitary  was  increased  by  absence  of  Ca;  the  reaction  to  barium  was 
again  unaffected. 

Striped  and  Smooth  Muscle. — The  rhythmic  contmctions,  which  are  started  in 
jJuJeuU  miiicU  wlion  immersed  in  NaCl  solution  are  abolished  by  Ca  (Sidney  Ringer, 
1883).  Calcium  also  has  a  curare  action  (Joseph  and  Meltzer,  1911).  Excised  bron- 
chial muscle  is  constricted  by  Ca  or  Sr.  though  less  than  by  Ba  (Trendelenburg,  1912). 
Calcium  arrests  pituitar>'  asthma  (Ka^^ser,  1914). 

PupiL — Auer  and  Meltzer,  iqoq,  observed  that  the  intravenous  injection  of  Ca  pro- 
duces a  maximal  miosis,  in  which  the  pupil  is  irresponsive  to  sympathetic  stimulation. 
The  simultaneous  exhibition  of  other  drugs  shows  interesting  complex  phcnnmcna. 
The  miotic  action  appears  to  be  due  mainly  to  direct  stimulation  of  the  sphincter 
muscle  fibers,  and  probably  also  of  their  ncrvc-endings,  supported  by  diminisned  irri- 
tability of  the  peripheral  sympathetic  mechanism. 

Antagonism  of  Ca  and  Mg. — I'his  was  discussed  on  page  748.  It  should  l>e  remcm* 
bercd  that  the  actions  of  Ca  arc  conditioned  on  the  ratio  of  other  ions.  Thus,  the  in- 
IravenoUb  injection  of  Ca  whidi  is  depressant  to  normal  animals,  causes  recovery  of 
an  animal  anesthetized  with  Mg.  Strontium  does  not  have  this  effect  (Meltzer, 
Ipoo'i. 

The  Nature  of  Calcium  Action  and  Antagonism.— This  was  discussed  on  page  748. 

Inactivation  of  Calcium. — The  Ca  in  the  body-fluids,  and  presumably  in  the  cells, 
can  be  rendered  inactive  by  the  introduction  of  precipitant  anions,  such  as  the  oxalates 
or  fluoridi>i  or  by  decreasing  its  ionization  with  citrates  or  Lartratcs  (Sabbatani,  1901  and 
1^2).  In  the  isolated  heart,  the  toxicity  is  greatest  for  citrate,  then  oxalate,  then 
tartrate  (Salant  and  Hechl,  1914).     In  cither  case,  t^e  inactivation  produces  the  op- 
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posite  effects  from  Ca,  viz..  excessive  stimulation,  coavulsionB,  hypersensiti' 
of  the  autonomic  ner\-es,  and  rhythmic  contractions.  Similar  effects  htc  seen  in  in 
dons  by  adds,  As,  Hg  or  chlorates,  which  probably  all  diminish  the  Ca  content  ( 
and  Kroehiich,  igii).  These  effects  may  be  promptiv  removed  by  the  addition  of 
and  less  efficiently  by  Sr  and  Mg  (Starkenstein,  1914);  but  not  by  other  cathions. 
even  by  those  (Ba.  etc.)  which  precipitate  the  oxalate.  The  stimulation  is  therefore 
not  due  to  the  o.\alate,  etc.,  as  such,  but  to  the  inactivation  of  the  Ca.  This  is  confinrnl 
by  the  observation  that  equimolecular  solutions  of  the  different  inactix'ators  hdw 
practically  equivalent  effects  (Starkenstein). 

Salant  and  Hecht,  1914,  describe  some  observations  which  they  consider  to  contraditt 
this  explanation.  They  And  in  perfusion  of  the  isolated  heart  that  calcium  citrstc  or 
tartrate  solutions  act  practically  the  same  as  equimolecular  calcium  chlorid.  This 
however,  need  onl^  mean  that  the  citrate,  when  already  bound  to  calcium,  does  not 
disturb  the  ionization  of  the  calcium  in  the  tissues. 

Calcium  PrecipiUinis  on  Brain. — Direct  application  of  calcium  precipitants  to  the 
cerebrum  stimulates  the  white  matter,  and  increases  tlie  excitability  of  the  gray  matter 
to  electric  stimulation  (Maxwell,  1906).* 

Use  of  Calcium  in  Convulsions. — The  depressant  action  of  calcium  suggests  its  use 
in  strychnin  poisoning,  but  Fischer  (1904)  found  it  incffecti\x.  Zanda  (1Q02)  obtaiii«t 
belter  results  by  duml  injection;  but  the  effeclivc  dose  was  so  large  as  to  be  it<^f  danger- 
ous. Januschke  and  MassJow.  1914,  conclude  that  even  large  doses  of  calcium  ha\t  no 
direct  inhibitory  effect  on  experimental  convulsions,  whether  cerebral,  medullary  or 
spinal.  The  apparently  successful  results  of  JiinuschUe,  1913,  and  presumably  tho« 
oT  Yofii,  191J,  and  other  workers,  are  attributed  to  delayed  alteoqjtion  of  the  h>'podcrTQi< 
injections  of  the  convulsanls.  which  results  from  previous  calcium  treatment. 

Parathyroid  Tetany. — Netter,  1907,  reported  success  from  calcium -chlorid  adminis- 
tration in  tetany.  This  has  been  confirme*!  for  gastric  tetany  by  Kinnicutt,  1909, 
and  for  parathyroid  tetany  by  W.  G.  MacCallum  and  Vocgtlin.  190.S;  Cartsoo  and 
Jacobson,  1910,  and  others.  MacCallum  and  X'oegtlin  believed  that  the  parathyioidi 
control  the  retention  of  Ca;  that  their  loss  resulted  in  a  diminished  Ca  content,  espe- 
cially of  the  brain;  and  that  the  administration  of  Ca  replaced  this  deticiency.  Ho* 
ever,  others  could  not  hnd  any  diminution  of  the  Ca  (Cooke.  1910);  and  the  Ca  adminJi' 
tration  probably  acts  only  by  lessening  the  nervous  irritability. 

Marine,  1914,  found  that  the  parathyroid  hyperplasia,  which  is  produced  in  fowl  by 
a  diet  of  maize  and  wheat,  is  retarded  by  feeding  calcium,  accelerated  by  sulphuric  icki 
or  neutral  sulphur. 

Infantile  Tetany. — Gocppcrt  claims  suppression  of  the  frequent  con\'ulsions  b> 
calcium  chlorid.  8  to  14  Cm.  daily,  in  doses  01  1.5  to  2  Gm.  The  administration  mas' 
be  continuous,  for  spasms  reappear  if  it  is  discontinued  for  twelve  hours  (M.  Ktotz.  t«;!5l 

The  results  would  be  c.Tpfaincd  by  the  obser\'ation  of  Howland  and  Marriott,  igr 
that  the  Ca  content  of  the  plasma  is  always  lowered  in  tliis  disease;  convulsions  ijt^xir 
ing  generally  when  the  content  is  half  the  normal.  The  oral  administration  oi  Cj 
increases  the  percentage  in  the  blood  (from  a  mean  of  5.45  mg.  per  100  cc.  oJ  plumi 
to  8.45  mg.).  and  arrests  the  convulsions.  Gruenfelder,  igiji,  reports  that  X^xyv^ 
UMLsm  and  tetany  are  controlled  more  promptly  by  calcium  bromid  {1  Gmu  per  dtj^ 
than  by  NaBr. 

In  guanidin  Uiany^  Watanabe,  191S,  claims  that  the  blood  scrum  contains  about  tlK 
normal  amount  of  calcium;  but  that  the  phosphate  content  Ls  markedly  increased. 

Control  of  Inflaimnations  by  Calcitim. — Ca  salts,  even  when  adminis- 
tered systematically,  seem  to  lessen  the  inflammatory  phenomena.  v\^- 
cially  the  tendency  to  efTusion.  This  is  presumably  due  to  decreased  [  cr 
meability  of  the  vessel  walls,  analogous  to  the  effects  of  Ca  oa  other  cells. 

Effect  of  Calcium  on  Effusions. — R.  Chiari  and  Januschke,  1910  and  igii,  found 
that  the  h>7x>dcrmic  injection  of  Ca  prevents  the  pleural  effusion  which  ordinarily  oi.- 
curs  after  fatal  dose*  of  Nal,  diphtheria  toxin,  tliio&inamin,  etc.  It  also  preventro  tj» 
inflammatory  edema  of  the  conjunctiva  after  oil  of  mustard  or  abrin;  and  the  irritjtiffl 
of  the  skin  by  croton  oil  (I-uithlen,  1913).  It  has  been  found  similarly  useful  in  variooi 
skin  rashes.  Some  of  these  results  were  contradicted  by  Levy,  igi  i  and  1914.  but  coo- 
firmed  by  Leo,  1911.  The  effect  of  a  dose  lasts  about  a  day.  Fleisher.  Ho^-t  stH  I- 
Loeb.  1909,  also  found  that  CaClr,  intravenously,  decreases  the  elimirr 
saline  fluids,  not  only  by  the  kidne>'s,  but  to  a  lesser  extent  also  by  \ 
also  cau!>es  some  depression  of  intestinal  absorption.  On  the  other  hano.  u  \r 
the  tendency  to  peritoneal  and  Dulmonary  transudation.    This  is  only  panl> 
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Terence  with  Ihc  kidney-  function,  for  the  ascitic  tendency  is  exaggerated  by  Ca 
even  after  nephrectomy.  Calcium  has  also  been  ftjund  unsuccessful  in  clinical  serous 
effusions.  Velden,  1913,  suggests  Ihat  it  lessens  the  absoq>tion  of  the  ascites  more  Ihaa 
its  formation. 

Yanagawa,  I9i6»  did  not  obtain  any  efTect  on  the  lympJhJlou*;  but  his  observations 
were  restricted  to  very  acute  chanfics. 

MeGhaoism  of  the  Antiedeznic  Action.~Luff,  1909,  attributed  the  effect  of  Ca  to 
increased  coagulability  of  the  blood.  However,  Chiari  and  Januschke  found  il  effect- 
ive even  when  the  blood  was  kept  non-coaRuIable  by  hirudin.  They  sugKCst  that  the 
Ca  ha«  a  precipitant  ctTccl  on  the  cement  substance  of  the  endothelium-  hut  more  prob- 
ably, the  permeability  of  all  the  cells  is  decreased.  Deltjen  (1Q04)  has  obscr\'ed  that 
small  traces  of  calcium,  strontium,  barium,  and  magnesium  lessen  the  solvent  action  of 
distUled  water  on  cells.  Herbst  found  that  sea-urcnin  o\'n  swell  when  Ca  is  removed, 
and  shrinlc  when  it  is  added.  Ostcrhout,  igi  i  and  iqi  3,  showed  that  CaClj  prevents  the 
entrance  of  NaCI  into  spirogyra  filaments,  and  that  it  renders  the  plasma  membrane  of 
kelp  (laminaria)  impermeable.  PfeiTer,  1877,  stated  that  calcium  phosphate  forms 
semipermeable  membranes.  These  have  been  investigated  in  further  detail  by  Meigs, 
1915.  The  changes  in  the  appearance  of  fluorescein  in  the  anterior  chamber  of  the  eye 
also  indiciLte  decreased  permeability  (G.  Rosenow,  iqi6). 

The  emulsion  experiments  of  Clowes,  1916,  offer  a  possible  explanation  of  the 
dimini&hcd  permeability  fset  Emulsions,  Index). 

Pha^ocytoais  may  also  play  a  part.  H.  J.  Hamburger,  1910,  found  that  therapeutic 
quantities,  hxTKidcmiically  or  by  mouth,  increase  the  ameboid  movements  of  the  teu- 
cocytes,  and  tncrcfore  chemotaxis  and  phagocj'tosis. 

This  holds  true  for  the  leucocytes  of  rabbits  as  well  as  horses  (de  Haan,  1918);  for 
bacteria  as  well  as  carbon.  It  requires  the  presence  of  scrum,  and  the  favorable  con- 
centration has  a  narrow  range,  which  varies  with  conditions  and  for  different  organisms 
(Redden.  191K). 

On  the  other  hand,  Ikeda,  IQ16,  reports  the  migration  of  leucocytes  from  inflamed 
frog's  mesenter>'.  as  inhibilcd  by  calcium  chlorid. 

Peripheral  Anesthetics  on  Inflammation. — Januschke,  1913*  finds  that  the  mustard 
chemosis  can  also  be  checked  by  all  drugs  which  paralyze  the  scnsorj'  trigeminal  end- 
^ings;  anH  this  independently  of  the  central  nervous  system. 

'  Use  of  Calcium  in  Skin  Rashes,  Catarrhs,  Etc. — Wright,  1896,  found 
that  the  administration  of  calcium  chlorid  lends  to  prevent  the  occurrence 
of  serum  rashes.  Netter,  1Q07,  also  found  it  useful  in  urticaria,  acute 
edema,  frost  bite,  and  pruritus.  Other  similar  conditions  relieved  by 
Ca  are  boils,  erythema,  lichen  f)Ianus,  hemoglobinuria,  etc.  (Luff,  IQ09); 
hay  fever  and  iodid  coryza  (Chiari  and  Januschke,  191 1,  Emmerich  and 
Loew,  1915);  asthma  (Kayscr,  1912,  IQ14).  The  beneficial  results  are 
clinically  rather  unreliable,  but  have  been  repeatedly  confirmed,  provided 
that  the  Ca  is  given  in  adequate  doses  for  a  sufficient  time. 

Strong  solution  of  CaCl*  (10  per  cent.)  applied  to  the  scarified  skin,  raises  an  urticaHal 
vheal  (Piichcrand  SoUmann,  iqi6). 

Effects  of  Various  Conditions  on  Stdn  Reactions. — Luithlen,  igi  1  to  rQi .5,  stud>'ing 
the  reaction  of  the  skin  of  cats  to  crnton  oil,  found  that  this  may  be  modified  by  Ca 
and  oxalates;  by  different  diets  (suggci^Ling  tli.it  eizema  may  be  a  constitutional  e.ULg- 
gcration  of  the  reaction  of  the  skin  to  normal  irritation);  and  by  the  injection  of  scrum, 
isoluble  starch  and  even  mineral  colloids,  r.r,  silica.  Serum  injecHons  have  been  used 
'clinically  against  certain  skin  diseases  (A.  Mayer  and  Linscr);  but  are  only  efficient  in 
those  diseases  which  are  based  on  exudation  or  transudation. 

Calcium  on  Intestines. — Calcium  carbonate,  and  to  a  smaller  extent 
ihe  phosphate,  have  long  been  used  in  diarrhea.  Their  action  is  generally 
explained  as  antacid  and  protective,  but  it  is  possible  that  the  depressant 
Son-action  comes  into  play. 

Saiint  Caihartus. — Chiari.   igio,  calls  attention  to  the  fact  that  all  the  cathartic 
are  antagonistic  to  Ca;  and  that  this  may  explain  their  action,  at  least  partly. 
■neii  InUstinc. — Vanysek,   IQ14,  states  that  calcium  chlorid  stimulates  the  cir- 
^nd  relaxes  the  longitudinal  muscle  of  cat's  intestine. 
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Calcium  in  Hemorrhage. — Ca  is  necessary  for  the  action  of  thrombo- 
kinase  on  ihrombogen  (or  for  the  conversion  of  prothrombin  inio  throm- 
bin— Howell,  1914)  and  hence  for  the  coagulation  of  the  blood.  It  has 
therefore  been  thought  that  the  administration  of  Ca  would  be  useful 
when  it  is  desired  to  increase  the  coagulability  of  the  blood,  as  in  persistent 
hemorrhages,  aneurism,  hemophilia,  purpura,  etc.  However,  the  normaJ 
content  of  Ca  in  the  blood  is  more  than  is  required  for  coagulation;  further 
increase  of  Ca  does  not  increase  the  coagulabihty.  The  addition  of  ral- 
dum  to  hemophilic  blood  in  vitro  delays  rather  than  hastens  its  coagula- 
tion (Hess,  1915).  Nor  has  it  been  shown  that  Ca  is  deficient  in  any  (jf 
these  conditions. 

Estimations  of  the  coagulation  time  after  administration  of  Ca  have 
given  contradictory  results,  due  partly  to  differences  of  technic,  partly  to 
the  time  when  the  observations  were  made.  The  experiments  of  Velden, 
1913,  indicate  that  the  coagulability  is  indeed  increased  for  a  short  time. 
This  increase  is  also  produced  by  equal  quantities  of  NaCl,  and  is  probably 
due  to  a  local  action  on  the  alimentary  canal.  It  does  not  last  bcyund 
twenty  or  thirty  minutes,  and  would  therefore  be  useless.  However,  sincf 
the  administration  of  Ca  does  no  harm,  its  use  may  be  permissible.  Any 
benefits  in  purpura  (Russel,  1907)  could  pwrhaps  be  explained  by  its 
action  on  the  permeability  of  the  vessels. 

With  hirudin  plasma  the  coagulation  is  further  dcbyed  by  the  addition  of  calduDi 
(Hess,  1Q15). 

Clinical  Data. — The  use  of  Ca  in  hemophilia  was  started  by  Wright,  iSpj,  who 
claimed  a  reduction  of  the  coagulation  time  to  60  to  70  per  cent.  Colcnuum,  190J1 
found  no  effect  on  oral  administration,  but  shortened  coagulation  time  from  h>'podennic 
injection.  Purely  negative  results  were  obtained  by  Robertson,  lUmen  a.Dd  Duncan, 
X907;  Addis,  igoQ;  Rudolph,  igio;  Dale  and  I^idlaw,  1Q12;  and  Hc&s,  1015.  In  vt^ 
structivc  jaundice,  when  blood  coagulation  is  delayed  by  excess  of  bile  in  the  blood. 
Lee  and  Vincent,  1915,  report  restoration  of  the  coagulability  by  calcium  lactate  (7 
Gm^jper  day). 

The  theories  of  hemophilia  are  reviewed  by  Hurwitx  and  Luca.^  1916.  Kahn«  igi6. 
reports  one  case  with  deficient  calcium  content  of  the  blood. 

Other  Substances  Increasing  the  Coagulability  of  the  Blood. — Gvbtin,  kephafioaod 
scrum  are  discus^^-d  elsewhere  (see  Index).  Widen,  irjii.  also  found  increased  GOl(B* 
lability  after  the  diKit.iHs  group,  suprarenal  extract,  and  amyl  nitrite. 

Coagtilatioa  of  Milk. — Ca  is  necessary  for  the  precipitation  of  the  caaeinoKen  *^ 
casein. 

Rigor  Mortis. — This  is  hastened  by  the  systemic  administration  of  Ca,  dela>Td  by 
Mg  (Mcltzer  and  .Auer,  1907). 

Oral  Administration  for  Systemic  Action. — Calcium  carbonate  and 
phosphate  are  absorbed  almost  as  well  as  any  of  the  calcium  salts,  since 
they  are  largely  converted  into  soluble  salts  in  the  digestive  tract  (O.  Loc». 
1914).  They  should  therefore  serve  quite  as  well  for  oral  administratitm, 
as  the  water-soluble  salts,  viz.  the  chlorid,  lactate  or  acetate;  but  as  thesf 
happened  to  form  the  starting  point  of  the  modern  calcium  therapy,  they 
are  still  generally  prescribed.  The  chlorid  is  less  costly,  but  its  taste  i-* 
rather  more  disagreeable  than  that  of  the  lactate  or  acetate. 

The  single  oral  dose  of  the  clilorid  is  0.5  to  i  Gm.,  8  to  15  gr.,  in  solu- 
tion, with  meals.  The  daily  dose  against  serum  rash  is  0.75  to  1  Gm- 
beginning  on  the  day  of  the  antitoxin  injection,  and  continuing  for  ihm 
days  after  the  last  injection  (Netter,  1909),  Against  hay  fever,  hcrr-r 
rhage,  etc.,  i  to  3  Gm.  are  given  daily,  commencing  as  early  as  posaibie 
and  continuing  for  several  weeks.  This  continued  use  does  not  seem  to 
cause  harm  (Emmerich  and  Locw,  1913,  1915).  The  lactate  may  be  given 
in  double  tlu's  dosage. 
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Hypodermic  Administraiiott . — This  has  no  material  advantage.  The  lactate  is  pre- 
ferred to  tie  more  irritant  clilorid;  at  least,  the  chlorid  should  not  be  used  in  concentra- 
tions above  i  or  2  per  cent,  or  there  will  be  indurations.  The  concentration  of  the  lactate 
should  not  exceed  5  per  cent,  since  stronger  solutions  solidify  (Hugenholtz,  1915). 
The  hypodermic  dose  of  the  lactate  is  0.5  to  2  Om.  in  20  to  50  c.c.  of  water. 

Intravenous  injections  have  been  cmplo>'ed  in  spasmodic  conditions;  2  to  4  Gm.  of 
chlorid  or  lactate  in  a  liter  of  normal  saline,  injected  very  slowly. 
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PREPARATIONS — CALCIUM 


/Cakii  CarbotMs  PrtrcipiUUus  (Calc.  Carb.  Pr«c.).  U.S.P.,  B.P.  fPrecipitated 
Chalk),  CaCOj. — Fine  white  powder,  without  odor  or  taste.  Practically  insol.  in  water; 
decooiposed  by  acids.  Dose^  i  Gm.,  15  gr.,  U.S. P.,  as  powder.  This  will  neutralize 
0.730  Gm.  absolute  HCl.    Larger  doses  are  hannless.     DosCj  B.P.,  i  to  4  Gm.,  15  to  60 

^CrOa  PraparaSa  (Cret  Pr«p.),  U.S.?.,  B.P.;  Prepared  Chalk  (Drop  Chalk).— 
Native  Calcium  Carbonate  freed  from  most  of  its  impurities  by  elutriation.  \  white 
to  gra>ish-white,  ver>-  fine,  amorphous  powder,  often  formed  into  conical  drops;  odorless 
and  tasteless.  Almost  insol.  in  water;  inscjl  in  ale.  Dose,  1  Gm.,  15  gr.,  U.S.P.;  i 
to  4  Gm.,  15  to  60  gr.,  B.P.  Used  extensively  in  tooth-powders. 
tr  Mist.  Cret.,  U.S. P.,  B,P.;  Chalk  Mi.vture. — TTie  average  dose,  15  c.c,  4  drams, 
'contains  about  3  Gm.  of  Comp.  Chalk  Powder  suspended  in  Cinnamon  Water,  U.S.  P.; 
cent  of  chalk,  B.P.     Dose,  15  c.c,  4  drams,  U.S.P.;  15  to  30  c.c,  ^6  to  i  ounce. 
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Pulv.  Cret.  Co.f  U.S.P.;  Compound  Chalk  Powder. — A  mixture  of  30  per  cent,  of  Cret. 
Pra;p.;  20  per  cent,  of  Acacia;  50  per  cent,  of  Sugar.     Dose,  2  Gm.,  30  gr.,  U.S.P. 

Pulv.  Cret.  Arom.,  B.P. — 25  per  cent,  of  Chalk;  50  per  cent,  of  Sugar;  with  Aroraatics. 
Dose,  0.6  to  4  Gm.,  10  to  60  gr.,  B.P. 

•Cfl/ci'i  Chhridum  (Calc  Chlor.),  U.S.P..  B.P.-  Caldum  Chlorid  (not  to  be  confused 
with  Chlorinated  Lime,  miscalled  "Chlorid  of  Lime"),  CaClj. — White,  translucent, 
hard  fragments,  or  granular;  odorless,  of  sharp  saline  taste.  Ver>*  deliquescent,  and 
should  therefore  not  be  dispensed  in  powders,  but  as  solution.  Freely  sol.  in  water 
(1:1.3)  also  in  ale  (1:10).  Incompatible  with  carbonates,  phosphates  and  sulphates. 
Dos£,  0.5  Gm.,  a  gr.,  U.S.P.;  0.3  to  1  Gm.,  5  to  15  gr.,  B.P.,  diluted. 

It  may  be  made  no n -hygroscopic  by  the  addition  of  lactose.  (Yearlreok,  American 
PbjLrmaceutical  Association,  v.  5,  p.  268). 

Calcium  chlorid  occurs  with  varj-ing  quantities  of  water.  The  content  of  CaQs 
is  100  per  cent,  in  the  anhydrous,  about  75  per  cent,  in  the  fused,  and  50  per  cent,  in  the 
crystals.     The  U.S.P.  specifies  a  minimum  of  75  per  cent.     The  B.P.  is  dried  at  2oo*C. 

.*Cakii  IjKlas  (Calc  Lact.),  U.S.P.,  B.P.,  Ca(C,H»OOs  +  5H,0.— White,  granuUr 
masses  of  powder,  \vithout  odor  or  taste.  Sol.  in  water  (i:ao).  but  ver>'  sligntly  sol. 
in  ale.     DosCf  0.5  Gm.,  8  gr.,  U.S.P.;  0.6  to  2  Gm.,  10  to  30  gr.,  B.P. 

Syr.  CaU.  Ijictophos.,  U.S.P.,  B.P.- — 2.5  per  cent,  of  calcium  carbonate  dissolved 
in  syrup  v.nth  lactic  and  phosphoric  adds,  U.S.P.;  7.5  per  cent,  of  Calc.  Lact.  with 
phosphoric  acid,  B.P.;  orange-flower  flavor.  Dose,  10  cc.  2^5  drams,  U.S.P^  2  to 
4  c.c,  H  to  I  dram,  B.P. 

Caldi  Pkosphas,  B.P.,  Caj(P04)i. — VSIiite  powder,  insol.  in  water,  sol.  in  adds. 
Dose,  0.3  to  I  Gm.,  5  to  15  gr.,  B.P. 

<*Liq.  CaiCf  Syr.  Calc,  Calx. — Sec  Index). 


STRONTIUM 

This  cathion  i^sembles  caldum,  and  may  take  its  place  in  some  of  its 
characteristic  pharmacologic  relations;  but  it  is  much  weaker  and  also 
toxic.    Slrontiura  possesses  no  therapeutic  indication. 

It  Ca,  strontium  hastens  the  coagulation  of  blood  although  it  is  much  weaker 
1914).  This  action  is  not  shared  by  Ba  or  Mg.  In  dilute  solutions  only  very 
amounts  are  absorbed  from  the  stomach;  none  from  the  intestine,  f^incr  it  is  con- 
Eed  into  phosphates,  in  which  form  it  is  also  generally  deposited  in  the  hones.  The 
urine  contains  only  traccsof  strontiu m,  even  if  this  is  given  suncutnncously;  the  excretion 
occuring  mainly  by  the  intestine  (Wood,  1898).  It  increases  the  elimination  of  uric 
acid.  Its  administration  to  young  animals  or  in  intrauterine  life  disturbs  the  bone 
foniuitioa.    The  ostcogenetic  tissue  is  stimuhited,  but  the  bones  arc  imperiectly  cal- 
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cified,  since  the  Ca  is  deficient  and  the  Sr  is  deposited  very  imperfectly  (Lehnerdt, 
xgo9  and  1913). 

A  nions  of  Strontium  Salts. — Strontium  salts  were  formerly  used  mainly  on  the  suppo- 
sition that  the  anions  would  be  more  slowly  absorbed,  and  would  therefore  have  a  moxe 
gradual  and  milder  action.  This  theory  is  without  foundation.  lodid,  for  instance, 
is  absorbed  with  the  same  rapidity  as  from  the  potassium  salt  (KrahuUk  and  Pilcher, 
Z918);  and  the  *' toxic"  effects  of  strontium  salicylate  are  just  as  pionounoed  as  with 
the  sodium  salt  (Blankenhom,  1916). 

PREPARATIONS 

SirotUium  Bromid,  lodid,  and  Salicylate  are  official.  Their  dose  is  that  of  tbe 
corresponding  calcium  salts. 

Strontii  Lactas. — Soluble  in  4  parts  water.    Dose,  i  to  8  Gm.  (>^  to  2  drams). 


OXALIC  ACm  AND  OXALATES 

Oxalic  acid  and  the  oxalates  possess  a  strong  acid  action,  resulting  in 
local  irritation  and  corrosion.  In  addition,  they  produce  violent  stimula- 
tion, and  later  paralysis,  by  depriving  the  tissues  of  their  calcium  through 
precipitation.  These  actions  are  completely  antagonized  by  the  addition 
of  Ca.  The  oxalates  have  some  toxicologic  importance  but  no  thera- 
peutic interest.  The  small  quantities  which  occur  in  many  y^etables 
(rhubarb,  etc.)  are  ineffective. 

Lower  Organisms. — Oxalates  are  toxic  to  all  life  except  to  a  few  lower  fungi  whidi 
do  not  contam  calcium.  They  are  toxic  to  most  plants,  but  certain  species  contain 
soluble  oxalates.  In  algae  the  main  histologic  changes  are  seen  in  the  portions  richest  in 
calcium — nucleus  and  chlorophyll  (O.  Loew,  1912).     Oxalic  add  is  probably  a  constant 

Eroduct  of  metabolism,  and  possibly  one  of  the  functions  of  calcium  is  to  render  it 
armless. 

Actions  on  Peripheral  Autonomic  Nervous  System. — The  oxalates  act  like  depriva- 
tion of  Ca;  i.e.,  they  increase  the  sensitiveness  to  epinephrin  and  pilocarpin;  but  they 
diminish  the  excitability  to  electric  vagus  stimulation  (Chiari  and  Froelich,  1911). 

Skeletal  Muscle. — If  dilute  solutions  of  oxalates  are  applied  directly  to  sk^tal 
muscle,  they  cause  rhythmic  contractions.  Lessening  the  proportion  of  Ca  by  any 
other  means  has  the  same  effect.  Larger  doses  of  oxalates  depress  the  excitability  aod 
force  of  the  skeletal  and  cardiac  muscles. 

Frog's  Heart — Injections  of  oxalates  produce  slowing  and  weakening;  with  stroutr 
concentrations  prompt  diastolic  arrest,  first  of  the  ventricle,  then  of  the  aurides.  Tms 
can  be  removed  completely  by  rinsing  with  Ca  solution  (Januschke,  1909).  Washing 
with  NaCI  alone  gives  much  poorer  recovery  (Gros,  1913).  Similar  effects  are  seen  with 
perfused  mammalian  hearts  (Saiant  and  Hecht,  1915). 

Intact  Frogs. — These  show  progressive  and  descending  loss  of  reflexes;  fibrillaiy 
twitchings;  central  paralysis;  finally  cardiac  arrest.  This  is  also  promptly  removed 
by  Ca  and  Sr. 

Intravenous  Injections  in  Manomals. — The  oxalates  affect  first  the  central  nerwus 
system  in  its  whole  extent,  from  mental  functions  to  reflexes,  produdng  at  first  stimula- 
tion, with  convulsions,  and  then  paralysisy  the  latter  being  tne  more  oon^icuous  with 
large  doses. 

The  medullary  centers  are  espedally  affected.  In  consequence  of  the  aspkyo* 
produced  In  this  manner  they  cause  glycosuria,  and  possibly  through  tbe  same  cinse 
mdicanuria.  The  temperature  rises.  Death  occurs  from  respiratory  paralyss,  except- 
ing when  the  poison  is  injected  directly  into  the  circulation,  in  which  case  it  maypaiatytt 
the  cardiac  muscle  (slowed  heart  and  fall  of  blood  pressure,  v.  Vietinght^-Sched, 
1901;  Starkenstein,  19x4).  In  excised  intestines,  the  caldiun  piedpitants  incieaae  the 
tone  and  tbe  pendulum  movements  (Starkenstein). 

Oxalates,  mjected  with  Mg,  increase  the  anesthetic  effect,  presumably  by  inactivat- 
ing the  antagonistic  Ca  (Gates  and  Meltzer,  1914). 

Fate  and  £xcfr/M7».— -Oxalates  are  very  resistant  to  oxidation  in  the  animal  body. 
Indeed,  there  has  been  some  question  whether  any  is  burned;  but  it  seems  certain  thata 
limited  amount  is  oxidized.    The  excretion  (93  to  95  per  cent,  after  hypodermic  injec- 
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lions)  occurs  almost  completely  by  the  kidneys.  The  fresh  urine  contains  mainly 
Dxaluric  acid,  CONUCONHa,  but  on  standing,  this  decomposes  into  urea  and  oxalic 

!  COOH 

ftdd;  and  this  forms  calcium  oxalate.  This  is  almost  insoluble  and  occurs  as  en^'clope- 
Idiapicd  crystals,  which  are  diaKno«tic  of  oxalate  posoning.  The  crystals  may  be  excreted 
Sn  such  great  amounts  as  to  block  the  urinary  tubules,  and  may  thereby  possibly  lead 
to  nephritis,  or  retention  of  urine  and  uremia.  Calcium  oxalate,  in  rod-soaped  crystals, 
may  be  found  in  all  the  organs,  but  it  may  be  absent  from  these  in  very  acute  poisoning 
<Mtlrsct.  1S85). 

Oxalate  Poisoning. — When  taken  by  mouth,  the  oxalates  are  readily 
mfOfbtdf  and  poisoning  is  not  at  all  infrequent  from  confusion  with  other 
Wts. 

[^  The  symptoms  are:  first,  those  of  a  local  caustic,  especially  when  the 
iacid  was  used;  then  those  of  collapse,  the  latter  possibly  preceded  by  con- 
vulsions.    The  pulse  is  very  small  and  weak. 

Death  by  oxalic  acid  and  oxalates  usually  occurs  very  rapidly,  much  more  quickly 
Ihan  by  other  caustic  substances.  This  is  of  diagnostic  importance.  (In  one  case 
death  took  place  in  ten  minutes.)  Sometimes  fatal  cuUapsc  may  occur  after  hours  of 
pelatively  slight  symptoms  (O.  H.  Brown  and  Scott.  10 12).  (A  study  of  seventeen 
buman  cases  of  oxalic  acid  poisoning  is  reported  by  Wichcm,  1912.)  The  fatal  dose 
rorics  with  the  concentration.  The  smallest  recorded  amount  is  5  Gm.  Afcfabolism 
\s  markedly  depressed  in  oxalate  poisoning,  especially  the  production  of  carbonic  acid. 
[The  respirator)'  quotient  falls  (Corley,  ipo2).  The  urines  in  Wichem's  cases  were 
iranty.  with  traces  of  albumin,  and  rarely  calcium  oxalate  crystals.  Polyuria  de- 
veloped later.     Hemorrhagic  nephritis  was  not  observed. 

j  Treatment  of  OxalaU  Poisoning. — The  c  hemic  antidoU  would  be  cal- 
cium in  any  shape,  calcium  chlorid  and  lactate,  chalk,  lime-water,  etc. 
(Husemann).  Liberal  quantities  of  water  should  be  given  to  prevent  the 
deposition  of  crystals  in  the  kidneys.     Calcium  lactate  could  also  be  given 

py  vein;  magnesium  sulphate  as  cathartic;  digitalis  against  collapse. 

I 

I  Experimentally,  magnesium  injection  has  proven  of  some  value  by  quieting  the 
Itimulatton  (Gales  and  Meltzer,  IQ17;  Gates,  igxS). 

I  Cumulaiirr  Action. — This  is  ot>served  after  continued  feeding  of  rabbits  with  oxalates 
or  citrates  fSalant  and  Swanson,  iqiS). 

[      Rkttbarb  Leaf  Poisofiing. — Serious  and  even  fatal  poisoning  has  been  attributed  to  the 
ntiDg  of  boiled  rhubarb  leaf  "greens.  "     The  leaves  contain  about  10  grains  of  oxalate 
T  pound,  and  this  has  been  held  responsible  for  the  poi.soning  (J.  A.  M.  A.  1917. 
lOiS,  1919.  73 1  926).     The  connection  appears  rather  doubtful. 
Conieni  tff  Vegetables. — Data  arc  given  by  Arbenz,  1917. 

PH  EPAR  ATIONS OXALATES 

Acidum  OxaJicum,  CiOiHj. — Colorless  cr>'slals,  easily  wl.  in  water. 
[cid  Potassium  Oxalate,  KHC1O4-— "Salt  of  Sorrel." 


FLUORID  ION 

Sodium  fluorid  is  a  general  protoplasmic  poison.    It  has  a  strong 

)cal  irritant  action^  a  2  per  cent,  solution  being  corrosive  to  mucous  mem- 

trancs.    The  systemic  action  resembles  that  of  the  oxalates  and  is  probably 

broduced  in  the  same  manner,  by  the  formation  of  insoluble  calcium  salts. 

I      In  the  frogj  it  produces  fibrillary  contraction  of  the  muscles.     These  disappear  on 
icction  of  the  nen'e.     Larger  doses  produce  rijsor.     The  systemic  effects  are  dyspnea, 
of  reflexes,  stoppage  of  respiration,  cardiac  standstill.     In  mammnis  it  causes  saliva- 
gastroenteritis,  dyspnea,  muscular  weakness  and  tremors,  epileptic  conxnilsions. 
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foU  of  arterial  pressure,  and  stojipage  of  respiration  and  heart.    Rigor  sets  in  quickly 
(Fappctner,  i88g).     The  abdominal  organs  are  congested.     The  intestinal  cpitDcliuin 
is  dfstroycd  (even  when  the  poison  is  introduced  by  other  channels),  while  the  cilia 
of  the  respiratory*  epithelium  may  still  be  moving  (Siegfried,  1901).     Small  doses  | 
the  blood  vessels,  first  increasing  tlieir  permeabiUty  (Asher,  1910). 

Acutely  Fatal  Dose. — I*'ur  mammals,  this  averages  about  0.5  Gm.  per  K^.  of  bod) 
weight,  by  mouth;  a(>out  0.15  Gm.  per  Kg.  hypodcrmically  orby  vein  (Tappeuier,  i8S9)y 

Continued  AdministratioiL — Wnen  sodium  fluurid  is  administered  to  rats  over  pi 
longed  periods  (Sollmann,  1021)  in  daily  doscsof  15  to  iqo  mg.  per  Kg.  of  body  wdght,] 
it  produces  progressive  impairment  of  growth  and  food  consumption,  but  with  litlfc 
mortality;  and  without  any  histolcwic  lesions. 

The  damage  is  proportional  to  the  dose.  It  tends  to  outlast  the  admimstration  of 
the  drug;  so  that  tnc  growth  of  animals  that  have  been  poisoned  with  fluorid  remaini 
permanently  below  that  of  unpoisoned  animals. 

The  diminished  food  consumption  is  not  due  to  distaste  of  the  fluorid  food;  fortlie 
animals  do  not  prefer  uni>oisoncd  food  (except  with  the  liighest  concentrations). 

The  effects  are  not  due  to  "  general  salt  action  "  for  corresponding  doses  of  NaCl  are 
not  harmful. 

Calcium  fluorid  in  the  form  of  "phosphate  rock"  produces  the  same  effects  as  NiF. 
and  in  nearly  corresponding  doses.  fl 

The  deleterious  effect  oT  phosphate  rock  is  not  shared  by  other  insoluble  Ga  mitt  ^ 
(phosphate  and  carbonate)  in  equal  concentration. 

No  deleterious  effects  on  growth  or  food  consumption  occurred  in  nine  weeks  with 
daily  doses  of  \a  F  of  8  mgm.  per  kilogram  of  body  weight,  or  with  smaller  doses. 

Similar  effects  from  analogous  doses  have  been  observed  by  other  writers  on  oibcr 
animals,  with  similar  doses.     (Literature,  Sollmann,  igzi). 

Deposition  in  Bone  and  Normal  Occurrence. — When  duorids  arc  given  b 
amounts,  greaLl}'  diluted,  tliey  arc  absorbed   and  dtposUed  foi   the  most  part  m  tki' 
boiws  (Tiippeiner  and  Brandl).     The  bones  become  unusually  hard,  white,  and  brittle,! 
and  contain  small  crystals,  presumably  CaFi.     A  small  amount  of  the  latter  is  normiBrj 
contained  in  the  bones  and  teeth  (Gabriel.  189O;  but  the  precentage  (0.02  to  oo;)  j 
is  so  small  that  it  can  not  be  regarded  as  essential  (Jodlbauer,  tqoi).     Still  smaller  quan- 
tities arc  found  in  the  epidermis,  hair,  thymus,  testes,  blood,  milk.  etc.  (Gautirrand 
Clausmann,  IQ13,  1916).     Zdarek,  1910,  found  it  present  in  the  entire  human  body,  but 
relatively  richest  in  the  liver,  kidneys  and  bones.    In  the  latter,  half  of  the  fluorifi  H 
in  their  fat. 

Antiseptic  Action. — The  fluorids  are  quite  markedly  antiseptic.  In  the  proportion 
of  1 :  300  they  prevent  completely  the  development  of  bacteria,  and  are  sometimes  ased 
for  this  purpose.  They  nave  no  important  therapeutic  application,  and  small  toxi* 
cologic  importance. 

Ammonium  Bifluorid  in  Dentistry. — This  was  introduced  by  J.  Head,  19x3,  for  the 
treatment  of  pyurriica  alvcolaris.  He  uses  a  2ji  \xr  cent,  solution,  injected  ono- of 
twice  weekly  around  the  loose  teeth.     It  is  antiseptic  and  disintegrates  the  **tartar." 

Hydrofluoric  Add  is  a  very  violent  volatile  caustic.  The  bums  suppurate,  aad 
heal  very  slowly. 

Sodii  Fluoridum  (Sodium  fluorid),  NaF. — Soluble  in  25  parts  of  water.  Ds«l 
externally  as  antiseptic.  For  dressings,  0.5  to  10  :  i.ooo;  injections,  0.15  to  i  :  i.ooo; 
against  fermentation  in  food,  10  to  15  mg.  per  liter.  0.2$  Gm.  is  said  to  have  pro- 
duced dangerous  symptoms  in  man. 


BARIUM 

Unlike  the  other  elements  of  its  group,  Ca  and  Sr,  this  element  is  voy 
toxic.  Its  effects  resembre  those  of  the  tligilalis  group:  It  produces  ft 
similar  action  on  the  cardiac  muscle;  a  strong  vasoconstriction  by  dircrt 
stimulation  of  the  arterial  muscle  (occurring  therefore  after  apocodeio. 
Dixon,  1903);  violent  stimulation  of  peristalsis,  even  on  intravenous  ifl- 
jeclion;  and  a  stimulation  and  later  paralysis  of  the  central  nervous  s>'steiD- 
It  also  produces  local  irritation,  and  is  inimical  to  the  lower  forms  of  lif^ 
such  as  yeast  cells. 
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lese  actions  are  not  utilized  therapeutically  (except  in  veterinary 
iractice)  on  account  of  the  toxicity.  The  excretion  of  barium  occurs 
argely  by  the  feces,  as  with  Ca  and  Sr. 

Its  local  action  results  in  gastroenteritis  and  some  degree  of  corrosion, 
Lnd  fairly  large  absorption.  It  may,  therefore,  produce  its  systemic 
xtions  even  when  given  by  the  mouth.  Poisoning  is  treated  by  sulphates 
Lnd  evacuation. 

£zcretioil. — The  main  channel  is  by  the  intestine,  only  traces  appearing  in  the  urine 
vcn  after  parenteral  administration  (G.  M.  Meyer,  IQ09).  A  amalL  amount  may  be 
epoailed  in  the  bones.     Barium  lessens  Uie  elimination  of  uric  add  (Abl,  1913). 

Cardiac  Action. — Ba,  like  digitalis,  increases  the  excitability  of  the  cardiac  musde, 
nd  the  force  of  the  contractions  {Wcrthcimer  and  BoutcL  iQii).  The  rate  is  slowed 
ven  after  atropin,  so  that  this  eQect  is  muscular  (Fillipi).  Intracardiac  application 
auses  systolic  arrest;  dilute  solutions,  or  exocardiac  application,  produce  diastolic  ar- 
est,  just  as  docs  digitalis  (Poulsson.  1910;  Werschinin,  igii;  Wcyland,  1913}.  The 
ffects  in  complete  heart-block  are  similar  to  those  of  calcium  (van  Kgmond,  1913). 

Arterial  Muscle. — The  high  rise  of  blood  pressure  under  barium  is  due  mainly  to 
asoconstriciion.  The  effect  is  directly  on  the  arterial  muscle,  and  involves  all  arteries, 
Sgardless  of  their  innervation  (Dixon  and  Halliburton,  1910;  Cow,  191 1).  This  might 
jg^est  its  use  in  pulmonary  hemorrhage;  the  lung  vessels  being  strongly  constricted 
Baehr  and  Pick,  1913;  Berezin,  1914).  However,  the  increase  of  the  general  blood 
resaure  more  than  offsets  the  local  constriction,  so  that  the  bleeding  becomes  more  pro- 
ISC  (£.  Frcy,  1909).  The  liver  veins  arc  constricted  in  the  guinea  pig,  not  in  the 
■og  fBerczin,  1914). 

Bronchial  Muscle. — This  is  also  constricted  (Trendelenburg,  1912;  T!tonc,  1913; 
aehr  and  Pick,  1913). 

Gall-bladder. — The  isolated  organ  is  constricted  (Lieb  and  McWhorter,  1915). 

Skeletal  Muscle. — Barium  has  two  distinct  actions  of  frog's  gastrocnemius  muscle 
Soethout,  iQig): 

(a)  Direct  stimulation,  persisting  as  long  as  the  muscle  remains  in  the  solution.  This 
■quires  the  presence  of  Na  ions,  and  is  therefore  abolished  by  isotonic  sugar  solution. 

(b)  Contact  irritability,  seen  only  when  the  muscle  is  immersed  or  removed  from 
le  solution,  being  produced  by  the  inward  or  out\vard  passage  of  Ba  ions.  It  isantag- 
lixed  by  certain  Na  salts. 

Both  irritations  are  antagonized  by  K,  Ca  and  Mg  ions. 

FoM'i^s  AiuscU. — Injection  of  BaCls  produces  only  an  increase  of  muscular  tonus  in 
le  normal  leg,  but  after  dcncr\*ation,  it  causes  a  strong  contraction.  The  dcKcncrating 
;uscle  has  therefore  become  more  susceptible  to  Ba.  A  similar  result  can  be  secured 
1^  preliminary  injection  of  nicolin.  Curare  docs  not  influence  this  contraction;  indicat- 
[g  that  Ba  acts  more  peripherally  than  curare,  nicotin  or  physostigmin. 

Cerebral  Stimulation. — Direct  application  of  barium  salts  of  the  cerebral  cortex 
timulatcs  the  white  matter,  and  increases  the  irritability  of  the  gray  matter  (Maxwell, 
»o6). 

Tlierapeutic  Uses. — Barium  chlorid  (0.03  Gm.,  ^  gr.,  well  diluted)  has  been  tried 
ft  a  substitute  for  digitalis  (Pesci,  1904).  It  is  therapeutically  inferior;/.*.,  by  pro- 
ncing  marked  coronary  vasoconstriction.  The  maximal  daily  dose  is  '  6  Cm.,  p  gr.; 
Ut  this  lA  dangerous  (Kc|>ort:>  Counc.  Pharm.  Chem.,  1911:54).  It  has  also  been  tried 
I  various  nervous  disturbances;  and  externally,  10  per  cent,  solution,  as  a  wash  in 
mfulous  e>'c  affections.  In  veterinary  medicine,  it  has  been  used  for  acute  tympanites 
tid  coosli{>aUon,  but  even  there  it  was  found  too  dangerous. 

Symptoms  of  Barium  Poisoning. — -These  consist  in  vomiting,  colic,  violent  diarrhea; 
onvulsive  tremors;  slow  hard  pulse  and  high  blood  pressure;  hemorrhages  into  the 
lomach,  intestines  and  kidneys.  Death  occurs  after  a  few  hours  or  days.  The 
fttal  dose  is  probably  o.R  to  0.9  Gm.  Barium  carbonate  is  also  toxic,  but  mucJi  slower 
^  its  action.  Crawford,  190J?,  attributed  *'I-oco  poisoning"  to  the  Ba  contained  in 
^  Western  plants.  This  could  not  be  conGrmed  (iMsberg,  Black  and  Marsh,  191 1). 
X-ray  Diagnosis. — The  insoluble  BaSO,  is  used  in  jc-ray  diagnosis.  It  is  tasteless, 
nexpeosive,  and  does  not  delay  the  gastric  movements,  as  does  Bismuth  If  pure, 
too  to  150  Gm.  (boiled  with  two  and  one-half  to  five  times  its  weight  of  corn-meal,  and 
favored  with  cocoa)  may  be  given  without  any  bad  results;  but  it  is  essential  that  it 
^bould  not  be  contaminated  with  soluble  barium  compounds  (Guenther  and  Bachem, 
Merck's  Report,  27:43). 
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BROMIDS 

Genend  Statement — Fairly  large  doses  depress  the  psychic  functions 
and  the  reflexes;  leading  to  a  condition  of  mental  dulness  and  apathy, 
which  conduces  to  sleep,  particularly  in  nervous  insomnia.  The  bromids 
are  also  employed  against  other  nervous  hyperexdtabilities,  hysteria, 
h>'peremesis,  cinchonism,  etc.  Their  anticonvulsant  action  is  utilized 
e^>ecially  against  epilepsy  They  generally  suppress  or  mitigate  the  con- 
\-ulsions,  at  least  in  the  idiopathic  form;  but  they  seldom,  if  ever,  cure. 
The  eflFect  occurs  only  slowly,  and  is  correspondingly  lasting.  The  ad- 
ministration must  be  fairly  continuous.  The  action  seems  to  be  due  to 
the  Br  ion  as  such.  It  is  produced  by  all  the  bromids,  and  to  a  less  degree 
by  the  organic  bronun  compounds.  NaBr  is  generally  preferred.  The 
mechanism  is  not  explained.  The  excretion  of  Br  is  analogous  to  that  of 
CI.  A  part  is  retained  very  persistently.  The  elimination  is  hastened 
by  CI  administration;  and  conversely,  the  Br  efiFect  is  increased  by  Cl-poor 
<Ket. 

Continued  administration  of  large  doses  often  results  in  bromid  acne, 
and  other  symptoms  analogous  to  iodism.  There  may  also  be  consider- 
able psychic  depression,  malnutrition  and  lowered  resistance.  These  may 
contraindicate  the  use  in  neurasthenic  patients,  etc.  Acute  bromid  poi- 
soning is  rare,  occurring  only  after  enormous  dose$.  Ordinary  doses  ha^t 
no  effect  on  the  circulation. 

Absorptioa. — The  bromids  are  rapidly  absorbed  from  mucoas  membranes.  It  tu 
belicN-ed  that  caldum  bromid  is  absorbed  more  slowly;  but  Hales  and  Fishman,  1908, 
f<Mind  it  excreted  at  about  the  same  rate  as  XaBr.  In  lifated  intestinal  segments,  tbe 
absorption  of  bromids  is  not  dela>-ed  by  the  presence  of  cUorids;  but  bromid  somewbat 
deb\-s  chlorid  absorption.  The  lower  segments  of  the  small  intestine  are  said  to  abaorb 
bromid  better  than  the  upper  (Bolgar,  iqio). 

Channels  of  Excretion. — The  excretion  occurs  as  bromid,  mainly  by  the  urine. 
Small  quantities  are  also  eliminated  by  the  feces,  sweat  (Tachau,  19x1}  ana  other  seot- 
tions;  sometimes  in  the  cerebro-spinal  fluid  (Hald.  iqzi). 

Course  of  Vrituiry  Excreitim. — This  starts  promptly  but  proceeds  slowly;/.f.,  in  ooe 
to  one  and  one-half  da>-s  only  one-tenth  may  be  excreted ;  and  traces  are  found  after 
twenty  da>'s.  The  rate  is  only  half  or  less  than  with  iodids  (Herzfdd  and  Gormidor, 
1912).  It  depends  somewhat  on  diuresis,  but  only  imperfectly  (Hates  and  Flshman, 
iqo$)  The  quantity  excreted  is  proportional  to  that  administered,  but  always  mtli 
considerable  retention.  With  continued  use,  the  percentage  excreted  increases  nnti] 
it  equals  the  ingestion,  constituting  equilibrium  or  saturation  for  that  dose.  IVben  tbe 
adniinistration  is  stopped,  the  excretion  diminishes;  at  first  rapicOy,  then  more  dowlr, 
so  that  traces  may  be  present  for  a  month  or  longer.  The  excretion  follows  ^  same 
laws  in  epilepsy  as  in  normal  indi\-iduals  (v.  W'>-ss,  1906). 

Inifti^fu-^  o'f  Ckhrids, — Chlorid  administration  hastens  the  cKmination  of  both  Br 
and  I'  Herzfeld  and  Gormidor.  iqi  ::;  W*>*ss.  1913);  while  C3-poor  foods  slow  the  exot- 
tion  Honda,  1002;  Sarvonat  and  Cremien.  igii).  Conversely,  the  administntion of 
bromids  increases  the  elimination  of  O  (W'oK  and  Opp,  1913;  Wyss,  1913).  lodid  il» 
dispbces  Br  and  CI.  Boenniger,  1Q07,  claims  that  bromid  administration  nftT  s>^ 
anTm.iTg  fjom  chlofid  stan-atiou,  and  replace  the  Q  of  the  senun  cnmpletdy.  lias  is 
doubu'ul. 

Brcmids  (>n  Oiurt'sis. — This  is  increased  by  salt  action  (Wolf  and  Opp,  19x3)- 

Brjmids  in  Cranium  FJtmj, — Uranium  animals  become  dbtinctly  las  edemic 
wher.  bromids  are  administf  red.  These  cause  a  greater  diuresb;  the  Q  excretion  is  is 
high  as  normal;  and  the  urine  contains  a  part  of  the  Br.  The  body  thtfefotc  loses botb 
water  and  salt  -Leva,  101  ^V     This  explains  the  effect. 

Bromids   on    HetaboUsm. — The  actions  are  not  important.     Chittenden,    1S84.     | 
claimed  >Iight  increase  of  X  and  decrease  of  PO*  excretion.    Jaf^IU,  191 3  and  Hiih     I 
finds  little  effect  on  the  total  N  or  P:  but  diminution  of  the  uric  aad  and  inciease  of  tbe 
purin  bases.     Ho  tvnsiders  that  this  is  due  to  an  inhibitory  action  on  ferments,  anak^oos 
to  the  brorr.kl  effect  on  pi'psin  (Chittenden)  and  oxidase  (Senter).     The  daun  that 
brucud  increases  the  elimination  of  phosphates  needs  confirmation. 
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Retention  of  Bromid. — The  retained  Br  is  clislributrd  similarly  to  the  normal  CA, 
which  it  partly  repluces  in  the  blood,  gastric  juice,  etc.  (Nencki  and  Simonowski,  1893; 
EUingcr  and  Kotakc,  iqii).  Apparently,  the  tissues  and  kidneys  do  not  differentiate 
sharply  between  the  two  ions  (K.  Frey,  1910).  The  replacement  of  more  than  40  per 
cent-  of  the  G  of  the  blood  by  Br  is  said  in  be  generally  fatal  (Bernoulli,  1Q13). 

DiitributioH  in  DifrraU  Ort^ans, — This  has  been  studied  especially  by  Wyss,  1906. 
Ifc  found  the  largest  quantity  in  tJie  blood.  Kvcn  after  long  adnunistration.  the  brain 
contained  a  relatively  small  proportion.  In  an  epileptic  patient,  the  ]>ercentage  in 
the  brain  was  0.06;  in  the  blood,  0.14.  The  quantity  in  the  whole  brain  figured  about 
I  Gm.  Kllinffer  and  Kotake,  igii,  found  the  distribution  proportional  to  the  normal 
richness  in  Cl.  The  distribution  after  therapeutic  administration  is  described  by  Carnot 
and  Coirrc,  1914. 

CondiliitH  in  Blood. — The  Br  occurs  almost  exclusively  in  the  serum  (Wy'ss).  How- 
ever, Boenniger,  1909,  states  that  the  corpuscles  are  permeable  to  Brand  Clin  both  direc- 
tions; that  a  Br  solution  may  displace  all  but  traces  of  CI  from  the  corpuscles;  and 
that  the  Br  in  turn  can  be  replaced  by  Cl. 

Absence  from  Sormal  Tissues, — Baldi  claimed  the  presence  of  Br  in  oormal  thyroid; 
but  this  was  not  confirmed  by  Roos,  iSqS.  Pribram,  1906,  also  found  absence  of  notable 
quantities  in  the  thjToid  and  other  human  organs. 

Rclalii't:  Retention  of  Organic  and  Inorganic  Hr. — The  organic  Br  compounds  are 
apparently  retained  somewhat  more  efficiently  than  the  inorganic.  This  has  btxn  cited 
as  a  proof  of  superiority;  but  it  is  doubtful  whether  the  rctamed  Br  is  the  bearer  of  the 
therapeutic  action  (Magnus- Alsleben,  tgii).  Hahromin  was  retained  relatively  more 
in  the  adipose  tissues,  but  not  in  the  brain  (Ellinger).  Bromipin  was  eliminated  by  the 
urine,  partly  in  organic  combination,  but  mainly  as  inorganic  bromid  (Bermann,  1910). 
He  has  also  studied  tlie  fate  of  other  organic  Br  compounds.  The  lipoid-soluble  frro- 
mttral  passes  at  first  mainly  into  the  nervous  system;  but  it  is  rapidly  decomposed  into  a 
walcr-solubic  form,  presumably  bromid;  which  then  follows  the  course  of  the  ordinary 
bromid.'!  (Takcda.  191  ij. 

Historical. — Bromids  were  first  tried  as  substitutes  for  lodidK.  This  was  unsuccess- 
ful, but  le<l  to  the  observation  of  their  sedative  action.  Their  use  in  epilepsy  is  said  to 
date  from  Locock,  1853;  as  hypnotic,  from  Bchrend,  1864.  The  older  literature  i& 
reviewed  by  Krosz,  1876. 

Sedative  Action  in  Man. — Doses  of  i  to  2  Gm.  of  bromids  have  no 
noticeable  action  on  norma]  individuals.  Above  4  Gm.,  depression  and 
decrease  of  reflexes  become  apparent.  The  elTecis  are  rather  different 
from  those  of  the  ordinary  h>T)notics.  They  consist  in  a  condition  of  las- 
situde and  lack  of  attention^  which  inclines  toward  sleep.  Perception, 
obs€i^"aiion,  and  motor  reactions  may  be  normal.  With  the  smaller 
doses  the  subject  awakens  refreshed;  but  with  larger  doses,  the  psychic 
depression  persists.  Still  larger  doses  (10  to  15  Gm.)  cause,  besides  some 
nausea,  considerable  apathy  and  confusion  of  speech,  but  not  sleep  (Binz). 
These  doses  also  lower  the  reflexes  from  the  skin  and  mucous  membranes; 
so  that  irritation  of  the  fauces  docs  not  produce  retching  (Krosz,  1876). 
This  was  utilised,  before  the  introduction  of  local  anesthetics,  for  ex- 
aminations of  the  throat,  etc. 

Use  as  Hypnotic. — Brnmids  do  not  enforce  sleep,  but  act  rather  by 
permitting  sleep  through  the  elimination  of  excessive  worry,  etc.  They 
are  more  efficient  in  quieting  pathologic  excitability;  and  of  no  value 
against  pain.  The  dose  should  be  2  Gm.  or  more,  one  to  two  hours  before 
retiring.  The  bromids  may  be  usefully  combined  or  alternated  with  the 
more  powerful  aliphatic  hypnotics  or  morphin.  The  effect  is  simply  addi- 
tive (Klamracr,  1913);  or  perhaps  slightly  potentiated  (Januschke  and 
Inaba,  1013). 

Use  in  Other  Conditions  of  Nervous  Hyper-excitability. — The  de- 
pressant effect  of  bromid  is  largely  utilized  in  hysterical  conditions;  Base- 
dow's disease:  acute  cerebral  excitement  and  meningitis;  in  the  nen-ous 
vomiting  of  seasickness  and  pregnancy;  to  prevent  cinchonism;  inconti- 
nence of  urine;  as  anaphrodisiac  in  sexual  hyperesthesia;  and  against 
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deilrium  tremens  and  convulsions — epileptic,  chorea  and  others.  The 
dosage  for  the  minor  nervous  conditions  is  0.5  to  T  Gm.  two  or  three  timet 
daily;  against  cinchonism,  3  parts  of  bromid  to  i  of  quinin;  against  sea- 
sickness, 4  to  5  Gm.  daily  for  several  days  before  the  voyage;  in  pertussis, 
it  is  said  to  allay  the  paroxysms,  but  without  shortening  the  course.  Con- 
vulsions require  at  feast  15  Gm.;  if  necessary  by  rectum.  Large  doses 
have  been  given  in  acute  mania,  but  probably  without  much  benefit. 

Use  in  Epilepsy. — This  is  the  principal  employment  of  the  bromids. 
They  do  not  seem  to  be  efficient  in  all  cases,  probably  because  epilepsy 
has  different  causes.  The  successful  cases  amount  to  something  Like  90 
per  cent,  in  idiopathic  epilepsy.^  Large  doses  must  be  employed  and 
continued  for  some  time.  In  most  cases,  the  attacks  become  milder  and 
less  frequent,  or  may  be  suppressed  entirely;  but  they  usually  return  soon 
after  the  remedy  is  removed.  In  a  few  cases,  however,  a  permanent 
effect  seems  to  have  been  obtained.  It  is  possible  that  this  cure  was  not 
due  to  the  bromid,  but  was  spontaneous. 

Dosage  in  Epilepsy. — The  effects  are  secured  only  when  the  organism 
is  "saturated"  with  bromid.  The  required  Hose  varies  for  different 
patients  and  must  be  ascertained  by  trial.  The  efficiency'  may  be  in- 
creased by  CI-fMjor  food  (Toulouse  and  Richet,  1900;  Ulrich,  i9i2);orby 
the  administration  of  calcium  (Januschke,  1Q13).  These  modifications  ^ 
may  succeed  when  the  simple  bromid  treatment  fails.  The  daily  dose  of  ■ 
bromid  should  be  divided  into  three  or  four  fractions,  and  freely  diluted 
(never  as  tablets). 

Poulsson  recommends  the  following  routine,  to  be  modi6ed  as  needed:  In  tbt 
first  week,  3  Gm.  daily;  second  week,  4  Gm.;  increasing  by  i  Gra.  each  week,  until  10 
Gm.  arc  reached  in  the  eighth  week.  If  well  tolerated,  and  if  the  attacks  persist,  the 
weekly  increase  may  be  continued  until  15  Gm.  are  reached  in  the  thirteenth  week 
The  dosage  is  then  reduced  in  the  same  way  until  the  attacks  recur;  when  the  treatment 
is  again  started  in  the  same  way.  A  few  trials  ascertain  the  doses  required  to  roduct 
the  attacks  to  a  minimum.  This  dosage  is  then  continued  as  long  as  needed;  and  re- 
newed at  inter\'als  even  after  complete  disappearance  of  tlic  attacks,  to  antic^te  le* 
currence.  Bromid  acne  need  not  mterfere  with  the  treatment;  but  severe  depresaofi 
necessitates  reduction,  or  even  discontinuation. 

OthfT  Drugs  Used  in  Epilepsy. — Besides  the  bromids.  the  following  drugs  h»« 
been  used  empirically:  Luminai,  Opium,  Valerian,  Belladonna,  Zinc  (>xid.  Chloral, 
Adonis  Vemalis,  Solanum  Carolincnsc,  Salicylates  and  Antipyretics.  It  is  vcrj'  di^cult 
to  form  an  estimate  of  their  value,  since  epilepsy  is  temporarily  benc&ted  by  almost 
any  placebo.  These  drugs  can  be  recommenaed  only  when  bromids  have  failed  or 
are  for  any  reason  badly  borne.  No  treatment  will  be  successful  except  it  be  joined  villi 
a  careful  regulation  of  diet  and  general  hygiene,  excesses  of  all  kinds  being  strictly  pro- 
scribed. 

The  inhalation  of  Amyl  Nitrite  is  sometimes  useful  during  the  attack. 

Central  Actions  of  Bromids  on  Animals. — These  are  analogous  to  man, 

and  can  be  better  utilized  for  studying  the  mechanism  of  Br  action. 

Albertoni,  tftfla,  found  that  bromids  lower  the  excitabiUty  of  the  motor  cortei  frf 
dogs,  so  that  a  stimulation  of  the  motor  areas  which,  under  the  conditions  of  the  experi- 
ment, gives  rise  to  general  epileptiform  convulsions,  uill,  after  the  administration  of  a 
bromid,  be  confined  to  the  area  directly  stimulated.  If  a  bromid  is  administered  id 
animals  under  5tr>'chnin,  the  effect  of  stimulation  does  not  have  much  tendeoc}'  to 
spread,  while  the  primary''  reflex,  say  the  patellar,  will  still  be  exaggerated. 

Guinea  Pig^. — I^rgc  doses  of  NaBr  (0.1  to  i  Gm.  per  pig  of  200  to  250  Gm.)  protfacc 
a  deep  sleep,  lasting  two  or  three  days.  This  is  preceded  by  a  long  latent  period,  e*Tt 
if  the  administration  is  h>-podcrmic  or  by  vein.  The  hypnotic  effect  is  antAgonixtd  bf 
picrotoxin  or  strychnin  (Januschke  and  Inaba,  1913). 

Bins  Kivd  the  CoUowins  compilation:     Total  abolition  aa  Ions  u  dnis  is  continued,  ii 
Dimintihed  numbor  and  violence  of  atucks.  83  per  c«ot.     No  influoBOtt.  sM  P«r  chu. 
attacin,  increased  2H  P^  cent. 


AVwfj.— These  tld  not  exiiibit  acute  actions. 

Jiabbfts. — These  show  both  acute  and  chronic  effects  closely  rcBembling  those  ob- 
sci^xd  in  man.  The  symptoms,  rapidity  and  dosage  are  nearly  the  same,  whether  the 
adniinistration  is  by  mouth,  h>'podermic  or  vein  (Bernoulli,  ipi^). 

Acrvoiis  Sympt(fms. —  2.5  to  .1.2  Grrt.  per  kiiogram,  by  vein,  generally  produce  little 
immediate  effect.  After  several  hours  to  three  days,  the  rabbit  becomes  apathetic 
and  sluggish.  The  sensibility  and-  reflexes  arc  somewhat  depressed  and  delayed. 
Muscular  coordination  is  often  disturbed  and  ataxic  Ascending  muscular  debility  and 
parescs  arc  frequent. 

CkronU  Poisoning. — Also  shows  these  pareses,  but  no  narcosis  or  other  cerebral 
depressions  (Januschke,  1913).  Both  forms  prevent  camphor  and  picrotoxin 
con^^^Isiona. 

LdKal  Symptoms. — The  rabbits  often  show  slowly  developiriR  irritant  phenomena  in 
the  skin  and  mucous  membranes,  analogous  to  bromismi  general  dermatitis,  loss  of  hair, 
oonjuncti\'al  congestion,  corj-za,  etc. 

ChiUome. — If  the  nervous  symptoms  arc  fully  developed,  spontaneous  improvement 
is  exceptional.     The  rabbits  die  in  coma  after  several  da\'s. 

Perfusion  of  Isolated  Respiratory  Cenltr. — This  is  stimulated  with  iodid,  bromid  and 
nitrate  ions  (Macht  and  Hooker,  iqi8).  The  conditions  and  concentrations,  however, 
arc  too  artificial  for  practical  application. 

IC^cimcy  against  Experimental  Convulsions. — ^Intravcnous  injection  of  sodium 
bromid  suppresses  the  epileptic  convulsions  of  camphor  and  the  niedullary  convulsions 
of  cocain,  but  not  the  spinal  con\'\ilsion3  of  str>*cnnin  or  picroloxin  (Januschke  and 
Inaba,  I9r3),  The  "Erlenmeycr  mixture"  of  NaBr,  KBr  and  NHiBr.  appears  to 
differ  in  that  il  does  not  suppress  cocain  convulsions  with  acute-,  but  only  with  continued 
administration.  Thi.s  is  perhaps  explained  by  the  observation  that  the  injection  of 
ammonium  bromid  is  convulsive.  CaBrt  is  no  more  efficient  than  NaBr  (Januschke 
and  Masslow,  IQ14). 

Mechanism  of  Bromid  Action. — Wyss  proposed  the  theorj-  that  bro- 
mids  act  merely  by  displacing  CI  from  the  body.  This  explanation  is 
inadequate.  The  older  tJieories,  that  their  action  is  due  to  the  liberation 
of  free  Br,  or  lo  the  formation  of  organic  Br  compounds,  arc  also  not 
estabhshed.    It  appears  that  the  action  is  due  directly  to  the  Br  ions, 

CMor id-deprivation  Theory. — This  was  suggested  bv  the  increased  elimination  of  CI 
foBowing  Br  administration.  It  was  found  that  the  cfccicncy  of  hromida  was  increased 
by  CI  poor  food;  and  conversely,  that  the  administration  of  large  doses  of  NaCl  (so 
Gm )  brought  on  epileptic  attacks  in  patients  who  had  been  under  the  control  of 
Iromids  (Wyss,  1913).  These  ob**ervalions,  however,  do  not  prove  the  contention; 
for  deprivation  of  CI  increases  the  retention  of  Br;  and  administration  of  CI  increases 
the  elimination  of  Br.  The  results  would  therefore  equally  support  the  theory  of  a 
direct  Br  action.  On  the  other  hand,  a  number  of  facts  speak  verj'  strongly  against  the 
0-dcprivation  theory:  Jiimple  dechloration  may  produce  ataxia,  but  lacks  the  anti- 
^Msmodic  action  of  bromids.  The  bromid  action  occurs  even  when  CI  loss  is  fully 
compensated  by  the  food.  Recover)'  from  Br  may  occur  even  when  CI  is  withheld. 
Injfction  of  CI  causes  some  recovery  from  bromitl  poisoning;  but  citrates,  sulphates 
W>d  nitrates  have  a  similar,  though  weaker  saving  action  (Bernoulli,  1913)-  Januschke 
and  Inaba,  iQi^t  found  that  the  bromid  depression  in  animals  could  not  be  efficiently 
antagonized  by  the  administration  of  NaCl,  nor  reinforced  by  Cl-poor  food. 

The  Effects  Arc  Due-  to  the  Bromid  Ion. — The  characteristic  action  is  produced  in 
-animals  by  all  bromids;  but  not  by  organic  Br  compounds,  nor  by  bromates  (Januschke. 
^9ij,l.  Bernoulli  iqi.^,  finds  that  the  e.HcJsed  brain  and  other  tissues  swell  more  in 
womids  than  in  equimolccular  solutions  of  rhlorids.  He  suggests  that  this  may  be  the 
^tts  of  bromid  action;  but  this  would  require  stronger  evidence. 

Actions  on  Circulation.^ — Bromid  has  no  direct  effect,  except  slight  de- 
pression with  single  doses  above  10  Gm.  Sedative  doses  may  indirectly 
slow  the  heart  and  lower  the  blood  pressure  somewhat,  especially  in  cardiac 
fleuroses.     Large  doses  of  KBr  may  show  the  depressant  potassium  action. 

Id  the  cat,  the  inlravenouc  injection  of  the  NaBr,  3  c.c.  of  1.5  per  cent,  per  kilogram, 
iad  no  effect  (l^hndorff,  1914). 

Perfused  Hearts.—Tho  substitution  of  bromids  for  chlorids  in  Ringer's  fluid  pro- 
duces practically  no  effect  in  cold-blooded  hearts,  except  a  slight  acceleration  in  startmg. 
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In  warm-blooded  hearts,  there  was  a  slight  decrease  in  rate  and  amplitude  (Greene  and 
Kruse,  1913)- 

Excised  Uterus. — Replacement  of  CI  by  Br  or  I  produces  a  slight  increase  of  tonus, 
without  affecting  the  rhythmic  contractions.  Fluond  increases  the  tonus  and  rhythmic 
contractions,  without  injuring  the  muscle  (Prochnow,  1911). 

Isolated  Intestine. — With  this  and  other  smooth  muscle,  the  replacement  of  the 
chlorid  of  Ringer's  solution  by  bromid  increased  the  tone,  amplitude,  rate  and  rhjrthmic 
excitability;  especially  in  mammals  (T.  K.  Kruse,  19x7). 

Secretions. — Bromid  somewhat  increases  the  secretion  of  mucus  by  salt  action.  It 
diminishes  the  milk.    Variable  results  have  been  reported  as  to  menstruation. 

Gastric  Irritation. — ^Large  doses  of  bromid,  especially  in  concentrated 
solutions,  produce  nausea,  vomiting  and  gastralgia,  by  local  salt  action. 

Acute  Bromid  Poisoning. — This  is  rare,  but  may  occur  from  laijgc 
doses,  especially  if  the  excretion  is  imperfect  in  nephntis.  There  is  mild 
collapse,  impaired  speech,  stupor,  and  paralytic  phenomena.  The  treat- 
ment would  be  by  NaCl  infusion. 

Bromid  Rashes. — These  occur  frequently,  especially  in  the  face,  when 
the  administration  of  Br  is  prolonged.  They  resemble  those  of  iodism. 
The  mucous  membranes  may  also  be  irritated.  Similar  effects  occur  in 
animals  (Bernoulli,  1913).  The  rashes  are  best  prevented  or  treated  by 
cleanliness.    They  generally  disappear  promptly  after  discontinuation. 

The  bromid  rashes  resemble  acne  vulgaris  (but  without  comedones).  They  toac- 
times  become  confluent,  forming  superficial  carbuncles. 

Children  are  especially  susceptible  and  may  show  pustules  and  fleshy  masses,  dis- 
tributed symmetrically  over  the  face,  trunk  and  limbs,  often  becoming  confluent,  sod 
occasionally  vegetating  (H.  MacCormac). 

Explanation  of  the  Skin-rashes. — An  older  explanation  (Adamkiewici)  attribated 
the  bromid  and  iodid  acne  to  direct  irritation  by  the  liberation  of  free  bromin  or  iodin 
by  the  add  secretions  of  the  sebaceous  glands  etc.  This  cannot  be  accepted  (Unw, 
191 2)  for  these  elements  could  not  exist  free  at  the  reaction  of  the  body  (Sollmann). 

Presumably  the  cause  lies  in  a  peculiar  sensitization  of  the  skin;  for  bromid  athsisi^ 
tration  sensitizes  to  the  "tuetin"  test,  although  less  actively  than  iodid  (O^  aad 
Paryzek,  1917;  Kolmer,  1917). 

Chronic  Bromid  Depression  and  Cachexia. — Long-continued  use  of 

the  drug  generally  leads  to  psychic  deterioration,  weak  memory,  apathy, 
disturbed  speech,  ataxia,  tremors,  somnolence,  sexual  impotence;  and  jo 
nutritional  disturbances:  anorexia,  malnutrition,  anemia,  emaciation, 
diarrhea  and  lowered  resistance.  The  symptoms  disappear  rapidly  when 
the  drug  is  stopped  or  the  dose  reduced,  and  especially  if  chlorid  is  given 
(Schabelitz,  1916);  but  the  resistance  remains  low  for  some  time. 

Contraindications  to  Bromids. — Because  of  these  depressant  effects, 
large  doses  of  bromids  should  be  avoided  in  mental  or  physical  debility, 
old  age,  melancholia,  neurasthenia,  etc. 

Choice  of  Preparations. — The  inorganic  bromids  are  most  cflSdent 
NaBr  is  generally  preferred  because  it  is  less  irritant,  and  has  a  less  disa- 
greeable taste  than  KBr,  or  especially  NH4Br  and  LiBr.  NH^r  liberates 
bromin  on  exposure  to  air,  which  is  a  serious  objection.  A  mixtme 
(KBr:NaBr:NH4;Br::i:2:i)  has  been  advocated  ("Erkftmeyer  Mix- 
ture"); but  it  is  difficult  to  see  any  advantage. 

CaBr  adds  the  depressant  action  of  Ca  and  is  said  to  be  more  efficient; 
but  the  continued  administration  of  the  large  quantities  of  Ca  may  be 
detrimental.  The  same  holds  probably  also  for  strontium  bromid.  HBr 
is  too  irritant. 

Organic  Br  Compounds  are  said  to  be  less  likely  to  produce  toxic  Br 
effects;  but  this  could  be  explained  entirely  by  their  own  Br  content    Ko 


real  advantage  has  been  eslablishecl  for  ihem,  and  they  are  probably  much 
less  efficient. 

No  effect  can  be  expected  from  the  broitiJn  in  salts  which  are  used  in  small  doses — 
e.g.,  bromid  of  quinin.  of  arecnic,  etc.  In  these  it  can  be  useful  only  by  influencing 
the  solubility  or  dissociability  of  the  compound. 

Sodium  Bromid  in  Roentgenography.— Weld.  xgiS,  reports  thai  the  2^  per  cent. 
solution  may  be  used  in  place  of  thorium  citrate  or  potassium  iodid  solutions.  The 
shadows  are  fully  as  clear;  bromid  does  not  damage  the  kidneys;  is  less  irritating  to  the 
pelvis  and  ureter,  and  is  less  expensive. 

PREPARATIONS — ^BROMICS 

Acidum  Hydrobromkum  DUutum  (Ac.  Hydrobr.  Dil.),  U.S.P.,  B.P. — 10  per  cent. 
of  HBr.  Colorless,  odorless  liquid;  strongly  acid  taste.  Dost,  i  c.c,  15  minims, 
"U.S. P.;  1  to  4  c.c,  15  to  60  minims,  B.P.;  diluted. 

Ammon.  Brom.,  U.S.P.,  B.P.;  NH4Br. — Freely  sol.  in  water  (1:1.3);  sol*  ii  ale. 
(i:  12).     Other  characters,  dose,  etc.,  as  Sod.  Brom. 

Calc.  Brom.,  U.S. P.;  CaBf;. — Granular;  very  dcUouescent.  Verj'  soL  in  water 
O:©./);  freely  sol.  in  ale.  (1:1.3).     Dose,  i  Gm.,  15  gr.,  U.S.P. 

Lith.  Brom,,  U.S.P.;LiBr. — Granular;  very  deliquescent.  Very  sol.  in  water  (2:0.6}; 
freely  sol.  in  ale.     Dose,  i  Gm.,  15  gr.,  U.S.P. 

*'Pot.  Brom.,  U.S.P.;  B.P.;  KBn— Freely  sol.  in  water  (1:1.5);  slightly  sol.  in  ale. 
(1:250);  freely  sol.  in  give.  (1:4.6).    Other  characters.  rfo5f,  etc.,  as  Sod.  Brom. 

*Sodii  Bramidum  (Sod.  Brom.);  U.S. P.,  B.P.;  N'aBr. — Colorless,  cubical  cr\'slalsor 
white  granular  powder;  odorless;  saline  taste.  Freely  sol.  in  water  (i;  i.i);  sol.  in  ale. 
(1:16).  \\\  bromids  are  incompatibU  with  strjxhnin.  Dose,  i  Gm.,  15  gr.,  U.S.P.; 
0.3  to  2  Gm.,  5  to  30  gr.  B.P.;  in  dilute  solution. 

SironS.  Brom.,  U.S.P..  B.P.;  SrBrj  +  6H,0.— Very  aol.  in  water  (1:0.35);  w>l-  "> 
ak.     Dose,  as  for  Sod.  Brom. 
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ORGANIC  BROMIN  COMPOUNDS 

The  following  are  described  in  N.N.R.:  Adalin  =  Brom-dicthyl-acctyl  carbamid. 
Brometone  =  Tnbrom-tertiary-butyl  alcohol.  Bromipin  =  Brominizcd  Sesame  Oil. 
Bromural  -  Monobrom-isovaleryl  urea.  Brovalol  =  Bo myl-brom valerate.  Sabro- 
min  ^  Caldum  dibrom-bchciute. 


lODEDS 

General  Statement. — Our  knowledge  of  the  action  of  iodids  is  derived 
mainly  from  tljijical,  rather  than  from  experimental  data.  They  increase 
ihc  secretion  of  mucus  and  urine;  rather  more  powerfully,  than  other 
salts,  but  probably  by  the  same  mechanism.  They  arc  therefore  used  as 
expectorants  and  diuretics,  and  to  promote  the  elimination  in  chronic 
mercury  and  lead  poisoning.  Their  continuous  use,  especially  in  suscep- 
tible individuals,  produces  inflammatory  phenomena  in  the  skJn  and  mu- 
cous membranes  (iodism).     Other  iodin  compounds  act  simDarly. 

Their  principal  use  is  in  the  various  manifestations  of  terliarj''  syphilis. 
They  do  not  act  on  the  spirochetes,  but  lead  to  the  absorption  of  gumma- 
tous exudations  and  perhaps  connective  tissue.  This  action  is  not  ex- 
plained, but  is  perhaps  analogous  to  the  iodism.  The  iodids  are  similarly 
useful  in  aortic  aneurism,  and  in  arteriosclerosis  and  angina  pectoris. 
They  have  no  direct  efifect  on  the  circulation.  Their  employment  in 
chronic  rheumatism,  fibroses,  asthma,  neuralgias,  etc.,  rests  perhaps  on  a 
similar  basis. 

The  administration  of  iodids  and  other  iodin  compounds  increases  the 
formation  of  iodothyrin,  and  therefore  aflfects  metabolism.  Their  cautious 
use  is  often  beneficial  in  goiters,  while  excessive  doses  are  dangerous. 
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ifodm  in  Food. — This  is  of  wide  occurrence,  but  the  quantities  are  veiy  mimite 
(E.  B.  Forbes  and  fiecgte,  1916;  Bohn,  1917). 

Absorption,  Fate  and  Excretion. — These  are  similar  to  the  CI,  Br,  SCN 

and  NO|  ions.  They  may  mutually  displace  each  other  in  their  excretion. 
The  elimination  of  iodid  is  more  rapid  than  that  of  the  rdated  ions.  A 
limited  amount  of  iodin  is  stored  as  a  special  organic  compound  in  the 
thyroid  gland. 

Absorption. — The  inorganic  iodids  are  rafMdly  absorbed  horn  mucous 
membranes;  so  that,  with  oral  administration,  the  absorption  occurs 
principally  from  the  stomach  (Boruttau,  19 10).  The  rectum  is  said  to 
absorb  even  better  (A.  Friedmann,  1910). 

Rapidity  of  Absorption. — Administering  KI  to  dogs  with  '*"'*'***"^  <»«*^^««  iodid 
could  be  detected  id  the  duodenum  within  five  minutes;  the  afaBotption  was  completAi 
in  about  three  hours  (L.  Met2gerf  X911). 

Intestinal  Loops. — Hanzlik,  19x2,  found  the  absorption  of  Nal  sohitioiis,  placed  io 
Ugated  loops,  neaily  equal  from  all  parts  of  the  smaB  intestines;  somcwfaat  less  from  the 
stomach  and  colon.  The  rapidity  of  absoiption  was  not  materially  inflocnced  by  tbe 
extent  of  surface,  or  by  the  concentration  of  the  solution.  The  ahaoiption  is  veiy  npid 
at  first;  but  becomes  slowed  when  one-half  to  three-fourths  has  been  absorbed.  Tus 
inhilntion  is  due  to  a  local  chan^  in  the  qiithrlium,  which  is  also  prodocnl  by  the  loot 
apf^cation  of  dilute  NaQ  sohition;  but  not  by  altenng  the  haloid  content  of  the  I"* 


Absorption  from  ike  Skin. — The  applicatk>n  of  iodid  cmument  is  im- 
tional;  for  although  some  absorption  occurs,  it  is  very  imperfect. 

The  absorption  \-aries  with  the  iodin  compound,  the  <HntzneBt  base,  and  the  teztoit 
of  the  skin.  It  is  best  for  the  scrotum.  Herzfcld  and  EHn,  19x2  (who  also  stadied 
several  compounds),  state  that  petrolatum  secures  the  best  abawption;  while  Bartra- 
bach.  190Q.  found  it  better  from  lard  than  from  petrolatum  or  <yTM>ljf> 

Reactions  Liberating  Iodin. — When  iodin  is  placed  with  an  alkaEt,  it  lonns  combi- 
nations containing  iodid  and  iodate,  or  iodid  ai>d  fa>poiodite.  From  these  mixtnics  free 
iodin  is  liberated  on  acidulation.  Free  iodin  is  also  tibermtcd  from  add  mixtures  of 
iodids  and  nitrites,  and  from  sulphocyanids  and  iodates.  .-Ul  these  reactions,  however, 
occur  only  in  strongly  acid  media  (Hp  =  4  or  nx>ie),  azKl  therefore  could  not  occoria 
the  organism  any  place  except  in  the  stomach. 

Moreover,  no  iodate  is  formed  in  the  body  when  iodid,  or  even  when  iodin  is  ^vcs; 
for  the  free  iodin  is  con\'erted  partly  into  iodid  aiKl  partly  into  protein  compounds 
''SoQmann,  X917). 

Channels  of  Ezcretioii. — This  occurs  mainly  by  the  urine;  but  partly 
also  by  the  sali\'a,  gastric  juice,  sweat  (Tachau,  191 1)»  and  other  secrctioos 
and  body  fluids  and  eflfusions. 

Farm  of  Iodin  in  Vrine. — This  exists  mainly,  if  not  soldy,  as  iosjjktkuks.  A  aufl 
part  is  probably  excreted  in  organic  combination  (Cre^wlani,  1909),  bdl  the  evidence 
lor  this  is  somewhat  contio\'ersul  fSchuerhoff.  X905;  Hamscfc,  1910). 

Rapidity  of  Urinary  Eicreiicn. — The  iodid  appears  in  ten  to  T»cuiy  nuxniteSf  and 
reaches  its  maximum  in  two  hours.  .About  f<Hir-mths  is  excreted  within  a  few  hours; 
but  the  remainder  ver>-  sk>wly  (Heubel.  1S65).  The  excretion  is  twice  as  rapid  as  tlot 
of  Br  ''Heimann.  1Q12  :  but  conaderabk  retention  occurs  (from  one-sixth  to  one-hatf 
after  a  single  dose'.  With  doses  of  0.5  to  i  Gm.,  the  iodid  reaction  persists  for  forty 
hours;  after  larger  doses  or  continued  administration,  traces  persist  over  twenty  days. 
The  excretion  can  be  hastened  by  the  administration  oi  chlorids  and  «»w«Sl»f  ions,  bat 
not  by  diuresis. 

Iniuenif  of  Cathions. — Sodium  potassium  and  strontium  iodids  are  absorbed  and 
excreted  precisely  alike,  both  in  regard  to  rate  axtd  total  cfuantity  (Kiafaolic  and  pilcber, 
igiS  . 

Iw.f.unKt  of  R<^<d  Ions. — This  was  discussed  under  CKkuids  and  Bromids.  The 
administration  of  chlorids  and  related  ions  hastens  the  elimination  of  iodids  (Herzfeld 
and  Gormidor,  19 x  j  ;  while  O-poor  food  increases  the  retention  (Sanronat  and  Crfaien, 
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lodid  Test  of  RenaJ  Efficiency, — If  a  single  Icst-dose  of  i  Gm,  of  KI  is  taken  after  a 
meal,  a  healthy  individual  excretes  on  the  average  Ro  per  cent,  of  the  iodid  in  the  first 
twenty-four  hours,  and  15  to  20  per  cent,  between  twenty-four  and  forty-eight  hours, 
independently  of  the  quantity  of  urine.  At  the  end  of  this  time,  the  urine  fails  to  re- 
spond to  the  ordinary  iodid  lest. 

A  smaller  excretion  or  more  persistent  reaction  shows  diminished  permeability  of 
the  kidneys.  With  interstitial  nephritis,  for  instance,  the  excretion  may  be  only  17 
per  cent,  and  extend  over  five  or  six  days.  Tubular  nephritis;  acute  or  chronic,  shows 
nearly  normal  excretion  (Sivert  and  Kaminsky,  IQ14).  Considerable  delay  occurs  in 
experimental  chronic  passive  renal  congestion  (Rowntrec).  The  iodid  delay  would 
therefore  seem  characteristic  of  vascular  rather  than  tubular  disturbance,  contrary  to 
the  Wew  of  Schlayer  and  Takayasu,  1913.  The  elimination  of  KI,  after  i  Gm.  by  oral 
and  rectal  administratioD,  has  been  studied  in  a  variety  of  clinical  conditions  by 
Wovschin,  1915. 

Differences  wUh  Age. — Amstad,  1915,  finds  the  e.xcretion  in  sucklings  the  same  as  in 
adults  (64  to  72  per  cent.);  but  older  children  appear  to  excrete  less  effectively;  namely, 
37  to  50  per  cent,  between  three  and  five  years;  41  to  48  per  cent,  between  five  and  tea 
)rcars.     He  oilers  no  explanation  for  this  curious  obser\'ation. 

Salivary  Excreiion. — This  begins  usually  in  six  and  one-half  to  eleven  minutes.  It 
is  somewhat  delayed  when  the  stomach  is  filled,  and  much  more  in  gastric  diseases. 
This  has  been  proposed  as  a  diagnostic  test  {0.2  Gm.  KI  in  gelatin  capsules);  but  it  is 
inconstant  ana  unreliable.  The  saUvnry  excretion  gives  rise  to  a  persistent  disagree- 
able metallic  taste:  best  corrected  by  gargling  with  hicarlwinate. 

Other  Fluids. — The  r^veat  contains  only  traces  (KelJermann,  IQ05;  Tachau,  1911). 
TTie  Bilf  in  man  excretes  about  r  per  cent,  of  the  administered  iodid  in  twenty-four 
hours,  the  maximum  being  in  three  hours  (Frickes,  i^oS).  Its  presence  in  effusions  and 
ctrebro-spinal  fluid,  five  to  fifteen  hours  after  administration,  has  been  confirmed  by 
.\chard  and  Ribot,  1909.  Its  passage  into  the  ccrebro-spinal  fluid  is  not  constant 
(Hald,  1911).  Catton,  i9i6,also  failed  to  find  it  in  his  patients  after  the  daily  adminis- 
tration of  6  Gm.  for  xi  weeks,  and  after  17  Gm.  at  a  single  dose. 

Iodid  also  passes  into  the  milk  (Rcipt  and  SchefTcr,  190W). 

Distributioa  of  the  Retained  Iodid  in  Normal  Tissues. — When  an  iodid  has  been  ad- 
ministered, it  circulates  in  ionic  form;  organically  combined  iodin  having  been  conclu- 
sivelv  demonstrated  only  in  the  thyroid  (Blum  and  firuelancr,  1Q14;  Adler  and  Czapski, 
1914);  although  some  investigators  believe  that  traces  may  occur  in  other  tissues,  espe- 
cUly  the  liver  (Justus,  1902  and  1908).  The  distribution  has  been  investigated  by 
Hcubel,  1865;  O.  Loeb,  1907  and  1913;  and  Boruttau,  19T0.  The  highest  percentage  is 
found  in  the  thyroid;  then  comes  the  blood;  then  the  secretory  and  lymph  glands,  kid- 
neys and  lungs;  much  less  in  the  muscles,  intestines,  testes  and  bones;  traces  in  the  hair; 
none  in  the  brain,  spinal  cord,  fat  or  bone  marrow  (except  traces  if  the  lipoid-snhible 
organic  forms  are  given).  On  ^vithdrawal,  iodin  (organically  combined)  is  retained  in 
the  liver  and  sometimes  in  the  blood. 

Partition  of  Iodin  in  Cell  Constituents. — McLean,  r9i4.  investigated  the  proportion 
of  the  retained  iodin  in  the  water-soluble,  protein  and  lipoid  fractions  of  the  liver,  both 
after  administration  to  an  animal,  and  after  direct  addition  to  the  excised  liver  tissue. 
With  KI,  the  results  were  the  same  in  either  case:  68  per  cent,  in  the  water-sol- 
uble fraction,  .^2  per  cent,  in  the  lipoid,  and  none  in  the  protein.  This  held  also  For 
iodaJbin  administration.  W'ith  iodized  fat  (sajodin)  administration,  the  lipoid  fraction 
shoved  a  larger  (58  per  cent.),  and  the  water-soluble  a  smaller  f42  per  cent.)  fraction. 

IHstribittion  in  Patholof^ie  Tissues. — These  generally  contain  more  than  normal. 
This  is  not  explained  by  simple  diffusion,  since  the  tissues  may  contain  more  than  the 
bk>od  (O.  Loco,  1913). 

The  increased  quantities  have  been  found  in  tuberculous  tissue  (Loeb  and  Michaud, 
1Q07I  particularly  in  the  necrotic  areas  (R.  Weil,  1916);  carcinomatous  tissue  (Vcldcn, 
1908;  Takamura);  s>'philitic  tissue  (Loeb,  1Q12);  pus  (Loeb,  1907);  other  necrotic  tissue 
and  implanted  agar  (Wells  and  Hedenburg,  1913;  and  organs  rendered  hyperemic  by 
Bier's  stasis  ("Salomon,  1913).  Tuberculous  tissue  is  said  to  contain  iodin  even  in  animajs 
to  whom  no  iodin  compound  has  been  administered  (P.  A.  Lewis  and  Krau.«s.  1914). 

Form  of  Iodin  in  Pathologic  Tissites. — Fujisawn,  tgrg  again  confirms  that  tul>erculous 
loci  contain  the  highest  concentrations  of  iodin.  It  exists  there  as  organic  compounds 
ol  lipins;  not  as  proteins.  Sjphilitic  tissue  behaves  similarly.  Pus  is  rich  in  iodin,  but 
here  it  exists  as  morganic  iodid.     Exudates  also  contian  iodin  solely  as  inorganic  iodids. 

Organic  Iodin  Preparations. — Several  difFerent  types  of  these  have 
been  introduced  to  avoir!  the  undesirable  actions  of  KI.  This  can  be 
accomplished  only  very  imperfectly.     Their  slight  and  doubtful  advan- 
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tages  do  not  compensate  for  the  extra  cost  (McLean,  191 2).  They  are 
all  decomposed  in  the  body,  and  develop  the  iodid  action  only  when  the 
iodid  ion  is  regenerated  from  them  (Erlenmeyer  and  Stein,  1909).  They 
do  not  therefore  avoid  iodism  if  active  doses  are  given.  The  iodin-protein 
compounds  are  decomposed  before  they  reach  the  blood,  and  behave 
practically  like  inorganic  iodids.  Iodized  fats  and  fatty  acids  are  ab- 
sorbed largely  unchanged  and  excreted  more  slowly,  and  therefore  furnish 
a  more  steady  supply  of  iodid.  Their  temporary*  distribution  in  the 
tissues  is  also  diflFerent.  They  are  held  for  a  time  in  lipoid-soluble  form 
by  the  cells,  and  therefore  enter  more  readily  into  nervous  and  other 
lipoid  tissue.  However,  this  would  probably  not  favor  their  penetration 
of  syphilitic  tissue.  It  is  not  clear  that  these  features  are  espedaOy 
advantageous  (Dock,  1909);  nor  are  these  drugs  entirely  free  from  unde- 
sirable side  actions  (Notthaft,  1910;  iodipin,  Seifert,  Nebenwirk,  1915,  p- 
214). 

lodin-Protein  and  Similar  Compounds. — Todo-albuminates,  -peptonatcs,  -tannates, 
-gelatin ;  iodon,  iodolose,  iodethylglycin,  are  so  rapidly  decomposed  tnat  they  behave  and 
are  excreted  practically  like  inorganic  iodids;  and  have  no  advantage  (Filippi,  1912; 
McLean,  1Q14).  Even  the  relatively  firm  iodalbacid  is  completely  decomposed  before 
it  reaches  the  blood  (Fuerth  and  Friedmann,  1908;  McLean,  1915). 

Iodized  Fats  and  Fatty  Acids. — Iodipin,  sajodin,  etc.,  are  ateorbed,  decomposed  aitd 
excreted  more  slowly  (Winternitz,  1893;  Boruttau,  1910;  Bonanni,  1911;  AbderhaWen 
and  Hirsch,  1911).  This  applies  also  to  iodostarin  (biniodo-taririnic  acid)  and  lipoiodin 
(ethylester  of  biniodo-brassiainic  acid)  (Filippi,  19x2;  Hassel,  19x4). 

McLean  found  that  they  are  retained  mamly  in  the  lipoid-soluble  fraction  of  the  cells; 
and  therefore  enter  the  nervous  system  more  freely  than  inorganic  iodids.  Their 
final  excretion  is  in  inorganic  form  (McLean,  1914,  19x5). 

M.  Jacoby,  1916,  claims  that  the  storage  of  iodin  in  tissue  fat  does  not  occur  when 
iodized  fatty  acids  are  administered  as  such,  by  mouth ;  but  only  when  they  are  given  in 
the  form  of  their  calcium  salt.    This  needs  confirmation. 

Urine  Flow. — Iodids  have  a  saline  diuretic  action  somewhat  greater 
than  that  of  chlorids  (according  to  Cushny's  theory,  because  they  are  not 
reabsorbed  as  well  from  the  urinary  tubules). 

Other  Secretions. — Iodids  increase  the  secretion  of  bronchial  mucus 
and  render  this  less  viscid.  They  are  therefore  used  as  liquefying  expec- 
torants. This  may  also  contribute  to  their  action  in  asthma.  The  seat- 
tion  of  saliva  is  not  affected  (V.  E.  Henderson,  1910).  Thdr  use  in 
chronic  mercury  and  lead  poisoning  is  probably  due  to  the  conversion  of 
the  stored  metals  into  more  soluble  compounds,  but  this  is  hypothetical. 

Sexual  Functions. — Iodids  are  said  to  increase  menstruation;  to  decrease  the  sectt- 
tion  of  milk:  and  cause  atrophy  of  the  mammary  gland.  Free  iodin  or  loose  iodiB 
compounds  (not  KI)  produce  sterility  in  both  sexes.  The  ^rmatoblasts  show  histo- 
logic changes,  and  the  formed  spermatozoa  are  also  affected  (L.  Adler,  19x4). 

Metabolism. — Iodids  produce  no  demonstrated,  definite,  direct  effects  on  nofsul 
metabolism.  Their  continued  use,  however,  leads  to  malnutrition,  as  described  widei 
iodid  cachexia.  This  may  be  due  partly  to  their  influence  on  the  thyroid  gUnd  (xc 
under  Thyroid). 

There  may  be  some  increase  of  urea,  total  nitrogen,  uric  add,  purin  bases,  and  diknd 
excretion  (Chistoni,  191 1). 

Hypodermic  injection  of  large  doses  may  produce  ne  effect  or  oonsidcmUe  iiicn«e 
or  decrease  of  metabolism  (Sgalitzer,  1908). 

Normal  Occurrence  and  Relation  to  Thyroid. — The  thyroid  j^asd  con- 
tains a  fairly  high  percentage  of  iodin  as  thyroxin.  It  can  be  incnased 
by  the  administration  of  iodin  or  any  of  its  compounds.  There  arc  quan- 
titative di£Ferences,  the  I  of  bladderwrack  being  perhaps  100  times  as 
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Trove  as  that  of  KI;  probably  because  it  is  more  easily  assimilated  by  the 
colloid  (Hunt  and  Seidell,  1910). 

RapUlity  ttf  Fixation  in  Thyroid. — Injecting  intravenously  50  mg.  of  KI  into  dogs, 
JMnnnt*  and  Kogoff,  1916,  found  the  fbtation  completed  in  tive  minutes;  i.e.,  as  much 
biJHl  been  fixed  in  the  thyroids  of  the  dogs  killed  iUter  this  interval,  as  in  those  killed 
^Bbcr  30  hours.     None  was  h\ed  by  the  liver  or  spleen. 

The  normal  occurrence  of  iodin  in  animal  and  plant  tissues  vas  studied  by  Cameron, 
1914;  in  foods,  by  l-'orbes  and  Bcegle,  1916). 

Use  in  Goiter. — The  careful  administration  of  iodids  prevents  simple 
goiters,  and  causes  a  regression  of  active  thyroid  hyperplasia  into  the 
relatively  harmless  colloid  type  of  goiter. 

Marine,  191 1  and  1912,  advocates  the  Syrup  of  Ferrous  lodid,  in  doses 
increasing  gradually  from  0.3  to  1.2  c.c,  5  to  20  drops,  per  day. 

Prevcntmn  of  Goiicr. — The  efficiency  was  tested  by  Marine  and  Kim- 
ball, 1917,  and  Kimball  and  Marine,  1918,  on  a  large  group  of  school  girls 
in  the  Lake  Erie  goiter  district.  Sodium  iodid  was  used,  about  0.3  gm. 
per  day  (in  5  c.c.  water)  for  10  days  twice  per  year,  in  May  and  November. 
None  of  the  treated  cases  developed  any  thyroid  enlargement;  whereas 
this  developed  in  25  per  cent,  of  the  untreated.  A  third  of  the  existing 
goiters  shrank  or  disappeared  after  the  treatment.  None  developed  any 
Basedow  symptoms.     Iodid  rash  occurred  in  only  l^  P^**  cent. 

Toxic  Ejects  in  Goiter. — Goiterous,  especially  Basedow  patients, 
often  react  badly  to  the  large  doses  of  iodid  which  are  commonly  used  in 
other  diseases;  presumably  by  the  overproduction  of  thyroxin  in  the 
hyperplastic  gland  The  patients  become  emaciated,  even  when  the 
appetite  remains  good.  There  are  nervous  and  psychic  disturbances, 
sometimes  fever.  The  symptoms  are  described  in  detail  by  Oswald,  1915. 
The  effects  do  not  cease  promptly  when  the  administration  is  suspended 
(Krehl,  1910). 

Use  in  Circulatory  Diseases. — Iodids  are  extensively  employed  in 
arteriosclerosis,  coronary  sclerosis,  angina  pectoris,  aneurism  (Bouillaud, 
1858),  etc.  In  the  lighter  grades  of  these  conditions  their  continued  ad- 
ministration seems  to  give  gradual  reUef  to  the  functional  phenomena, 
e^>ecially  the  pain;  but  probably  without  effecting  a  cure.  The  efTects 
are  not  due  to  any  change  in  the  blood  pressure,  but  probably  to  structural 
alterations  in  the  vessel  walls,  perhaps  absorption  of  cellular  exudates; 
analogous  to  the  effect  on  syphilis.  Id  many  cases,  a  syphilitic  factor  is 
directly  concerned. 

Direct  Ad i/m  on  CirnUation. — Potain  and  others  supposed  that  the  iodids  lower  blood 
pressure  by  depressing  the  heart  or  blood  vessels.  This  applies  to  fatal  doses  of  KI,  but 
IS  then  a  ptiiassium  efFect.  Ordinary  doses  have  no  cneci  on  the  blood  pressure  in 
normal  men  or  animals  (Stockman  and  Charteris,  1901).  The  slight  circulatory  changes 
in  intravcnuu!^  Injection,  described  by  Lchndorfl,  1914,  and  Machl,  1914.  seem  practi- 
cally insignificant.  Salant  and  Livingston,  1916,  observed  no  effects  on  the  circulation 
jiof  fro^  or  mammals,  even  with  fairly  high  concentrations  of  Nal.  (The  intravenous 
iinjection  of  free  iudin  markedly  dcprt-SAcd  the  circulation  in  cats,  not  in  dogs.) 

kThc  blood  pressure  in  arterial  hjpcrtonus  is  also  unafTeciwl  acutely,  and  probably 
ven  with  continued  administration  (Hewlett.  IQ12).  On  the  other  hand,  some  clinicians 
claim  a  definite  fall  (/  /.  Kutkcw-itch,  2  Gm.  daily).  There  is  also  a  fall  in  lead  poisoning 
jprobably  indirect  (Capps,  iq??).  Gyrewitsch,  1907,  frrquenlly  obscrx'cd  increase  of 
flpulse  rate  with  iodid  tidministration.  Tins  may  have  been  a  thyroid  cilect. 
^  isofaUd  Heart  and  Arteries. — Macht.  i0'4i  investigated  the  cBccls  of  replacing  part 
kit  the  NaCL  of  Locke's  solution  by  Nal  or  KCl.  The  results  can  not,  of  course,  be 
•transferred  to  intact  animals,  or  man,  since  tliey  involve  diiierent  concentrations.  He 
concludes  that  the  iodid  and  Na  ion  stimukte  the  heart  and  constrict  the  vessels^ 
Si 


8i8 


MANUAL    OF   PHARMACOLOGY 


the 

dJacH 


the  cardiac  stimuUtion  being  strong  for  iodid,  weak  for  N&.    The  K  ion  depres«£s  the 
heart  and  relaxes  the  vessels.     Very  weak  solutions  of  metallic  iodin  are  also  slimula 
stronger  concentrations  are  toxic.     Salant  and  Livingston,  1916,  found  that  tlic 
fusion  of  dilute  solutions  of  free  iodin  through  the  isolated  frog-heart  produces  card 
irregularity  and  depressant  after-effects.     More  concentrated  solutions  cause  greater 
irregularity  and  diastolic  arrest. 

Decreased  Viscuiity  af  the  Rhiul. — lodiHs  and  sulphocjTinids  decrease  the  viscosity  of 
colloids  (Pauli,  1Q03;  llie  other  haloid  ions  have  a  similar  but  weaker  effect;  Gaxzeti, 
IQ13).  O.  Mueller  and  Inada,  1904,  claimed  diminished  viscidity  of  the  blood  frna 
therapeutic  doses,  and  advanced  this  as  an  explanation  of  the  circulator>'  effect.  TMs 
could  not  be  confirmed  by  Determann,  190S;  Dctermann  and  Brocking,  igia;  Laui 
and  Vergano,  igzz,  Tscheooksarow,  igi.^,  and  Partunier,  19x7.  Chistoni,  xgio,  found 
more  positive  results.  The  changes  are  evidently  inconstant,  and  perhaps  cvta  acd- 
dcntaf;  they  arc  so  small  that  they  would  have  no  significance. 

Ephifphrin  Atheroma. —  Koranyi.  1906,  claimed  that  this  could  be  presented  by 
iodids;  but  tliis  has  been  disproven  (Biland,  1906;  L.  L.ocb  and  P'leishcr,  1907;  Hcdingrr 
and  Locb,  1907;  Kiicnebcrger,  190;). 

Trench  Foot. — Sweet,  Norris  and  VVilmer,  igrS  claim  that  potassium  iodid,  4  gm.  per 
day,  gives  decided  relief  to  the  pain  within  34  hours.  The  observations,  and  the  theor} 
on  which  they  arc  based  would  need  confirmation. 

Iodids  in  Syphilis. — The  use  of  iodids  in  sj^hilis  was  introduced  by 
Wallace,  1836.  I^rge  doses  are  used  in  the  various  tertiary  and  late 
secondary  manifeslations.  They  give  marked  relief,  largely  by  leading 
to  the  absorption  of  gummatous  formations.  They  are  not  curative,  and 
do  not  affect  the  Wassermann  reaction  or  spirochetes.  The  mechanism 
of  their  action  is  not  explained,  but  is  perhaps  analogous  to  the  irritant 
phenomena  of  iodism.  It  has  been  suggested  that  they  cause  the  pro- 
duction of  a  proteolytic  ferment.  This  is  plausible,  but  requires  further 
proof.  Longcope,  1914,  suggested  that  the  breaking  down  of  5>'phililit 
tissue  favors  the  access  of  mercury  or  arsenic  lo  the  spirochetes. 

Analogous  Reactions  irt  Tuberculosis  and  Other  Conditions. — Iodids  produce  a  simikr 
resorptive  action  on  the  granulations  of  actinomycosis,  sporotrichosis  and  blastomj-co- 
sis.  In  tuberculosis,  they  soften  the  connective  tissue  and  the  tubercles,  and  cause  > 
reaction  similar  to  tuberculin.  They  have  an  analogous  effect  in  leprosy  and  prodoct 
febrile  reactions  in  a  variety  of  infections. 

Experimental  sporotrichosis  of  rats  responds  promptly  to  iodids,  and  is  »uggcstnl 
for  the  investigation  of  iodid  aetinn  (1).  J.  I>avis,  1919). 

Iodids  arc  said  to  be  contraindicated  in  tuberculosis.     Sorel,  1909.  found  'Ha!  •hr\ 
hasten  death  in  experimental  tubercular  infection  of  guinea  pigs,  but  the  di: 
of  iodin  Ls  not  greater  for  tuberculous  guinea  pigs  than  for  the  normal  \  \ 
Naota,  1916). 

Luctiu  Reaction. — Administration  of  potassium  iodid  or  other  iodin  compoaoAi 
leads  to  a  positive  pustular  or  nodular  luetin  reaction,  even  in  non-syphilitics.  Mfl(^ 
over,  the  mtradermal  injection  uf  a^ar  or  starch  alone  produces  similar  reaction  to 
iodized  patients  (Shcrrick,  1915);  Kolmcr,  Matsunami,  and  Broadwell,  1916;  StokcSi 
1917) 

The  minimal  total  dose  of  KI  required  to  provoke  the  reactions  is  about  6olo;r 
grains.    The  dose  of  organic  iodin  com{K)unas  is  not  strictly  proportional  to  lh«r 
iodin  content  (Par.N'zek,  1917)-     Bromid  and  nitrates  also  provoke  the  reaction,  be' 
not  as  powerfully  (Cole  and  Paryzek,  1917;  Koimer  ct  al.,  1917). 

OUUr  Theories  of  Mechanism  of  AntilueSic  Action. — Numerous  theories  have  ter- 
proposed  without  adequate  e\'idence  (Capps,  igia).  The  alterations  produced  by  »!' 
action,  and  the  effect  on  the  th\Toid,  may  play  a  part;  but  other  sahs  and  thjToid  it*'-!' 
lack  the  antiluetic  action.  Binz,  1875  and  1894,  suggested  the  liberation  of  free  wdii 
but  this  is  impossible;  nor  is  free  iodin  especially  toxic  to  spirochetes;  the  todidioai* 
not  toxic  (Akatsu,  1917). 

Heinz.  1899.  describes  increased  leucoc>tosis  and  IjTnph  flow,  and  a^wrmrt  incrca*^ 
permeability  of  the  blood  vessels.  Hirsch,  1914,  however,  did  not  (iod  the  phagoeyo^' 
remoxTil  of  tubercle  bacilli  hastened  by  daily  KI  administration. 

In  reviewing  these  various  theories,  one  must  be  struck  by  the  fact  that  the  re»B(i^ 
of  iodid  are  altogether  too  specific  to  be  explained  by  such  general  aod  indel^ 
explanations. 
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Ferment  Theory. — The  resorptive  action  of  iodids  on  various  pathologic  tissues,  and 
the  similarity  of  its  febrile  and  inflammatory  reaciiuns  to  anaphylaxis,  suggest  the  pos- 
sibility that  it  may  cause  or  favor  proteolysis  under  certain  cnnrlilions. 

All  the  phenomena  would  thus  be  brought  under  the  same  heading;  the  luetic^ 
tubercular  and  other  pathologic  tissues  merely  having  an  exaggerated  susceptibility  to 
the  proteolytic  and  anaphylactic  phenomena  of  indism.  These  views,  although  plausi- 
ble, have  as  yet  no  firm  experimental  foundation. 

Several  observers  have  described  a  rather  doubtful  acceleration  of  autolysis  by  the 
addition  of  iodid,  in  vitro;  and  a  more  dcfmite  acceleration  after  the  administration  of 
iodid  (Stookcy,  1907;  Kepinow^  iQii;  Kashivvabara,  IQ12;  Morse,  19151. 

Dick  suggested  that  iodids  lead  to  the  production  of  a  proteolytic  ferment.  Jobling 
and  Peterson,  1914  and  1915,  on  the  other  hand,  believe  that  they  restrain  the  antitryp- 
tic  activity  of  the  serum  and  tissues,  by  binding  the  unsaturated  carbon  atoms  of  tne 
antitryptic  lipoids,  thus  permitting  the  autolytic  digestion  of  the  necrotic,  luetic  or 
tubercular  material,  etc.  In  support  of  this,  they  find  that  the  antitr>ptic  po\ver  of 
serum  or  caseous  tubercular  material  is  actually  diminished  by  incubation  with  lodia 
or  iodids;  that  full  doses  of  iodid,  administered  to  man,  greatly  lower  the  antifcrmcnt 
index  of  the  serum,  which,  however,  recovers  with  the  outbreak  of  iodism;  and  that  the 
adcnimstration  renders  caseous  tuberculous  material  digestible,  explaining  the  appear- 
ance of  tubercle  bacilli  in  the  sputum.  They  assume  that  gummas  would  be  similarly 
digested,  thus  also  exposing  tne  spirochetes  to  the  germicidal  action  of  mercury  or 
arsenic.  It  will  be  seen  that  the  theory,  although  atlrdctive,  still  involves  some  un- 
proven  assumptions. 

Use  in  Other  Conditions.—Iodids  are  also  employed  to  cause  the  absorption  of  non- 
luetic  hyperplastic  tissue;  to  reduce  clu'onic  inflammatory  swellings;  against  lymphatic 
swellings;  in  gout  and  chronic  rheumatism;  in  neuralgias;  in  asthma,  etc.  The  mechan- 
ism of  their  action  is  probably  analogous  to  that  in  syphilis;  in  many  cases  there  may  also 
be  an  undiscovered  luetic  factor.     The  action  on  bronchial  muscle  is  doubtful  (Titone, 

lodisxn. — The  use  of  iodids  is  apt  to  produce  irritative  phenomena 
of  the  skin  and  mucous  membranes,  taking  the  form  of  various  rashes, 
and  of  coryza,  headachCj  conjunctivitis,  laryngitis,  bronchitis,  etc. — i.e., 
the  various  manifestations  of  a  "cold.''  Less  common  are  stomatitis, 
parotitis,  anorexia,  etc.  The  skin  affections  generally  occur  somewhat 
later.  They  may  consist  in  acne,  furuncles,  erythema,  purpura,  urticaria, 
vesication,  etc..  and  these  may  be  accompanied  by  fever.  The  lesions 
sometimes  resemble  gummas. 

The  siisceptihUity  to  these  irritations  varies  greatly.  They  may  set 
in  a  few  hours  after  a  relatively  small  dose  or  only  after  ihe  long-con- 
tinued use  of  large  doses;  or  again,  the  symptoms  produced  by  small  doses 
may  disappear  when  the  dosage  is  increased.  They  are  more  common 
when  the  excretion  is  interfered  with  by  nephritis  (v.  Noorden,  iqo8). 
They  disappear  in  a  few  days  when  the  drug  is  discontinued.  They  may 
be  produced  by  any  iodin  compound,  e.g.^  iodoform;  but  probably  only 
after  the  dissociation  of  the  iodid  ion.  They  were  formerly  attributed  to 
the  liberation  of  free  iodin  by  carbonic  acid,  sebaceous  secretion,  etc. 
(Adamkievicz). 

There  is  no  good  evidence  for  this  view  (Unna,  191 2).  It  is  doubtless 
incorrect,  for  it  is  difficult  to  conceive  how  iodin  could  be  liberated  under 
the  conditions  of  the  body;  and  similar  symptoms  are  produced  by  the 
related  sulphocj'anid,  from  which  no  irritant  clement  could  be  liberated. 

The  caLirrhal  phenomena  can  be  suppressed  in  one  to  three  days  by  the  administra- 
tion of  calcium  lactate,  4  Gm.  per  day  (Velden,  igij);  but  the  continued  use  of  calcium 
Jnty  have  drawbacks  which  probably  make  it  inadvisable. 

Iodin  "  Antiphytaxis." — Oberracyer  and  Pick,  1904,  observed  that  the  injection  of 
«itim  that  had  been  treated  with  iodin  produces  a  universal  precipitin  in  the  serum  of 
the  injected  animals;  so  that  thi.s  precipitates  with  the  serums  of  all  species. 

U'olff- Eisner  suggested  that  similar  ejects  might  be  produced  by  the  administration 
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of  iodin  compounds, «'.«.,  that  this  resulted  in  iodized  proteins,  and  in  antibodies  against 
these,  which  might  produce  anaphylaxis  if  iodin  were  agian  administered.  This 
hypothesis  seemed  to  find  partial  substantiation  in  the  claim  of  Bruck,  1909,  that  the 
injection  of  the  blood  of  patients  with  iodid  idiosyncrasy  rendered  guinea  pigs  faypenus- 
ceptible  to  iodoform;  and  according  to  Klausner,  iqio,  also  to  potasraum  ioidid.  O^e, 
X911,  however,  failed  to  confirm  this;  nor  could  he  transfer  passively  a  faypenascq>ti- 
bility  to  copaiba.     The  matter  is  evidently  not  so  simple. 

The  work  of  Friedberger  and  Ito,  19x2,  has  extended  the  sensitizing;  effect  to  guina 
pigs  serum  iodized  outside  of  the  body,  or  by  the  intravenous  injection  of  free  iodin. 
They  obtained  the  following  results: 


Sensitizing  injection                    Provocative  injection 

HypenuKeptibaitr 

Iodized  guinea  pig  serum 

Iodized     serum    of    foreign 
species 

Absent 

Iodized  guinea  pig  serum 

Iodized  guinea  pig  serum 

Present     (also    antJanaphy* 
lactic  against  3d  injection) 

Iodized  guinea  pig  serum 

Sodium  iodid,  Lugol's  solu- 
tion, iodoform 

Present 

Lugol's  solution 

Iodized  guinea  pig  serum 

Present 

Luogol's  solution 

Sodium     iodid     or    Lugol's 
solution 

Absent 

Iodid  Cachexia. — The  continued  administration  of  iodid  may  also  lead 
to  anemia,  emaciation,  lowered  tone,  mental  depression,  nervousness, 
insomnia,  nervous  tachycardia,  sexual  impotence,  etc.  The  phenomena 
result  partially  from  the  catarrhs,  the  thyroid  action,  etc. 

Acute  Effects  of  Intravenous  Injection. — ^Large  doses  (0.8  Gm.  Nal  per  Idlognm) 
produce  death  in  twelve  to  thirty-six  hours,  with  symptoms  of  centra!  paralysis. 
Autopsy  shows  pleural  exudation;  often  with  pulmonary  edema  and  pericudial  effuaoo 
(Boenm,  1876;  Chiari  and  Januschke,  1910).  Similar  effects  are  produced  with  hyjio- 
dermic  but  not  with  oral  administration  (Sgalitzer,  1908).  The  symptoms  are  comptcs, 
and  the  statements  regarding  central  actions  are  contradictory,  and  probablv  untrust- 
worthy (Barbera,  1900;  Jodlbauer,  1902;  Heinz,  1898).  Intravenous  injection  is  ftlso 
said  to  paralyze  the  vagus  endings  and  to  lower  the  excitability  of  the  depressor.  U 
frogs  the  iodids  produce  rigor  and  addity  of  the  muscles  (Stockman  and  Chartcris, 
1901). 

Respiratory  Center. — The  perfused  respiratoiy  center  is  stimulated  by  iodid, 
bromid  and  nitrate  ions  (Macht  and  Hooker,  1918). 

Choice,  Administration  and  Dosage. — KI  is  generally  prefored, 
although  it  has  probably  no  real  advantage  over  Nal.  It  is  best  admin- 
istered freely  diluted  with  water  or  milk,  an  hour  after  meals.  The  dosage 
for  non-syphilitic  conditions  is  from  0.3  to  2  Gm.,  three  times  daily.  In 
lues,  this  is  often  raised  to  5  Gm.  or  more.  If  may  be  started  with  ? 
drops  of  the  saturated  solution,  increasing  each  dose  by  i  drop  (i  gr.) 
each  day,  reducing  the  dose  if  iodism  becomes  severe.  In  syphilis,  one 
may  begin  with  doses  of  1.5  Gm.,  increasing  by  0.3  Gm.,  every  second 
day.  Infants  tolerate  large  doses  (in  meningitis,  to  23  per  day;  A. 
Jacobi). 

Intravenous  Iodid  Therapy. — In  view  of  the  rapid  absorption  of  the  iodids,  intra- 
venous administration  cannot  possibly  have  any  advantage.  Nevertheless,  it  has  ben 
used  (7.5  gm  of  sodium  iodid  as  8  per  cent,  solution,  daily;  R.  C.  Howard,  1918). 
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Solutions  in  Roentgenography. — D.  F.  Cameron,  igtS,  found  that  solutions  of 
tassium  or  pr(?ferably  sodium  iodid  cast  definite  shadows,  and  are  harmless  to  the 
tissues.     He  recommends  15  percent,  for  the  bladder;  35  to  30  per  cent,  for  kidneys;  and 
50  per  cent,  for  sinuses. 

Incompatibilities. — lodids  should  not  be  used  with  calomel  or  hydrogen 
■pero.xid,  even  in  separate  prescriptions.  They  precipitate  hea\^  metals 
and  some  alkaloids  (strychnin).  They  are  incompatible  with  mineral 
acids  and  oxidizing  agents.  Salts  or  solutions  which  have  become  yellow 
by  liberation  of  iodin  should  not  be  dispensed, 

I  PREPARATIONS — lODlO 

Acid  Hydriod.  Dil.,  U.S. P..  B.P.;  10  per  cent,  of  ITI. — Colorless  or  pale  yellow, 
odorless  liquid ;  strongly  acid  taste.  Shoulcl  not  be  used  if  colored  more  than  pale  yellow. 
Z)ose,  0.5  C.C.,  5  minims,  U.S.?.;  o.ji  to  0.6  c.c,  5  to  ro  minims,  B.P.;  diluted. 

Syr.  Acid.  Hydriod..  U.S.P.,  B.P.— i  per  cent,  of  HI.  Dose,  4  c.c,  i  dram,  U.S.P.; 
X  to  4  c.c,  }-i  to  1  dram,  B.P. 

Ammon.  lod.,  U.S. P..  NH  J. — Minute,  colorless,  cubical  crjTitals,  or  a  white,  granu- 
lar powder;  odorless;  sharp,  saline  taste.  Very  hygroscopic,  incompatibilities,  as  Pot. 
lod.  Very  sol.  in  water  (1:0.6);  freely  sol.  in  aic.  (1:3.7)  or  glyc.  (1:1.5).  -Oow,  0.3 
Cm.,  5gT-.  U.S.P. 

(*Syr.  Ferr.  lod.,  U.S.P..  B.P. — Each  cubic  centimeter  is  equivalent  to  0.0535  Gm., 
&.S5  gr.,  of  iodin:  sec  Iron  Preparations.) 

*Potassii  lodidum  (Pot.  lod),  U.S.P.,  B.P.;  KI.— Colorless  cubical  crystals,  or 
Vrhite  granular  (mwder,  faint  iodid  odor,  sharp  saline  inste.  Jmompalible  with  mineral 
ftcids,  oxidizing  agents,  and  many  alkaloids.  Ver>-  sol.  in  water  (1:0.7);  ^1-  in  ale. 
fi:  22)\  freely  sol.  in  glyc.  (1:2).  Dose,  o,j  Gm.j  ■;  ip-..  U.S.P.;  0.3  to  1.2  Gm.,  5  to  20 
kr.,  B.P.  A  1:1  solution  (i  minim  =  i  grain)  v&  convenient  for  dispensing :  Dissolve 
1 3  in  5^43  of  water,  and  make  up  to  1  fld.  5- 

Lin.  Pot.  lod.  C.  Sap.,  B.P.— 1  j  per  cent,  of  KI  (Irrational), 

Ung,  Pot,  lod.,  B.P. — 10  per  cent,  of  KI  (Irrationa!]- 

*Sodii  lodidum,  U.S. P.,  B.P.;  NeI. — Properties  and  dose  similar  to  KI.  Very  sol. 
ip  water  f  1:0.55);  freely  sol.  in  ale.  (1:2)  ana  in  give.  (1:1). 

[     SirorU.  lod.,  U.S.P.,  Srlj  +  6HtO.— Very  sol.  in  water  (i:o.a);  sol.  in  ale.    Dose, 
M  Gm.,  5  gr. 


SDLPHOCYANTOS  (THIOCYANATES ;  RHODANATES) 

These  produce  actions  resembling  the  iodids;  but  their  use  has  not 
l>ccome  popular.  They  are  not  dissociated  into  cyanids,  and  arc  relatively 
non-toxic.  Their  normal  occurrence  in  the  saliva  is  interesting,  but 
without  much  practical  significance. 

Iodid  Effects. — NaSCN  influences  the  aggregation  of  colloids  in  the  same  way  as  the 
fedid  ion,  being  even  somewhat  more  solvent.  This  analogy  suggested  a  therapeutic 
trial.  In  the  limited  numt>cr  of  cases  in  which  it  has  been  tested,  it  was  found  to  affect 
neuroses,  arteriosclerosis,  and  syphilis  in  a  manner  analogous  to  the  iodids,  being  even 
tomcwhat  stronger  (Pauli,  ipoi  and  igio).  It  also  hastened  the  elimination  of  metals 
•^perhaps  by  rendering  the  metal-protein  compounds  morr  soluble.  It  resembles  the 
lonids  further  in  producing  cotyza,,  acne,  and  other  symptoms  of  iodism.  Corpcr.  lo^S* 
observed  no  results  in  tuberculosis.  NerkJng.  1013.  repttrts  many  disagreeable  effects, 
especially  in  gastric  hyperacidity.  A  conspicuous  difference  from  iodids  lies  in  the  fact 
that  it  does  not  act  on  the  thyroid  gland.  It  was  used  as  the  sodium  sulfofyanid.  in 
the  maximal  dose  of  i  Gm.  (15  gr.)  per  day-  This  salt  is  quite  soluble  in  n-ater.  The 
potassium  salt  could  probably  be  used  in  the  same  dose. 

Toxic  Actions. — The  earlier  author?  (CI.  Bernard,  etc.)  considered  the  sulphocyanlds 
relatively  non-toxic;  and  as  mentioned,  tlicy  have  been  used  tlierapeutically  in  graro- 
F.  Franz,  1012,  confirms  that  no  cyanid  is  split  otT  in  the  animal  organism, 
ntravcnou.'^ly,  very  large  doses,  o.oS  Gm.  per  kilogram,  produce  no  toiic  symptoms. 
ven  o.j6  Gm.  per  Kg.  intravenously,  produces  practically  no  effect  on  tlie  circulation 
respiration  or  bile  and  urine  flow  (Gics,  Lieb,  and  Kahn.  1014).  No  effects  resulted 
maa  from  the  continuous  administration  of  ^  to  a^  grains  per  day.    The  minimal 


MANUAL   OF   PHARMACOLOGY 

lata]  dose  by  vein  for  rabbits  is  placed  by  Corper,  1915,  as  0.4  to  0.6  Gm.  per  kil 
By  mouth  there  were  only  the  local  salt  actions.    Lodholz,   1905,  described  to: 
effecUi  from  KSCN,  which  must  have  been  due  either  to  the  potassium  or  to  impuritiei 

The  recorded  deaths  lo  1916,  attributed  to  ammonium  sulphocyanid  arc  abstracted 
in  Am.  Joum.  Pharm.,  ^8:571:  Journ.  Pharm.  Chcm.,  14:87. 

SkeUUU  Muscle. — Immersion  of  a  frog's  gastrocnemius  in  a  2  p>er  cent,  solutioo  q( 
sodium  sulphocyanid  (in  Ringer's  solution)  produces  a  strong  primar>'  contiactioi^ 
followed  by  jn^dual  increase  of  tonus,  slow  waves  of  contraction  ana  intermittent  twitchi^ 
ings  (Worthinglon,  191 2;  Langley,  1916),    At  fixBt  these  are  arrested  by  curare,  /.c^l 
they  arc  of  nervous  origin.     As  the  concentration  in  the  muscle  rises,  howc\'cr,  tht 
muscle  substance  is  also  involved,  so  that  curare  becomes  ineffective  (Langley,  1916). 

Occuirence  in  Saliva. — Sulphocyanid  is  found  in  the  human  parotid  and  subm&xil 
lary  saliva,  but  not  in  all  individuals;  also  in  the  saliva  of  many  animals,  not  in  doBud 
horses.  It  is  ab.sent  in  new-born  infants  (Riitershain);  also  in  suppurative  midme-*aT 
disease  (Juergens.  1901).  It  is  found  in  other  mucosse  (nasal,  conjunctival,  gastrin) 
It  is  excreted  quantitatively  in  the  urine  and  feces  (PoUak,  1903;  A.  Meyer,  i904),grQeT' 
ally  in  the  proportion  of  i:2  (Giesand  Kahn,  1912).  In  dogs  in  which  it  is  absent  froa 
the  saliva,  it  occurs  in  the  blood,  liver,  intestines  and  urine  (Kahn,  1912).  In  nc^mal 
dogs,  it  is  present  in  the  urine  lo  the  extent  of  o.ooi  per  cent.;  in  the  blood,  o.ooj  pef 
cent.;  in  tne  bile,  from  nothing  to  0.033  pcr  cent.  (Gies,  Lieb  and  Kahn,  IQ14).  Ill 
quantity  depends  on  the  available  supply  of  CN  radiuil.  It  is  formed  when  HCV 
is  administered,  constituting  a  chemicaf  disintoxication  mechanism.  Its  quantity  is 
increased  by  tobacco  smoke,  which  contains  HCN.  It  is  also  increased  by  fecdio* 
amino-acids  (alanin)  and  acetonitrile;  not  by  sulphur,  sulphid,  thiourea  or  taurin.  It 
is  probably  produced  from  the  protein  in  the  liver  (Kahn),  the  saliva  being  merdyw 
excretor>'  channel  (Souza,  1907). 

Dezani,  1918,  confirms  that  the  excretion  in  dog's  urine  varies  with  tbe  nitroiteii 
intake,  so  that  it  is  apparently  derived,  at  least  in  part,  from  the  food. 

Its  content  in  the  saliva  has  no  relation  to  tooth  decay  (Lothrop  and  Gies,  igii) 
The  quantities  present  in  the  mouth  could  not  have  an  antiseptic  effect  (Gies  wd 
Kahn.  tqti  ana  1913);  although  sulphocyanid  is  toxic  to  higher  plants;  and  in  grata 
concentrations  also  to  bacteria.  Sulpbucyanic  acid  (0.3  to  0.4  per  cent.)  inhilutsthc 
jjastric  digc^'iion  of  fibrin  (Cavazzani,  1915).  A  comprenensive  review  of  the  titentun 
IS  given  by  Kahn,  xqe2. 
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NITRATES 

Potassium  nitrate,  Saltpeter,  was  formerly  used  as  a_ 

in  fevers,  etc.;  it  is  now  recognized  that  ordinary  doses  do  not  possess 
this  action.  Its  efifects  are  simply  those  of  a  neutral  salt ;  somewhat  moff 
irritant  to  the  gastro-intestinal  tract,  and  somewhat  more  diuretic  tiflc 
NaCl.  It  has  practically  fallen  into  disuse.  Accidental  poisoning  from 
large  doses  is  not  uncommon.  It  presents  the  phenomena  of  gastm- 
enteritis,  similar  to  those  of  all  other  soluble  indifferent  salts.  These 
may  be  serious,  especially  if  it  is  swallowed  undiluted. 

Fate  and  Excretion.— Nitrates  are  readily  absorbed.     Their  excretion  if  aaalu- 
to  that  of  the  halogen  ions,  and  shows  the  usual  mutual  relation  fSoUm&nn).    Pricli- 
cally  the  entire  quantity  is  excreted  undmngcd  (Abderhalden  and  Hirsch,  igii);  hti^* 
small  proportion  may  be  reduced  to  nitrites.    This  reduction  takes  place  ^ 
the  case  of  the  inorgnnic  nitrates,  that  no  nitrite  action  can  ordinarily  be  s< . 
large  doses  may  cause  mcthemoglobin  fom:ation  ( Binz  and  Gcrlingcr.  1901 }.     iic:»'" 
lism  studies  have  given  contnidictory  results  (Grafc  and  Wint-r,  igi^l. 

Normal  urine  contains  o.i  to 0.4  percent,  of  KN'Os.  Thists considerably  mortthia 
is  ingested  with  the  fond,  so  that  a  part  must  be  formed  as  an  end-product  of  metaboBfl] 
(H.  H.  Mitchell,  Shonley  and  Grindley.  1916). 

Nitrates  provoke  tbe  iueJin  reoiiion  (Cole  and  Paryzek,  1917). 

Excised  Ureter, — Non-toxic  concentrations  are  slightly  stimulating  (3ilacbt,  igi] 

Toxic  Symptoms. — These  consist  in  great  abdominal  pain,  xxwuiting, 
frequently  bloody  stools;  irregular  pulse,  convulsions,  and  collapse;  sui^^ 
pression  of  unne,  or  that  passed  is  albuminous  and  often  bloody. 
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gastroenteritis  may  be  so  violent  as  to  lead  to  an  early  fatal  ending.  Of 
the  salts  so  far  studied,  the  potassium  nitrate  is  by  far  the  most  violent; 
30  Gm.  (i5)  may  be  fatal  if  taken  in  concentrated  form. 

Smaller  doses,  long  continued,  cause  a  hemorrhagic  tendency,  edema,  and  fatty 
heart  (FacketmanD,  1S98). 

The  treatment  would  consist  first  in  dilution,  since  they  act  mainly  by 
Wrtue  of  their  concentration.  Large  quantities  of  water  should  be  drunk 
and  the  stomach  washed.  Demulcents— milk,  e^g  white,  acacia — are 
also  useful.    The  symptoms  should  b&  met  as  they  arise. 

PREPARATIONS — NITRATES 

Potassii  Nitras  (Pot.  Nit.),  U.S.P.,  B.P.  (Niter,  Saltpeter),  KNOa.— Colorless,  trans- 
parent prisms,  or  white,  crystalline  powder;  saline,  cooling  taste.  Freely  sol.  in  water 
(i:a.8);  very  slightly  sol.  in  ale.  DosCf  0.5  Gm.,  8  gr.,  U.S. P.;  o.j  to  1.2  Gm.,  5  to  io 
gr.,  B.P .;  diluted. 

Sodii  XUras  (Chili  Saltpeter),  NaNOa. — Freely  sol.  in  water  (x:i.i);  sot.  in  ale 
(x:ioo).    Dose,  as  Pot.  Nit. 


POTASSIUM  CHLORATE 

General  Statement. — A  saturated  (1:16)  solution  is  used  as  an  ant]- 
seplit,jJijiHatgtringent  mouth  wash  "in  stomatitis^,  especially  mercurial  and 
ulceFaUve;  ancTaS  a  gargle  in  pharyngitis  and  tonsillitis.  It  often  sectns 
to  be  effective,  but  its  action  is  unexplained.  It  was  introduced  with  the 
idea  that  it  would  act  as  an  oxidizer,  and  thus  be  antiseptic.  However, 
it  does  not  part  with  its  oxygen  in  the  body,  being  excreted  practically 
unchanged- 
It  should  not  be  employed  internally,  since  this  has  repeatedly  led  to 
serious  toxic  effects  (A.  Jacobi,  1879),  especially  by  the  production  of 
methemoglobin  and  destruction  of  the  corpuscles,  thrombosis,  etc. 
Patients  should  be  cautioned  against  swallowing  the  gargles.  The  popu- 
lar tablets  are  to  be  condemned. 

Excretion. — Chlorates  arc  excreted  mainly  by  the  urine,  but  partly  atso  by  the 
saliva.  The  urinary  excretion  begins  promptly  and  is  completed  within  forty-eight 
hours,  about  90  per  cent,  of  the  chlorate  lidng  recovered  (Roacnbloom).  A  great  deal 
of  this  is  reduced  to  chlorid  after  the  urine  is  voided.  It  is  doubtful  whether  this  reduc- 
tion occurs  ordinarily  in  the  body.  Bromaies  arc  partly  reduced  in  the  lissueSf  and 
iodatfi  intensively,  when  Kiven  by  mouth,  but  not  when  administered  hypodennically 
or  by  vein  (Crt'spolani^  itjog). 

The  distribution  of  fatal  doses  has  been  studied  by  Rosenbloom.  igi  2. 

Blood  Changes. — When  the  chlorates  are  added  to  blood,  either  inside  or  outside  the 
body,  they  effect  ihc  formation  of  mri hemoglobin.  The  chlorate  ion  is  not  used  up  in  this 
pfocess,  so  that  it  may  convert  an  indefinite  amount  of  hemoglobin.  They  differ  in  this 
■cspect  from  the  nitrites  (see  index),  and  their  action  is  in  conseciuencc  more  violent 
*nd  more  prolonged.     They  may  in  this  way  nroduce  an  actual  aspnyxia. 

In  a  severe  case  of  human  poisoning  the  dIochJ»  examined  13  hours  after  taking  the 
chlorate,  contained  both  mcthemoKlobin  and  hcmatin.  Hemolytic  icterus  developed 
Utcr.     Similar  conditions  were  found  in  poisoned  animals  (Feigl,  1916). 

In  addition  to  this  formation  of  methcmoglobin,  the  chlorates  break  up  the  hhod 
^orf>ii\fies  (Huber,  igij).  This  may  produce  embolism;  the  proteins,  etc.,  which  are 
liberated  by  the  destruction  of  the  corpuscles  are  irritant  to  the  kidneys  and  produce 
''iler^'litial  nepfirilis,  with  the  usual  phenomena — proteins  in  the  urine,  casts,  sometimes 
hemoglobin  compounds.     Possibly  the  chlorate  ion  itself  irritates  the  kidneys. 

Fat  embolism  of  the  lungs  and  other  organs  are  also  of  frequent  occurrence,  at  least 
pi  animals  They  originate  from  the  bone-marrow.  The  blood  contains  numerous  nor- 
lasts.  Fragmentation  of  the  heart  muscle  is  a  frequent  cause  of  death{Winogradow, 
). 
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Afetkemoglobin  Formaiion  by  Chlorates. — The  blood  of  different  animaU  shows  a 
different  degree  of  suceptibility  for  the  methemoglobin  formation.  These  differences 
are  common  with  all  poisons  acting  on  the  blood,  espedally  as  between  carnivorous  and 
herbivorous  animals.  The  cause  is  not  understood,  but  is  perhaps  connected  with 
differences  in  the  alkalinity  of  the  body.  The  oonveraion  occurs  fairly  readily  inin 
vilam  in  man,  dog,  and  cat,  while  rabbits  and  guinea  pigs  are  almost  immune.  But  in 
the  test-tube  chlorates  convert  rabbit's  blood,  although  more  slowly  than  dog's.  The 
action  is  much  slower  outside  of  the  body,  often  reouirmg  several  hours. 

The  concentrations  that  are  injurious  for  the  blood  have  been  determined  by  £. 
Caesar,  1918. 

lodates  and  Bromates  have  a  similar  action  on  hemoglobin  (Heinz,  1898). 

Potassium  Chlorate  Poisoning.—This  is  fairly  common,  either  by  an 
overdose,  since  the  laity  does  not  generally  regard  it  as  a  toxic  substance; 
or  by  the  swallowing  of  some  of  the  solution  given  for  gargling. 

Fatal  Dose  and  Course. — The  susceptibility  varies  greatly  and  this  is  one  of  the  prin- 
cipal dangers.  The  variation  may  be  due  to  differences  of  absorption  and  excretioii, 
embolism,  etc.  In  general,  10  Gm.  may  be  considered  as  toxic,  15  to  30  Gm.  as  fatal 
(Lewin).  The  mortality  is  about  70  per  cent.  The  symptoms  may  start  at  once  or  be 
delayed  to  six  hours;  death  may  occur  in  six  hours  to  seven  days. 

Symptoms  of  Poisoning. — These  consist  in  gastritis  (nausea,  vomiting, 
gastralgia) ;  methemoglobinemia  (cyanosis,  coUapse  and  terminal  convul- 
sions) ;  and  nephritis  (lumbar  pain,  anuria,  albumin,  casts,  blood,  etc.). 
The  postmortem  findings  correspond  with  the  symptoms. 

Treatment. — This  consists  in  gastric  lavage,  hot  drinks,  and  sympto- 
matic measures. 

PREPARATIONS — CHLORATE 

*Potassii  Chloras  (Pot.  Chloras),  U.S.P.,  B.P.,  KClOj.— Colorless  crystals,  or 
white  granular  powder;  odorless;  cooling,  characteristic  taste.  Sol.  in  water  (imi-S)! 
nearly  insol.  in  ale;  sol.  in  glyc.  Explosive  when  triturated  with  organic  matter  (not 
when  in  watery  solution).  DosCf  0.35  Gm.,  4  gr.,  U.S.P.;  0.3  to  t  Gm.,  5  to  15  Pt 
B.P. 

Troch.  Pot.  Cklorai.,  U.S.?.  0.15  Gm.,  2}i  gr.;  B.P.,  0.2  Gm.,  3  gr. 

Sod.  Chloras.,  NaClOj.— Freely  sol.  in  water  (1:1);  sol.  in  ale.  (1:100).  Dose,f» 
Pot.  Chloras. 


BROMATES 

These  act  similarly  to  chlorates,  but  are  considerably  more  toxic,  mainly  by  ceotnl 
paralysis  (Santesson  and  Wickberg,  IQ13).  They  form  methemoglobin  in  fUr9,  bat 
not  as  actively  as  chlorates  (v.  Mehring,  1885;  Cushny,  1908). 


lODATES 


Macciotta,  1916,  found  KlOa  to  be  tolerated  without  disturbance,  with  oral  adminis- 
tration of  0.285  Gin-  P^r  l^S-    l^c  urine  contained  no  trace  of  iodate,  but  onlyiodid. 
Hypodermically,  the  above  dose  was  fatal. 


METHEMOGLOBIN  FORMATION^ 

Methemoglobin  contains  the  same  amount  of  oxygen  as  oxyhemoglobin,  butindiffa- 
ent  combination,  so  that  it  is  held  more  firmly  (except  against  certain  reducmg  agents 
(Haldane).  The  two  hemoglobin  compounds  therefore  differ  essentially  in  certaio 
of  their  properties: 

I .  The  spectrum  (see  Fig.  29).  The  color  of  methemoglobin  has  more  of  a  teowiaA 
tinge. 

>  For  Bibliography,  see  Benedicenti,  Archiv  fOr  Phynologie,  z897*  t^  9X0* 
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2.  In  the  readiness  with  which  they  give  up  oxygen.  While  the  oxyhemoglobin  is 
a  very  unstable  compound,  giving  up  its  oxygen  and  taking  it  again,  with  great  readiness, 
roethemoglobin  is  a  comparatively  stable  and  unchangeable  compound. 

3.  In  their  behavior  to  certain  reagents.  For  instance,  HCN  does  not  form  any 
characteristic  compound  with  oxyhemoglobin,  but  with  the  methemoglobin  it  gives 
cyanmethemoglobin.  Similar  compounds  are  formed  with  UtOj,  sulphocyanids,  and 
many  other  salts,  and  also  with  alkalies. 


Red. 


Orange.       Yellow. 


Green. 


Blue. 
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Pic.  }9> — Spectroscopic  bands  o(  blood  pigtncuu. 


Methemogtobin  may  be  formed  from  oxyhemoglobin  in  quite  a  number  of  ways: 
I-  By  oxidizing  agents:  Potassium  chlorate,  ferricyanid,  permanganate,  HiOj,  etc, 

2.  By  reducing  agents:  The  nitrites,  hydroxylamm.  formalin,  iodin,  chrysarobin, 
etc.;  coal-tar  products.  (Phenylhydrazin  also  gives  reduced  hemoglobin,  and  destroys 
some  of  the  hemoglobin  absolutely,  pro<IurJng  a  new  compound  which,  under  certain 
conditions,  yields  a  green  pigment,  hemoverdin.) 

3.  In  the  early  stages  of  putrefaction,  and  by  the  action  of  light. 

4.  By  salts  and  givccrin. 

5.  By  acids  (this  lias  been  denied). 

The  physiologic  significance  of  this  methemoglobin  formation  rests  on  the  stability 
of  the  compound  and  its  consequent  inability  to  carry  out  the  functions  of  oxyhemo- 
globin. This  prwiuces  asphyxia  of  the  tissues.  ]*ure  methemoglobin  solutions  may 
tje  injected  into  the  blood,  without  causing  any  symptoms.  Even  the  urine  remains 
free  from  albumin  or  methemoglobin.  The  compound  is  in  part  secreted  by  the  bile, 
in  part  deposited  in  the  hematopoietic  organs. 

Nor  is  the  temporary  conversion  of  a  considerable  proportion  of  the  oxyhemoglobin 
into  its  isomer  of  great  significance;  for  methemogbbin  is  not  absolutely  stable,  and  as 
aoon  as  the  oxygen  starvation  of  the  tissues  is  carried  to  a  certain  degree,  they  seize 
upon  the  methemoglobin  and  decompose  it.  The  conversion  of  a  third  of  the  hemoglo- 
bin into  methemoglobin  causes  only  vcr>'  slight  s>'Tnptom6;  and  life  is  still  possible  when 
three-fifths  of  the  hemoglobin  has  been  replaced.  Life  becomes  extinct  when  the  hemo- 
globin has  sunk  to  one-third.  The  conciition  can  therefore  become  dangerous  only  if 
the  methemoglobin-former  continues  its  action.  This  docs  not  occur  in  therapeutic 
doses  of  any  of  these  drugs,  but  may  contribute  to  the  fatal  ending  in  cases  of  poisoning. 
The  symptoms  are  those  of  asphyxia.  There  is  a  peculiar  blue  tint  about  the  lips  and 
finger-nails,  etc.  The  methemoglobin  gradually  returns  to  oxy-  or  reduced  hemoglobin 
after  death,  so  that  an  examination  after  several  days  may  fail  to  reveal  its  presence. 

Most  of  these  drugs  transform  the  hemoglobin  inside  of  the  corpuscles,  without 
injuring  the  vitality  of  the  latter;  but  some  cause,  in  addition,  a  breaking  up  of  the 
corpuscles,  and  this  greatly  increases  the  danger.  Aside  from  the  asphyxia  which  must 
be  profKirtioncd  to  it,  the  proteins  and  other  substances  liberated  cause  injur>'  to  the 
ludnc>' — albuminuria,  glycosuria,  methemoglobinuria.  etc.  It  is  also  claimed  that  it 
causes  the  sudden  formation  of  fibrin  ferment,  which  may  then  cause  extensive  inlra- 
\'ascular  clotting.  The  diSbris  is  credited  ^vith  causing  emboli.  But  these  views  are 
not  admitted  by  all  investigators.  A  small  destruction,  Mjch  as  may  be  caused  by  the 
subcutaneous  injection  of  glycerin,  certainly  has  no  permanent  injurious  effect. 
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The  specific  action  of  the  drug  is,  of  course,  joined  to  these  metfaenu>g]obin  effects, 
and  may  entirely  overshadow  them.  Thus,  rabbits  die  of  KCiOi  before  it  comes  to  any 
methemoglobin  formation.  Herbivorous  animals  are,  as  a  rule,  much  le»  subject  to  the 
formation  of  methemoglobin  during  life,  although  their  shed  blood  does  not  differ  in 
this  respect  from  that  of  carnivorous  animab. 

Alkaii-methemoglobin  is  much  more  easily  converted  back  into  oxybemoglobiii. 
The  injection  of  alkalies  has  therefore  been  suggested  in  the  treatment  of  methemo- 
globinemia. Other  treatment  consists  in  the  administration  of  oxygen,  artificial 
respiration,  and  shock  treatment. 


THE  REACTION  OF  THE  BODY  (REMOTE  EFFECTS  OF  ACIDS 

AND  ALKALIES)! 

General  Statements. — The  H^ +>  ions  of  acids  and  OH^"'  ions  of  bases 
part  readily  with  their  electric  charges,  and  therefore  alter  the  state  of 
colloids.  In  this  way,  and  also  by  direct  chemic  changes,  they  produce 
extensive  alterations  in  the  functions  of  cells,  which  would  be  rapidly 
fatal  if  they  exceed  a  certain  degree. 

Actual  Potential  and  Total  Acidity  and  Alkalinity.' — ^These  effects  are 
produced  only  by  the  dissociated  ions,  which  represent  the  actual  addity 
and  alkalinity.  The  activity  of  an  acid  or  base  depends  therefore  not 
only  on  its  total  concentration,  but  also  on  its  dissociation.  The  mineml 
acids,/.t'.,  which  dissociate  freely,  are  much  "stronger"  than  equimolecukr 
solutions  of  the  organic  acids  or  acid  salts,  which  dissociate  only  slightly- 
Undissociated  molecules  do  not  exert  these  actions  and  are  practically 
inert  in  this  respect.  They  may,  however,  be  drawn  upon  to  neutralia 
added  acid  or  alkali,  in  proportion  as  the  free  ions  become  combined,  and 
in  ikis  respect  are  equivalent  to  the  dissociated  ions.  They  may  therefore 
be  considered  as  potential  addity  or  alkalinity.  This  relation  was  formeriy 
not  understood,  an3This  has  given  rise  to  much  confusion.  The  ordinary 
methods  of  titration  measure  only  the  total  acidity  or  alkalinity  (actual  -I- 
potential).  In  complex  fluids,  like  the  blood  or  urine,  this  bears  no  rela- 
tion to  the  true  actual  acidity.  The  actual  reaction  is  measured  by  the 
electric  potential;  or  by  the  use  of  a  series  of  indicators  which  are  only 
affected  by  certain  concentrations  of  free  H*+^  or  OH^~^  ions  (Soerensen); 
or  by  determining  the  velocity  of  certain  reactions  (inversion  of  cane-sugar, 
saponification,  etc.),  which  depend  on  the  H(+*  or  OH^""'  concentration, 

Hydrogen-ion  Concentration. — The  actual  reaction  is  also  termed 
the  true  reaction  or  H-ion  concentration.  It  is  generally  expressed  in 
reciprocal  logarithms  (as  the  "hydrogen  exponent,"  "^H" /•*"•>*  solution 
containing  i  molecule  of  dissociated  H^+J  in  io,ooo,cxx>  L.  (i:io^  is 
said  to  have  theH(+>  concentration  of  7.o(also  written  j^H— 7),  etc  This 
constitutes  neutrality^  since  water  dissociates  at  25°  so  as  to  contain  H*"*^* 
and  0H<~^  ions,  each  in  the  proportion  of  io~'.  An  increase  of  H  ions 
means,  of  course,  a  relative  diminution  of  OH  ions  and  vice  versa. 

This  system  of  notation,  although  convenient,  is  at  first  somewhat  confusing.  It 
must  be  remembered  that  fH~  6  (really  io~*)  means  a  higher  addity  than  p>n  «7 
(really  10^').  The  acidity  is  therefore  inverse  to  the  numter.  Also,  since  to^rithms 
are  used,  ^H  =  3  means  an  acidity  1,000  times  as  great  as  ^H  «■  6;  not  twke  as  grttt 

<  The  local  actions  of  concentrated  acids  and  alkalies  are  discussed  under  "Local  Irritsntc" 
sec  Index. 

>  Advanced  students  are  advised  to  consult  the  book  of  MichaeUs,  "Die  Wassentoffiocwn-Katt- 
zentration,"  1915.  for  a  fuller  presentation  of  the  subject  and  detailed  data. 
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The  following  may  perhaps  serve  to  render  the  subject  clearer: 

N 


I.  Hi 
,H6    = 


acid 

I 


I,000,OOQ 


-add 


^7    «  Neutrality 


,H8    = 


pHi4 


N 


1,000,000 

N 


-alkali 


10 


-alkali 


The  older  notation  is  simpler,  but  less  convenient;  ».«.,  H(+)»  3  X  io~'deiK)te» 
t^vice  as  great  acidity  as  i  X  10"'.  0.5  X  10',  one-haU  as  great;  etc 

Actual  Reaction  of  the  Body-fluids. — The  normal  reaction  of  the 
tissues  and  fluids  witiiin  the  body  proper  is  ver\'  near  neutrality,  inclining; 
a  trifle  to  alkalinity  (/>H=about  7.1  to  7.8).  The  gastric  and  intestinal 
juices  and  urine  are  the  only  flui^  m  higher  animals  which  depart  from 
this  rule.  The  neulralily  of  the  blood  is  maintained  even  in  acidosis — 
although  the  cells  where  the  pathologic  acid  is  formed,  probably  develop 
an  increased  acidity,  which  is  supposedly  responsible  for  the  symptoms. 
Normal  living  cells  have  an  alkaline  or  neutral  reaction,  judging  by  intra- 
vitain  stains  (A.  P.  Mathews). 

Reaction  of  Normal  Blood. — The  H(  +  )  of  fresh  de6brinalcd  blood  is  very  weaklv 
alkaline,  almost  neutral.  It  is  slated,  for  instance,  as  0.3  to  0.7  X  io~^  (Friendenthal, 
1004);  pH  =  7.4^  for  arterial,  7.,j  for  venous  (Hassclbach,  1013);  7.6  to  7.8  for  human 
aenim,  y^  to~7.0  for  oxuldtcd  blood  (Lew.  Rowntrtc  and  Marriott,  1915),  at  air  tem- 
perature; at  37*"  tlic  alkalinity  would  be  about  o.i  higher.  Similarly,  excessive  ventila- 
tion of  the  lungs  with  air  or  oxygen  lowers  the  11  concentration  of  the  blood,  whereas 
excessive  \xntilalion  with  COj  increases  it  fMilrov,  1014).  The  COa  tension  has  some 
intlucDce,  so  that  venous  blood  is  a  little  less  alkaline  than  arterial. 

Piilkologu  Blood. — Levy,  et  al.,  found  the  reaction  of  the  serum  in  sixty  miscellaneous 
medical  cases  to  be  norma)  (pH  7.6  to  7.8];  the  whole  blood  was  also  nearly  unchanged 
C'H  7.1  to  7,3).  KNtn  when  symptoms  of  acidosis  are  present,  the  alkalinity  is  but 
little  decreased  (^H  of  scrum.  7.2  to  7.5;  I^cvy  ct  al.  Under  alkali  therapy,  this  is 
restored  toward  normal. 

In  diabetic  coma,  iBcnedict,  1906,  records  an  extreme  change  to  1.5  X  lo"'.  Alasel, 
IQ13,  and  Van  Slyke,  igis.  found  practically  no  change,  except  just  before  death  (7.11, 
Mmsei);  van  Slyke,  however,  ob5er%'ed  that  the  addition  of  HCI  to  acidosis  blood  raises 
Its  H  concentration  much  more  than  when  added  to  normal  blood.  The  essential  blood 
chuigc  of  acidosis  is  therefore  the  diminution  of  the  reser\'e  alkali. 

In  normal  animals,  feeding  wiUi  acids  or  alkalies  has  practically  no  effect  on  the 
H  concentration  of  the  biotKl.  Intravenous  injection  of  acid  into  dogs  or  rabbits  pro- 
duces air  hunger  when  ^H  7.65  is  reached;  death  occurs  with  6.Q  (Levy,  et  ah;  9  X  10"' 
SziUt  1Q06).  At  the  other  extreme,  concentrations  above  pH'  are  probably  also  fatal 
(Rowntree). 

Other  Body  Fluids.— With  few  oxceptions  these  have  about  the  same  reactions  as  the 
serum  (Friendenthal,  1901,  Michaelis,  igt4)-  On  standing  outside  of  the  body,  they 
may  become  acid  (Hanzlik,  [914). 

The  hydrogen  ion  concentration  of  the  cells  must  generally  be  somewhat  higher  than 
chat  of  the  blood,  since  they  supply  the  acid  that  is  excreted  by  the  urine  and  lungs. 

EJfuTums. —  Hanzlik,  1914,  found  the  ,H  of  edema  and  pleuritic  fluids  about  7.1; 
ascitic  fluid,  7.42. 

l^bar  Pneumonia. — The  circulation  in  the  pneumonic  lung  is  so  greatly  restricted 
(Kiine  and  Wintcrnitz,  1915J.  that  a  rather  hign  H-ion  concentration  may  accumuLite. 
Thai  of  the  pre^s-juiceat  autopsy  has  been  obtained  as  pH6  and  even  5.4  (F.  Lord,  IQ19). 
However,  postmorten  changes  might  have  occurred.  Lord  considers  the  acidity  a 
possible  factor  in  recovery,  since  pneumococd  arc  injured  by  pH  7.8,  and  killed  quite 
rapidly  by  6  to  5. 
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Bile. — When  flowing  directly  from  the  Uvcr,  bile  is  nearly  neutral  (0.07  to  o.a  X 
io.~').  That  from  the  gall  bladder  is  more  variable  (6.98  to  7.18)  and  may  become 
slightly  acid  on  prolonged  sojouzii.    (Okada,  19x5;  Quagliariello,  19x6). 

Digestive  Fluids. — The  following  pH  fibres  are  taken  mainly  from  Michaelis,  X914: 
Saliva,  6.9;  gastric  juice,  1.77;  intestinal  juice,  8.0. 

Actual  Reaction  of  the  Digestive  Trad. — This  may  differ  materially  from  the  rcactun 
of  the  digestive  fluids,  since  these  tend  to  be  neutralized  by  each  other,  as  well  as  by  the 
buffer-action  of  proteins.     Bacterial  activity  may  also  introduce  modifications. 

Stomach. — Tne  resting  empty  stomach  may  be  nearly  neutral.  During  the  first 
one  and  one-half  to  three  hours  s^ter  a  meal,  the  acidity  rises  rapidly  to  pH  »  a  or  e\'cn 
i;  depending  on  the  individual.  It  then  remains  stationary  until  nearly  all  the  food 
has  left  the  stomach  (McClendon,  19x5). 

Duodenum. — The  reaction  of  the  duodenal  contents  is  the  resultant  of  the  neutraliza- 
tion of  the  acid  chyme  by  the  slightly  alkaline  intestinal  and  pancreatic  juice  and  bile. 

The  actual  pH  of  the  duodenal  contents,  however,  is  much  more  add.  Myers  and 
McClendon,  1920,  found  the  usual  reaction  in  man  to  be  between  3.2  and  5. 

SmaU  Intestine. — Long  and  Fenger,  191 7,  found  the  reaction  of  the  intestinal 
contents  slightly  acid  throughout  the  small  intestine;  the  acidity  decreasing  somewhat 
with  the  distance  from  the  pylorus.  In  the  human  jejunum,  it  ranged  from  ^H 
=  3.8  to  7.8,  mean  5.8;  in  the  upper  third  of  the  small  intestine  in  hogs,  it  ranged  from 
6.6  to  7.4,  mean  6.7;  in  the  middle  third,  6.5  to  7.6,  mean  6.9;  in  the  lower  third,  64  to 
8.1,  mean  7. 

Similar  figures  were  obtained  in  calves,  lambs  and  dogs.  They  have  been  confirmed 
by  McClendon  et  al.,  1920. 

Milk. — This  is  about  7. 

Cerebrospinal  Fluid. — Hanzlik,  X9X4,  found  this  to  range  between  6.98  and  7.3. 

Hurwite  and  Tranter,  19x6,  found  the  alkainity  constantly  somewhat  higher  than 
the  blood  (average  pH,  fluid,  S.ix;  blood,  7.66;  difference,  0.45).  Tlus  normai  reactioQ 
was  not  changed  in  any  stage  of  syphilis. 

Plant  Cells. — These  may  reach  an  acidity  as  high  as  pB  »  3,  as  shown  by  their 
colors,  which  are  natural  indicators.     (Haas,  19x6). 

Reaction  of  Urine. — ^This  usually  inclines  toward  actual  addity^  the  normal  range  is 
man  being  ^H  —  5.X2  to  7.46;  the  average  about  6.03.  (The  aadity  is  greater  after 
fasting  and  perspiration,  Haskins,  19x4).  It  exceeds  5.0  in  less  than  x  per  cent,  and  5.5 
in  less  than  10  per  cent.  In  most  diseases,  the  addity  averages  distmctly  higher;  in 
cardiac  disease,  about  4.91.  The  highest  addity  so  far  reported  is  4.7  (L.  J.  Henderson 
and  pupils,  1914).     The  reaction  is  determined  mainly  by  the  ratio  of  pho^hates. 

According  to  Cushny's  theory,  the  acidification  of  the  urine  occurs  in  the  tubules  bf 
the  active  re-absorption  of  alkaline  ions;  the  cathions  being  more  eadly  absorbed  than 
the  phosphate  anions.  Carbonates,  being  readily  absorbed,  do  not  contrifcmte  much 
to  the  process. 

On  the  other  hand,  Trevan,  1916,  daims  that  the  acidity  of  the  urine,  from  perfused 
frog  kidneys,  does  not  depend  on  the  absorption  of  alkali,  but  on  the  tubular  excretion 
of  NaHjPO*  being  faster  than  that  of  NajHP04. 

Administration  of  Acids  and  Alkalies  on  Urine. — Acid  sodium  phosphate  raises  the 
acidity,  especially  if  the  urine  was  previously  alkaline;  but  the  addity  does  not  surpass 
the  normal  limit  (^H  raised  from  6.7  to  5.3,  Henderson  and  Palmer,  X9X3;  from  7-^ 
to  4.85,  Hanzlik  and  Collins,  1913).  Alkalies  increase  the  alkalinity  somewhat  be)'oiid 
the  normal  range  (20  to  40  Gm.  NaHCOj  per  day,  ^H  =  8.7  Henderson  and  Paimer; 
4  Gm.,  change  from  6.5  to  7.4,  Hanzlik  and  Collins).  Sodium  dtrate  also  makes  the 
urine  somewhat  alkaline  (7.2  to  7.4,  Hanzlik  and  Collins). 

Regulating  Mechanisms. — Metabolism  leads  to  the  production  of 
acids  (carbonic,  lactic,  sulphujic,  phosphoric,  etc.)  which  would  tend  to 
increase  the  acidity  of  the  body. 

The  carbonates  derived  from  the  combustion  of  vegetable  salts  would 
tend  to  render  it  alkaline. 

However,  the  maintenance  of  the  normal,  nearly  neutral  reaction  is  so 
highly  important  that  it  is  regulated  with  the  greatest  nicety  by  the  use 
of  several  mechanisms.  The  carbonates  and  alkaline  phosphates  of  the 
blood  and  tissues  constitute  a  stock  of  potential  alkali;  and  the  carbonic 
acid  and  acid  phosphates  of  potential  acid.  These  are  sufficient  to  neu- 
tralize at  once  all  ordinary  attempts  to  change  the  actual  reaction.    The 
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iphoteric  character  of  the  proteins  permits  them  to  neutralize  a  limited 
quantity  of  either  acid  or  alkali.  The  administration  of  acid  or  alkalies 
by  mouth  therefore  does  not  change  the  actual  reaction  of  the  blood  and 
tissues,  but  only  the  potctUial  acidity  or  alkalinity,  «.<■.,  the  alkali  reserve. 
The  ammonium  formation,  and  the  excretion  by  the  urine  and  lungs, 
finally  restore  the  equilibrium  of  potential  alkali. 

Neutralization  in  the  Alimentaury  Canal.^ — Neither  acids  nor  alkalies  are 
absorbed  unchanged  from  the  alimentary  canal.  The  alkalies  (including 
the  carbonates)  are  tutUralizcd  by  the  HCl  of  the  gastric  juice.  Or  if 
given  in  larger  amounts,  they  enter  into  loose  Zi\kQX\- protein  combinations 
before  they  reach  the  blood.  The  acids  undergo  a  similar  change,  or  if 
they  are  not  entirely  absorbed  before  entering  the  intestine,  they  are  there 
neutralized  by  the  carbonates.  The  immediate  effects,  then,  would  con- 
sist only  in  altering  the  reaction  of  the  alimentar>'  canal. 

(Concentrated  acids  and  alkalies  produce  corrosions  by  direct  chemic 
actions.     These  local  cflfects  were  considered  under  Irritants.) 

Neutralization  in  the  Blood. — It  is  difficult  to  alter  the  reaction  of 
blood  even  in  vitro.  Friedenthal,  1903,  showed  that  serum  requires,  to 
secure  a  given  change  of  reaction,  thirty  to  forty  times  a^  jpuct?  NaQH,  and 
337  times  as  much  HCl,  as  would  iTe  needecl  in  water.  This  stability 
is  au?To  tTiVpresence  of  the  sails ^f  vjieakly  dissffcriating-acida,  which  limit 
the  liberation  of  H''^^  ions  to  practical  neutrality.  This  property  is 
especially  marked  with  phosphates  and  carbonates,  which  are  important 
**  buffer'*  constituents  of  the  serum.     The  proteins  act  similarly. 

If  H^"*"'  ions  are  added  to  such  a  system,  they  will  be  expended  in 
Uberating_t]ie-weak  add  from  its  salt;  and  since  the  weak  acid  is  not  ionized 
in  th^  presence  of  its  salts,  the  actual  reaction  will  be  practically  unaltered. 
If  OH^~'  ions  are  added,  they  will  be  expended  in  neutralizing  the  free 
weak  acid;  and  thus  will  also  leave  the  actual  reaction  unaltered.  A 
notable  change  in  the  true  reaction  can  occur  only  after  enough  acid  or 
alkali  has  been  added  Lo  neutralize  or  liberate  all  of  the  weak  acid — i.f., 
there  will  be  no  material  change  of  reaction  until  not  only  the  free,  but 
also  the  potential  acidity  or  alkahnity  has  been  overcome.  This  would 
require  quantities  of  strong  acids  or  bases  much  greater  than  it  would 
ordinarily  be  possible  to  introduce  into  the  living  body. 

So  far  as  this  Deutrality  regulation  is  concerned,  the  blood  may  be  considered  u  s 


«olution  of 


HiCOj 
NaHCO, 


and 


NaHiPQ< 
NaJJPO*  * 


1    All  these  dissociate  so  weakly  that  in  solutions  of 


the  concentration  of  blood,  iheirH('*-)  and  OIK — >  concentration,  scparatclyor  together 
would  be  practically  that  of  neutrality;  ir.,  in  the  close  neighborhood  of  Io~^ 

If  OD  acid  (UCI)  were  added  to  the  mixture,  it  would  react  with  the  salts,  producing: 

Ha  +  NaHCO,  -  NaCl  -f-  H,CO, 
HCl  -f  Na,HPO.  =  NaO  +  N'aH.PO.. 

This  would  increase  the  ratio  of  H|CO|  and  NaHtPO^;  but  these  dissociate  fo  weakly 
that  they  practically  leave  the  actual  reaction  unaffected.     The  H  (  +  !■  concentration 
would  therefore  not  be  increased  until  all  the  NaHCOi  and  N'aiHPOi  are  ut^d  up. 
1/  an  alkali  (NaOH)  were  added  to  the  mixture,  it  would  react  as  follows: 

NaOH  4-  H,CO,  =  H^  -f  NaHCO, 
NaOH  -f  NaHjPO,  =-  H^  -f-  NaiHPO*. 

This  would  reduce  the  ratio  of  the  free  acids,  HiCOi  and  NaHiPO«;  but  since  these  adds 
were  practically  neutral,  this  does  not  affect  the  actual  reaction  materially,  until  all  the 
carbonic  acid  and  acid  phosphate  are  used  up. 

■  Michaelia  and  Ganncodia.  igis.  sut«  th«  nortiuU  ratio  of  the  ipboaphaia  la  btoodxrtaiOM  M 
NaH.POi         X     ,      ,       ,    . 
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The  theory  of  *' buffer  salts"  has  been  elaborated  especially  by  SOrensen  and  L.  J^ 
Henderson.  Tables  arc  also  contained  in  the  book  of  MIchaelU.  W.  M.  Qarkc  and 
Lubs,  IQ16,  have  determined  the  hydrogen  electrode  potentials  of  phosphate  and  bontfr 
mixtures. 

Blood  CorpHscUs. — These  also  contribute  to  the  protective  buffer  action,  since  they 
contain  bicarbona.te  and  phosphates. 

Restoration  of  the  Potential  H^+*  and  0H<— *  ions. — The  regulatinjj 
mechanism  of  the  blood  is  important  for  protecting  the  body  against  sutf  ■ 
den  changes,  for  meeting  temi>orary  emergencies.    However,  this  im^iairs 
the  stock  of  potential  OH*~'and  Ht+'  ions,  and  therefore  would  not  fimmh 
a  permanent  protection.     Other  mechanisms  are  called  into  play  to  restore  M 
the  normal  ratio  of  these  potential  ions;  mainly  by  regulating  the  excretion  V 
of  CO1  through  the  lungs;  by  varying  the  reaction  of  the  urine;  and  by 
the  more  or  less  complete  conversion  of  NH4  mto  urea. 

Regulation  by  Excretion  of  COj. — Addition  of  acid  to  the  blood  liber- 
ates CO2  from  the  bicarbonate.     This  increases  the  CO?  tension,  and  thus  J 
its  excretion  by  the  lungs.    The  increased  COj  tension  stimulates  the  ■ 
respiratory  center,  and  thus  hastens  the  elimination.    This  restores  the 
norma!  ratio  of  HsCOj  -r-  NaHCOj.     Conversely,  the  addition  of  alkali 
diminishes  the  tension  nf  CO2  and  thus  its  excretion.  M 

Regulation  by  Combustion  of  Organic  Acids. — The  organic  acids  am-  V 
ing  in  metabolism  are  normally  oxidized  to  CO2  and  HjO,  and  excreted   ~ 
by  the  lungs  and  urine.     This  mechanism  is  disturbed  in  disease,  stan'S- 
tion,  etc.,  and  then  gives  rise  to  acidosis. 

Conversely,  the  injection  of  alkali  materially  increases  the  excretion 
of  unoxidized  lactic  acid  by  the  urine  (Macleod  and  Knapp,  1918). 

Regulation  by  the  Urine. — The  urine,  like  the  blood  contains  a  mix- 
ture of  acid  and  neutral  phosphates  (Orth  found  a  mean  of  60  per  ccnU 
as  MH^POk  and  40  per  cent,  as  M2HPO4).  When  acid  is  introduced,  ihf 
ratio  of  acid  phosphate  is  increased;  alkalies  increase  the  prof>ortion  of 
alkaline  phosphate.  This  elimination  of  the  excessive  acid  or  alkali  ions 
rapidly  restores  the  potential  acidity  or  alkalinity  of  the  tissues.  Tbe 
flow  of  urine  is  also  increased,  so  that  acids  and  alkalies  act  as  effective 
diuretics.  The  administration  of  acids  first  increases  the  PO<  cxcretioB; 
later,  this  decreases  with  the  available  supply  of  these  ions  (Fitz,  Alsbcri: 
and  Henderson,  1907).  The  influence  of  nephritis  was  studied  by  Palmer 
and  Henderson,  1Q15. 

Under  norma!  conditions,  the  human  kidneys  free  the  body  from  60 
to  70  c.c.  of  normal  acid  per  day.  In  diabetic  coma,  this  quantity  maybe 
increased  ten  limes  (Henderson  and  Palmer). 

Acid  on  Alkali  Excrdion. — Secchi,  1Q14.  reports  that  the  administratioa  of  HO  to 
man  or  dugs  on  a  meat  diet  increases  the  elimination  of  ammonium  persistently;  that^^ 
K  and  Na  temporarily.  The  Ca  and  Mg  arc  not  matorially  affected  in  the  urine,  but 
increased  in  the  feces,  especially  Ca.     The  calcium  of  the  tissues  may  thus  be  diminished. 

Stehle,  1917,  confirmed  the  increased  excretion  of  Ca  and  Mg"  with  dogs.  GJvtaft*»<J 
Mendel  found  the  urinary  excretion  of  Ca  increased  more  than  the  Mg.  Howrver.lbe 
alterations  of  the  total  balance  of  N.  Ca,  Mr  or  P  were  not  material  fin  dogs). 

With  rabbits  on  a  cabbage  diet  (rich  in  Ca)  administration  of  add  markedly  increata 
the  elimination  of  Ca  and  Mg,  less  that  of  K  and  Na.  The  Ca  excretion  is  maiolT  try 
the  urine.     The  tissue  Ca  is  greatly  decreased  (Stehle,  1914)- 

Fceding  with  HCI  may  cause  arterial  changes  (Adler,  1914). 

Mineral  Xfelaholism  in  Rxpcrimcnttii  Acidosis  of  Rahbtir, — Goto,  ipxS,  &dmtnisten<i 
as  to  75  c.c,  of  N/4  HCI  daily  for  i  to  4  weeks.  Most  of  the  animals  that  recei«<I 
more  than  25  or  30  c.c.  per  day  died  within  i  to  2  weeks.  The  major  alkati  rwenw 
were  utflizcd  in  the  following  order:  first  the  plasma  bicarbonate;  then  the  alkaEix 
carbonate  and  phosphate  of  the  muscles;  and  the  calcium  carbonate  of  the  bones- 
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The  plasma  bicarbonate  was  reduced.  The  urinary  phosphates  are  first  increased, 
then  diniinished.  The  fecal  phosphate  also  decreased.  There  wasalso  marked  lossof 
phosphate  and  potassium  from  the  muscles.  The  sodium  was  not  diminished.  The 
skeleton  lost  10  per  cent,  of  its  weight,  mainly  as  caldum  carbonate,  thus  increasing  the 
ratio  of  caldum  phosphate. 

Urinr-r faction  Reg,uiatioti  in  .\fati. — ^Thc  administration  of  HCl  increases  the 
titrable  add  and  the  ammonia,  leaving  the  factor  titrable  add  -i-  ammonia  practically  un- 
chaoged.  Administration  of  acid  3o<lium  phosphate  also  increases  the  titrable  add, 
but  not  the  ammonia;  so  tlmt  the  acid  -r-  ammonia  factor  rises.  This  is  probably 
■explained  by  a  smaller  increaii£  of  the  hydrogen  ion  cnnrentralion,  making  less  demand 
lOn  the  ammonia  elimination.  Administration  of  phosphate  mixture  of  pH  »  7.4 
Increases  the  titrable  acid  but  slightly,  and  diminishes  the  ammonia,  so  that  the  add 
l-^  ammonia  factor  rises  (Marriott  and  Howland,  ioi8)- 

Hesselbach,  Z916,  also  made  out  a  definite  relation  between  ammonium  excretion 
and  the  reaction  of  the  urine,  varying  in  acidosis  conditions. 

R^ulatioD  by  Anunonia. — XH4  is  a  normal  precursor  of  urea.  Its  conversion  is  not 
quite  complete  and  somewhat  clastic:  If  the  acidity  tends  to  rise,  a  larger  part  of  the 
ammonium  is  left  unconverted,  and  is  used  to  neutralize  the  excessive  acid.  If  the 
alkali  tends  to  rise,  more  of  the  ammonium  is  converted,  leaving  its  anion  to  neutralize 
the  alkali.  The  ratio  of  unconverted  ammonia  (reflected  in  the  ratio  of  NH4  to  total 
N  of  the  urine)  is  therefore  an  index  of  the  acid  or  alkali  tendency  of  the  body.  It 
tints  if  adds  arc  introduced  or  formed  in  the  organism  (acidosis);  and  is  lowered  when 
alkalies  are  administered.     .'Vmmonium  is  also  produced  by  des-amination  of  proteins. 

Amnumin  Rr^uUition  in  Man. — In  man,  also,  there  is  a  close  relation  between  the 
ammonia  and  excretion  of  acid  by  the  urine  (Hasselbach,  iqi6). 

Acid4fFis  in  Infancy. — Infants  and  j'oung  children  develop  addosis  readily,  presum- 
kbly  because  they  have  a  relatively  low  alkali  reserve.  They  also  form  acetone  sub- 
JBtances  easily. 

,       Gastric  Secretion. — During  stimulation  of  gastric  secretion  by  food  or  water,  the 
{absorption  of  the  acid  chyme  from  the  intestines  leads  to  increased  ammonium  output 
the  urine  (Ivyi  1918). 
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The  increase  of  the  ammonium  quotient  in  the  urine  is  not,  however, 
kn  infallible  proof  of  acidosis.  It  requires  confirmation  by  other  tests. 
iNor,  on  the  other  hand,  is  increased  ammonia  excretion  a  constant  feature 
|of  clinical  or  experimental  acidosis.  It  occurs  especially  in  the  kctonuric 
types,  but  is  absent  in  certain  nephritic  acidoses. 

Effidency  of  the  Regulating  Mechanism  in  Different  Animals. — The  protection 
against  adds  is  conspioiously  more  perfect  in  camivora,  both  as  concerns  the  NH|  and 
[the  elimination  (Spiro,  iqoi) — probably  because  these  are  accustomed  to  ingest  a  cer- 
tain amount  of  acid  with  their  food.  It  is  impossible  to  lower  the  alkalinity  oithe  blood 
|Df  a  dog,  to  such  a  degree  as  to  produce  symptoms,  by  introducing  acid  into  the  ali- 
hnentar>'  canal,  unless  corrosion  be  produced.  But  if  an  acid  or  add  salt  be  injected 
pnto  a  vein,  it  will  cause  very  pronounced  symptoms.  In  herbivorous  animals,  these 
teay  also  be  produced  if  large  quantiticf*  are  given  by  the  mouth.  They  will  result  in 
jdeaih  even  before  the  reaction  of  the  blood  has  become  neutral.  So  that  it  is  not 
itrictly  correct  to  speak  of  an  "acid  action"/'  but  rather  of  the  effects  of  diminished 
j|.lkalinity  (Kcttncr.  1903). 

Influence  of  Diet  on  Ammonium  Conversioo. — The  ammonium  regulation  is  not 
fenlircly  absent  in  herbivora*.  Cows  and  calves  use  it  quite  efficiently  when  acid  is  fed 
|Hart  and  Nelson,  1913).  Eppinger,  1906,  claimed  it  to  be  influenced  by  diet:  viz., 
that  a  vegetable  diet  renders  dogs  susceptible  to  acid  poisoning;  and  that  a  meat  diet, 

fr  injection  of  amino-adds.  evokes  the  ammonium  mechanism  even  in  rabbits,  and  thus 
trotects  them  against  add.  However,  later  observers  were  unable  to  confirm  him 
Pohl  and  Muenger,  1906;  G.  Bostock.  1913). 

Acid-base  Content  on  Jfie  Dirt. — This  has  not  been  worked  out  in  detail.     Proteins 
ffcnd  fat£  tend  to  predominance  of  acid ;  and  Milts  of  vegetable  acids  tend  to  alkali.    Meat 
pT  grain  diet  is  therefore  add  producing;  fruits,  carrots,  etc.  tend  to  alkaUne. 
'^      Effect  of  Ncphrilic  Poisons. — Acid  produdng  diets  render  rabbits  more  susceptible  to 
Inild  nephritic  poisons;  for  instance  to  oils  (Salant  and  Bengis,  1917). 

Alkalosis. — Vegetarian  diet  would  tend  to  increase  the  alkalinity  of 
body.    This  is  prevented  by  the  retention  of  carbonic  acid;  by  the 
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conversion  of  NaHaPO*  into  Na2HP04;  by  more  complete  oxidation  of 
ammonium;  by  neutralization  of  proteins,  and  by  increase  of  unoxidized 
organic  acid,  especially  lactic  acid. 

Lactic  Acid  Excretion  in  Alkalosis. — Injection  of  sodium  carbonate  or  oral  adminis- 
tration of  the  bicarbonate  produces  a  distinct  increase  of  the  urinary  lactate.  However, 
the  excreted  acid  would  neutralize  only  about  }io  oi  the  alkali  (Madeod  and  Knapp, 
1918). 

Nature  of  Acidosis. — Acidosis  or  acid-intoxication  means  a  depletion 
of  the  alkali-reserve  of  the  body;  but  not  necessarily  a  change  in  the  actual 
reaction.  It  arises  when  acids  or  acid  salts  are  introduced  in  excessive 
quantity,  or  when  the  organism  fails  to  dispose  promptly  of  the  adds  that 
are  formed  in  metabolism.  So  long  as  there  is  an  adequate  store  of  poten- 
tial alkali,  the  actual  reaction  of  the  blood  is  not  materially  changed, 
although  it  contains  less  carbonate.  The  acidity  and  the  ammonium  of 
the  urine  will  also  tend  to  increase.  If  the  acidosis  is  due  to  faulty  metab- 
oiism,  oxybutyric  acid  and  acetone  substances  will  appear  in  the  urine. 

True  and  Compensated  Acidosis. — Rowntree,  1916,  proposes  the  term  "Compeo- 
sated  Acidosis"  for  diminution  of  reserve  alkali  (decreased  alveolar  COt)  withoat 
material  change  in  the  actual  reaction  of  the  blood;  and  "True  Acidosis"  when  the 
alkalinity  falls  below  pH  =  7.^.  This  occurs  only  when  the  respiration  fails  to  remove 
the  excess  of  CDs;  <.e.,  oiit^^w-death  approaches.  A  true  addity  of  the  blood  (^H  ^ 
above  7.0)  is  not  seen  clinically. 

Symptoms  of  Acidosis. — The  chief  clinical  sign  of  moderate  acidosis 
is  the  hyperpnea,  required  to  eliminate  the  liberated  COj,  Wien  the 
actual  reaction  of  the  blood  becomes  noticeably  changed,  the  vasomotor 
and  other  medullary  centers  are  also  stimulated;  especially  if  the  change 
is  acute,  as  with  intravenous  injection  of  acid.  With  further  rise  of  the 
H-ion  concentration,  the  nervous  centers  become  depressed,  as  also  the 
cardiac  muscle.  The  effects  agree  with  those  of  excessive  C0»  tension, 
asphyxia  and  oxygen  deprivation,  and  diabetic  coma,  which  are  really 
forms  of  acidosis. 

The  final  symptoms  consist  of  coma,  convulsions,  depressed  re^iiation 
and  fall  of  blood  pressure,  etc.  Death  takes  place  by  respiratory  paraly- 
sis, generally  before  the  blood  becomes  actually  add.  The  synq>tonis 
are  at  once  removed — even  in  the  last  stages — by  injection  of  Na«Cpi 
(F.  Walter,  1877).  -* 

Toxicity  of  Acids. — This  varies  greatly  according  to  conditions.  In  cattle,  for  i^ 
stance,  Berg,  1915,  sometimes  found  considerable  tolerance  (0.87  Gm.  of  HO,  Mft^ 
per  cent.,  vein,  per  kilogram). 

Respiratory  Center. — This  is  inhibited  by  decreasing  the  H  ion  concentration  d 
the  bl(M>d,  and  stimulated  by  increased  H  ion  concentration  (Douglas  and  Ha)daiK| 
1901,  Winterstein,  1915).  For  instance,  the  intravenous  injection  of  0.5  cc.  <rf  nonw 
lactic  or  other  acid  per  kg.  of  dog  produces  a  marked  increase  of  the  rate  and  ampGtndea 
respiration  (S.  J.  Cohen,  1918).  The  effects  on  the  respiratory  center  do  not  »p|wj 
until  the  H  ion  concentration  lies  beyond  pH  7.2  and  7.8.  Evidently,  the  centcrbnuck 
less  sensitive  to  diminution  than  to  increase  of  H  ions.  The  effects  occur  also  on  peifc* 
sion  of  the  medullary  centers  (Hooker  and  Wilson,  191 7);  and  by  direct  aK>Ucation« 
acids  to  the  medulla  of  frogs. 

Role  of  H-ion  concentration  and  Carbon  Dioxid. — In  general,  the  respiratory  stin*' 
lation  is  proportional  to  the  H-ion  concentration  (Winterbcrg;  T.  B.  Robertson,  iQi*)- 
However,  carbonic  acid  stimulates  more  than  would  correspond  to  its  addity  (Kop«c- 
zewski,  1914.)  This  holds  also  for  the  perfused  center  (Hooker  and  ^^Ison).  R.''- 
Scott,  1918,  finds  that  excess  of  COt  stimulates  respiration  even  if  the  blood  is  nade 
distinctly  more  alkaline  (pH  =  7.65),  as  by  sodium  carbonate  injection.  The  gretttf 
efficiency  of  carbonic  acid  is  probably  due  to  more  rapid  penetration  into  the  cdb- 
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pnea  following  on  excessive  respiration  is  due  to  deficient  COj  tension  and 
lowered  H-ion  concentration.  Cfwyne-Slokes  respirathn  is  attributed  to 
accumulation  and  oxidation  of  acids  (V.  Henderson,  iqio). 
jWn'«. — Increased  acidity  diminishes  the  aftinity  of  hemoglobin  for  ox>'gcn 
1  mopoxid).  For  instance,  with  a  carbon  dioxid  tension  of  40  mm.»  the  oxygen 
c  must  be  doubled  to  secure  the  same  degree  of  saturation  (Barcroft,  '914). 
ability  aftkr  Corpuscles. — Under  the  influence  of  COj,  the  erythrocytes  »Akc  up 
)m  the  serum,  and  increase  its  alkalinity.  Similar  changes  occur  in  hemolysis 
und  Lurant,  1916). 

tffj  in  Cardiac  Disease. — This  is  probably  partlv  due  to  acidosis,  the  metabolic 
ig  imperfectly  burned  by  the  inadequate  olood  supply  (Peabody,  i(>i6). 
ctual  H  concentration  is  not  much  altered,  but  the  diminution  of  reserve 
jers  evcr>'  increase  of  COi  much  more  effective;  for  instance,  the  respiration  is 
(I  decompensated  patients  by  2  to  3  per  cent,  of  CO]  in  the  air.  while  normal 
h  require  4.5  to  5.5  per  cent.    AlkaU  treatment  restores  the  response  to  normal 

itic  Dyspnea. — This  is  often  but  not  always  associated  with  acidosis.    In  the 

k,  it  is  not  relieved  by  alkali.     Such  cases  probably  involve  direct  changes  in 

lold  of  the  respiratory  center  (Christian,  1916). 

Ition. — Vasomotor  Center. — The  stimulation  (reflected  in  the  rise  of  blood 

has  l}een  studied  by  MathiMin.  igii.     Pilcher  and  Sollmann.  1Q15,  found 

and  temporary  stimulation,  independent  of  blood-pressure  changes. 

ttion  Rat€  in  Man. — Tlus  shows  a  close  parallelism  with  ihe  H-ion  concentra- 

t  arterial  blood,  and  therefore  with  the  oxygen  consumption  (Boothby,  19x5, 

jd  method  of  Keough  and  Lindhard). 

$d   Vessels. — These  are  temporarily  dilated   by  weak  acids  including    C0| 

and  I-embcrger,  1911).     Alltalies  constrict.    This  has  been  generally  con- 

Cn  the  frog  mesenter>',  the  minimal  efTective  concentrations  arc:  for  dilation, 

onstriction,  p\\  g  to  11.     Excised  arterial  rings  do  not  respond  satisfactorily 

They  ure  constricted  by  pHi2  (I.  Adler,  1916). 

Heart. — The  automatic  contractions  continue  only  within  certain  ranges  of 

trations,  which  dilTcr  for  the  various  portions  of  the  heart  (Dale  and  Thacker, 

lie  sinus  requires  the  highest  U(*)  concentration  (H<*)  »  4  to  9.5);  the  ven- 

t lowest  (Hi*>  =  6.5  to  ii). 

id   Terrapin   Heart. — Hydrogen-ion   changes   within   the  physiologic   range 

eflnite  eJTccts.    hureased  alkalinity  (pH  7.6  to  7.8)  increases  tonus,  especially 

{cles,  and  diminishes  the  excursions.     DiminisJud  alkalinity  (7.3)  increases  the 

f  increasing  the  amplitude  of  the  beats,  and  diminishing  tiie  tonus  (Andrus, 

d  Mammalian  Htart. — The  efifects  of  oxidizing  substances,  acids  and  alkalies, 
bed  by  fvocvenhart  and  Eyster,  1913.  Yanagawa,  1916,  finds  the  coronary 
Bstrictcd  by  increase  of  alkalinity,  dilated  by  addity. 

Functions. — Excised  Ureter. — The  movements  are  depressed  by  add,  stimu' 
ikalinily  (G.  R.  Rolh.  1Q17). 

CofKcnlralion  of  Perfusion  Solutions. — The  pH  of  Locke's  solution  is  about  7.?, 
a  low  buller  value.  That  of  Tyrode's  solution  is  8  to  8.1  (C.  B.  Roth,  1917). 
I  of  Skeletal  Xfuscle. — Fatigue  or  paral>-sis  is  produced  by  perfusion  with  add 
lactic  add,  acid  potassium  phospnate  or  COt  (Kanke,  1865J  Burridgc,  1910). 
icular  work  is  accompanied  by  the  productioa  of  these  aad  products,  they 
part  the  occurrence  of  ordinary  fatigue. 

y  Irritation. — .\cids  produce  prompt  stimulation  of  sensory  neri'cs.  They 
used  to  test  reflex  cxdtability.  as  for  instance  in  Turck's  method.  Witn 
as,  the  retraction  time  is  influenced  not  only  by  the  H-ion  concentration  but  also 
wer  of  the  add  to  [icnetrate  cells  (Croiier,  1918). 

^flow. — Yanagawam  1916,  found  the  thoradc  lymph-flow  unaflfected  by  the 
im  injection  of  adds,  to  the  point  of  toxicity.     Alkafies  acted  only  like  neutral 

Plow. — In  excised  kidneys  of  rabbits,  perfused  with  sodium  chlorid  solutions, 

?  flow  varies  inversely  to  the  H-ion  concentration  (Isaacs,  IQ17).    In  life, 

the  conditions  are  much  more  complex. 

|li0n. — Living  tissues  resist  the  entrance  of  all  acids,  except  salicylic.     Dead 

ftrmcable  to  all  (Ha^^•ey,  igi4^- 

{tHrffid. — Dilute  acids  increase  the  swelling  of  fibrin,     M.  Fischer  has  proposed 

I  expUnation  of  edema,  but  the  deductions  are  not  convindng  (sec  Index, 

pd  Edema). 
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Mek^oUsm. — Add  intoxication  lowers  gas  metabolism  and  heat  production  (Choo- 
stek,  1893). 

The  administration  of  non-toxic  doses  of  acids  and  bases  (to  dogs)  does  not  materiiDy 
alter  the  balance  of  N,  Ca,  Mg  or  P  (Givens  and  Mendel,  1917). 

The  effects  of  lesser  changes  in  the  reaction  of  body  tissues  must  be  rather  limited,  since 
these  are  so  promptly  brought  back  to  normal.  While  it  can  not  be  doubted  that  socli 
changes  must  have  an  influence  upon  metabolism,  the  nature  of  this  can  not  be  stated, 
because  it  is  complicated  by  the  actions  of  these  substances  on  the  alimentary  canil. 
The  latter  is  diOferent  in  the  case  of  acids  and  alkalies.  Some  of  the  other  actions  also 
require  separate  consideration.  Organic  Acids  and  their  salts  are  rapidly  bunied  to 
carbonate  after  their  absorption;  so  that  they  act  as  acids  only  in  the  aHmentaxy  canal, 
but  as  alkalies  after  they  are  absorbed  (Buchheim,  1888). 

Disintoxication  of  A  cids  by  Salts. — Neutral  salts  diminish  the  toxicity  of  adds  for 
the  fish  Fundulus.  CaCli  is  considerably  more  efficient  (J.  Loeb  and  Wastencys,  1911). 
The  effects  of  electrolytes  on  the  penetration  of  acid  into  Fundulus  ova  are  ducufled 
by  J.  Loeb,  1915. 

Effects  of  Increased  Alkalinity. — Slight  increase  stimiilates  many 
physiologic  processes;  a  few  are  depressed. 

The  injection  of  lethal  doses  of  alkali  produces  tremors,  rigidity;  fiiully  vomitiiv, 
convulsions,  relaxation  of  sphincters;  sometimes  edema  and  ascites  (Rowntree,  1916). 

An  excessive  intravenous  injection  of  bicarbonate,  in  a  human  subject,  was  fdloved 
by  tetany,  with  recovery  (Harrop,  1919). 

Virchow,  1854,  showed  increased  motion  of  spermatozoa;  Gaule,  1878,  iDoeased 
cardiac  activity;  Bethe,  1909,  diminished  rhythmic  movements  of  medu9».  Packafd, 
Z906,  found  that  sodium  bicarbonate  increases  the  resistance  of  fundulus  to  lad  of 
oxygen. 

Occurrence  of  Clinical  Acidosis. — Acidosis  is  not  a  primary  disease  or 
a  clinical  entity.  Accumulation  of  acid,  or  rather,  diminution  of  the 
bases  of  the  body,  may  occur  in  many  pathologic  conditions,  i.e.,  whencvtr 
the  elimination  of  acid  fails  to  keep  step  with  its  production.  Thismay 
happen  through  faulty  absorption  or  unusual  loss  of  alkali ;  or  diminished 
excretion  of  acid,  as  in  some  nephrites;  or  by  increased  production  of  add, 
especially  in  disturbances  of  metaboli&m  associated  with  deficient  onda- 
tion.  The  most  striking  examples  of  this  form  occur  in  diabetes;  but 
minor  degrees  are  present  in  fasting,  especially  with  low  carbohydrate 
and  high  fat  income;  in  poisoning  by  P,  As  and  other  metals;  in  narcoss, 
etc.  Except  in  diabetic  and  uremic  coma,  the  acid  does  not  usually  rise 
sufficiently  high  to  produce  symptoms  other  than  dyspnea. 

Pathologic  Coftditions  Associated  with  Acidosis. — Among  the  most  important  ait 
(Rowntree,  1916;  Frothingham,  1916):  Diabetes,  starvation  or  other  conditioiis  in  whkl 
the  combustion  of  fats  is  disproportionate  to  that  of  carbohydrates;  fevers;  pitgnanQ^. 
eclampsia,  nephritic,  renal  insumciency,  cardiorenal  and  cardiac  diseases:  ^oiSt-<sifim!stt 
and  post-anesthetic  conditions,  especially  shock;  decerebration  operations  of  animals 
(Macleod,  1918);  cholera  and  other  severe  diarrheas. 

Minor  or  occasional  acidosis  has  been  described  in  cardiac  dyroxiea;  in  cmchfUJi 
anemia,  cancer,  Addison's  disease,  hepatic  cirrhosis,  etc.  In  normal  prenancy  that  is 
only  a  negligible  and  compensated  acidosis. 

.Acidosis  is  ordinarily  absent  in  Graves'  disease;  epilepsy,  lung  abscess,  syphiSi; 
subacute  nephritis;  chronic  cardiac  lesions. 

Chemic  Criteria  of  Acidosis. — The  hydrogen-ion  concentration  of  the  blood  basoolf 
a  limited  value,  since  it  is  not  materially  altered  until  the  bicarbonate  concentiatios  of 
the  blood  has  fallen  greatly,  i.e,y  only  in  the  most  severe  cases.  The  detenmnttkw  <^ 
minor  degrees  of  acidosis  depends  on  the  direct  or  Indirect  estimation  of  the  faics^ 
bonate  of  the  blood;  or  of  the  elimination  of  ammonium  or  acetone  substances  by  tk 
urine.  The  urine  furnishes  only  qualitative  data  at  best,  since  it  can  indicate  ooljr  tbe 
excretion,  and  not  the  retention  of  acid.  In  nephritic  acidosis  it  would  be  entiidf 
deceptive  (Peabody,  1915;  Van  Slyke.  1916). 

Indeed,  the  Hi^crcnt  acidosis  tests  often  do  not  go  parallel  in  dififcFent  diseaxs 
(Frothingham,  1916).     For  instance,  acetone  substances  are  prominent  indiabetes,iB 


THE    REACTION    OF    THE   BODY 


83s 


conditions,  and  especially  in  children;  they  arc  generally  absent  in  the  acidosiB 
nephritis,  of  cholera,  and  of  diarrheas.     The  ammonia  excretion  varies  as  do  the 
ttone  substances. 
Sfost  Useful  Tesls  of  Acidosis. — These  are  the  determination  of; 

1.  The  Rescr\'e  Alkali  of  the  Blood  bv  the  estimation  of  (a)  it«  COs  content  (Van 
'ke),  or  {b)  the  Marriott  factor;  or  (1 J  tiie  alkali  tolerance  test  CScUards). 

2.  The  alveolar  COt  (Pleach-lx-vy). 

3.  The  H-ion  concentration  of  the  Mood  (Frothingham,  roi6;  Rowland,  JOifiK 
Estimation  of  the  Bicarbonate  Content  of  the  Blood. — This  furnishes  a  quantitative 
lex  of  the  potential  alkali  store,  and  its  diminution  is  therefore  the  earliest  si^n  of 
dosis  and  tlie  most  accurate  gau^e  of  its  severity  and  progress.  Tlie  bicarbonate  can 
determined  directly  by  measuring  the  COi  UberatccI  by  acidulation  of  the  plasma. 
rmally,  thb  is  55  to  75  per  cent,  volume. 

It  h  not  easily  altered  beyond  these  limlLs.  If  it  is  reduced  fixed  acids  must  be 
rsent,  constituting  acidosis  in  the  sense  of  Van  Slyke.  A  level  of  30  volume  per  cent. 
COs  indicates  dangerous  acidosis,  20  per  cent,  is  fatal. 

Bydrogcnhn  -r-  biatrbottiiU  (quUibrium. — Hydrogen  ion  concentration  and  bicar- 
Kate  are  normally  practically  constant.  Either  may.  however,  be  changed  indcpcnd- 
Jy  of  the  other,  giving  the  following  conditions  (adapted  from  T.  Henderson  and 
ggard.  1 919): 

Bicarhonalt  low,  cH  (hydrogen  ion  concentration)  mtrmai:  This  is  acidosis  through 
production  of  fixed  acids,  compensated  by  increased  elimination  of  COs  through  the 
■mal  response  of  the  respiratory  center. 

Bic4irhonaU  Uni\  cH  ht^h:  Uncompensated  acidosis  by  production  of  &xed  acids 
dinary  uncompensated  acidosis  witn  exhaustion  of  reserve  alkali). 
BicarboHate  tiormal  or  highy  cB  high:  Inefficient  response  of  the  respiratory  center 
COj,  leading  to  accumulation  of  CO3  (for  instance  in  morphin  poisoning) . 
BtTAtrbonaU  high,  clt  hw:  Excess  of  alkali  reserve  or  "alkalasis"  (alkali  injection). 
DetenninatioD  of  '*Bu£Fer-VaIue"  of  Blood.— R.  L,  Levy  and   Rowntrec,    1916, 

\ 
iress  tliis  in  c.t.  of    -  HCl  or  N'aOH  that  can  be  added  (o  blood  without  changing 

go 

»H  ("simple  bufTer  value"),  or  without  changing  it  beyond  the  normal  ("reserve 
fer  value'  ).  The  simple  buffer  value  is  clinically  the  more  important.  The  sum 
:he  acid  and  alkali  values  gives  the  "total  buffer  value."  The  simple  buffer  value 
raj^es  0.18  for  normal  blood;  strum  averages  o.ii  (or  acids,  005  to  o.,^  for  alkalies. 
Betennination  of  Alkali  Reserve  of  Plasma.— This  is  staled  by  Marriott,  1916, 
<pH,  i.r.  Uie  H-ion  conct;nt ration  after  removal  of  the  COi  (by  aeration).  It  appears 
>e  a  very  deUcate  index  of  acidosis. 

The  normal  value  of  RpH,  viz.  8.5,  corresponds  to  an  alveolar  COj  tension  of  38  to 
mm.  Moderate  acidosis  ranges  between  8.0  and  8.3  (j8  to  .35  mm.  C0;1;  dangerous 
losis  =  7.7  Ck>  ram.  COt);  coma  =»  7.3  (11  mm.  COa).  An  RpH  7.9  can  be  controlled 
the  oral  administration  of  alkali;  R|il  7.7  requires  alkali  intravenouslv. 
ASkaii  Administration  on  Alkali  Reservr. — With  normal  man,  the  oral  administralion 
(odium  bicarbonate,  20  Gm.  every  2  hours  for  8  doses,  increases  the  reserve  alkali 
the  phisma  by  74  per  cent.  The  effect  was  well  marked  within  40  minutes  after 
h  dose,  and  was  still  fairly  marked  10  hours  after  the  last  dose  (Octtlcr  and  Lindeman, 

7)- 

Alveolar  Carbon  Dioxid. — Indirectly,  the  carbonate  content  of  the  blood  may  be 
j^cd  by  the  alveolar  COj  tension,  and  by  the  "alkali-tolerance  test  "  The  volume 
centAge  of  COj  in  (he  alveolar  air  is  generally  about  one-tenth  of  that  which  can  be 
rrated  from  the  plasma.  This  relation  holds  for  normal  individuals  and  for  diabetic 
oa,  where  it  has  been  utilized  by  lleddard.  Pembrcy  and  Spriggs,  igi.s;  and  Poullon, 
E5.  It  does  not  appiv,  however,  to  conditions  In  which  the  respiration  or  circulation 
jferiously  disturbed  (Van  Slyke);  as  in  pulmonar>  intufljcicncy  and  cardiac  dyspnea 
■Mk  1917)-    It  is  also  not  very  delicate  in  nephritic  acidosis  (Peabody). 

^mali  Tolerance  Test. — When  the  bicarbonate  of  the  blood  is  lowered, 
larger  dosage  of  alkali  is  required  to  change  the  reaction  of  the  urine  to 
calinc  than  is  the  case  normally.  This  increased  tolerance  for  alkali 
a  delicate  and  reliable  index  of  decreased  potential  alkalinity  of  the 
dy,  and  therefore  of  even  slight  degrees  of  acidosis,  including  renal 
idosis:  and  an  equally  reliable  criterion  of  the  progress  of  the  acidosis 
d  of  the  need  of  alkali  therapy  (Sellards,  191 2;  Palmer  and  Henderson, 
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1913;  Peabody,  1915;  Frothingham,  1916).    However>it  is  useless  or  mis- 
leading if  there  is  marked  renal  insufficiency. 

The  test  is  carried  out  by  giving  orally,  between  meals,  5  Gm.  of  sodium  bicarboruir 
(in  water)  every  two  hours,  until  the  urine  becomes  alkaline  to  litmus.  Nonnally,  thi» 
occurs  with  the  first  or  second  or  at  most  with  the  third  dose  (the  pH  of  the  urine  beini 
reduced  to  an  average  of  7.6,  sometimes  to  8.3,  within  an  hour,  Palmer  and  HendersoD 

Renal  Acidosis. — Light   grades  of   chronic   nephritis,   with   nornul 
phenol-s-phthalein  output,  usually  show  little  or  no  acidosis.     In  s* 
trades,  the  kidneys  fail  to  excrete  acid  prof>crly,  and  thus  an  at.. 
(diminished  potential  alkalinity)  develops,  which  is  fairly  proporlioni. 
to  the  degree  of  phcnoi-s-phthalcin  retention. 

The  alkali -retention  test  shows  this  much  earlier  than  the  alveolar  COt;  the  ktut 
generally  diminishing  only  when  the  phthalein  output  falls  below  10  per  cent  '•■ 
hours.     The  actual  reaction  of  the  blood  is  not  materially  altered  except  in  the  ■ 
stage;  so  that  even  in  uremia,  the  symptoms  are  not  commonly  attributable  to  .twvj 
(Peabody   iQis).     The  acidosis  of  infancy  is  frequently  connected  with  diininishcd  out 
put  of  urine  (Howland  and  Marriott,  1915). 

M.  Fischer,  1015.  refers  to  acidosis  both  the  edema  and  the  G  retention, 
theories  have  been  discussed  in  another  place. 

The  toxicity  of  uranium  is  associated  with  acidosis,  and  can  be  dimiT' 
ministering  alkali.     This  also  protects  the  uranium  kidneys  against  ane^i 
Nidcr,  1016). 

PkosphaUis  and  Acidosis. — Nephritis  is  often  accompanied  by  phosphate 
and  this  diminishes  the  acid  excretion  of  the  kidneys.    This  would  not  be 
cfHi'icntly   by   alkali   administration.     Calcium   salts   mav  be  useful    by  TtifniT"''*f 
phosphates  through  the  intestines  (Marriott  and  Howland.  1916). 

Low  Blood  Pressure.— Reduction  of  the  blood  pressure  Dclow  a  certain  rriticil  lew!, 
exhausts  the  alkali  reserve,  presumably  by  dcncient  oxidation,  and  thus  prodvoa 
acidosis.  This  occurs  especially  when  the  blood  corpuscles  have  been  diminiiW  tr 
hemorrhage.  If  the  pressure  is  restored,  for  instance  by  the  injection  of  gum-ttliM- 
the  acidosis  is  diminished. 

In  man,  the  pbsma-bicarbonate  CO3  does  not  begin  to  fall  below  the  normal  (;o' 
per  100  c.c.)  until  the  systolic  blood  pressure  is  below  80  mm.     At  70  to  So  nun . 
CO9  averages  43  c.c;  at  60  to  70  m.,  35  c.c;  below  60  mm.,  it  faUs  to  27  cc  {C 
igiQ). 

Cannon  attributes  the  acidosis  of  low  blood  pressure  to  deficient  blood  flow  (Oae^ 
19x9)  and  consequent  tissue  asphyxia,  resulting  in  production  of  fixed  add  (Anh. 
1891). 

Anestktiies  During  Utt  Acidosis  of  Low  Bhod-pressurt. — Animals  in  this  conditiociff 
hypersensitive  to  chloroform,  ether  and  asphyxiant  concentration  of  nitrous  00^ 
Nitrous  oxid  with  plenty  of  oxygen  is  said  to  be  safe. 

RehrciUkin^  in  Shock.— TVAs  was  advocated  by  W.  T.  Porter  to  increase  thetipif- 
atory  action  of  thorax;  and  by  Y.  Henderson,  to  prevent  acidosis  and  increase  iV 
alkaline  rcscniX.     Neither  the  theories  nor  the  published  data  are  convincing. 

Acid-base  Regulation  During  Anesthesia.  -  Surgical  anesthesia  lends  to  duniaiiti  i^ 
alkali  reserve;  probably  mainly  by  the  partial  asphyxia.  Rcimann,  1919,  fouxvd  ooB- 
pensatefl  acidosis  in  .^o  to  H5  per  cent,  ot  routine  operatiye  anesthesia;  and  15  to  «>p0 
cent,  of  uncompensated  acidosis. 

Asiatic  Cholera. — This  disease  results  in  a  consideragle  loss  of  reserve  olkalt.  <ril^  ^ 
production  of  acidosis.  It  is  benefited  by  the  early  administration  of  sodium  biof- 
Donate,  O15  Cm.,  increasing  the  dose  with  the  severity  of  the  symptoms  (SeUaids,  loU^' 

Diabetic  Coma. — Diabetic  coma  is  essentially  a  manifest.ition 
acidosis  (Stadelmann,  1S83).    There  is  not  only  a  close  reser 
the  symptoms;  but  the  increased  elimination  of  bela-oxybutyrj- 
covered  by  Stadelmann  (1883),  and  ammonium  (Boussignault,  i^S'^k 
and  the  great  diminution  of  carbonates  in  the  blood  (to  10  per  ceiit 
Minkowski,  1888;  Kraus,  1889)  furnish  direct  e\ndence  of  increased 
production.    Accordingly,  the  administration  or  injection  of  alkaJic^ 
proved  fairly  successful  in  preventing  and  meeting  this  condition  (Mj 
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WLcvy,  1899).     It  usually  relieves  the  dyspnea,  produces  diuresis,  and  often 
more  or  less  mental  improvement. 

The  success  is  not  so  striking  as  in  experimental  add-intoxication;  mainly  because 
the  addt  in  diabetic  acidosis,  is  primarily  within  the  cells,  and  therefore  is  not  so  readily 
reached  by  the  alkali.  The  details  o(  this  treatment  will  be  discussed  under  Sodium 
Bicarbonate. 

The  alkali  could  also  be  furnished  by  the  administration  of  the  salts  of  organic  adds 
(Foiin,  iQo6;  Lichtwitz,  igii),  or  by  Ca  or  Mg;  but  probably  not  in  suf&dcnl  quantity. 
Eppingcr,  1906,  suggested  increasing  the  formalion  of  ammonia  by  ihc  administration 
of^  aJTiino-acids;  but  his  results  have  been  challenged  by  Pohl  and  Muenzer,  and  by  A. 
Loewy,  1906. 

Ehrmann,  Esser  and  Loe\^,  I9ii»  claim  that  the  injection  of  neutral  oxybutyric 
salts  also  produces  coma,  so  that  the  diabetic  coma  would  not  be  a  pure  acidosis. 

Acetone  Type  of  Acidosis. — The  acidosis  of  starvation  conditions,  notably  diabetes, 
fever,  espierially  in  children  (Howland  and  Marriott),  severe  dysentery  and  some 
hepatic  derangements  (phosphorus  poisoning)  are  associated  with  the  appearance  in  the 
blood  and  urine  of  bcta-hydroxybutyric  acid,  aceto-acetic  acid  and  acetone  (the  so- 
called  acetone  substances,  ketone  substances  or  acidosis  substances).  These  do  not 
occur  in  some  other  acidoses^  for  instance,  they  are  absent  in  nephritis,  in  the  summer 
diarrhea  of  infants  (Howhind,  2916),  etc. 

They  are  essentiaUy  due  to  the  abnormal  metabolism  of  fats;  I'.r.,  they  arise  whenever 
the  combustion  of  fats  Is  out  of  proportion  to  the  combustion  of  glucose. 

The  appearance  of  acetone-substances  in  the  urine  signifies  the  production  of  ab- 
normal acids;  but  is  not  a  quantitative  index;  for  considerable  quantities  of  oxybutyric 
acid  may  be  present  in  the  blood  when  the  urine  shows  only  traces  of  acetone  substances 
(Fmthin^ham,  1916;  R.  Fitz,  1917).  On  the  other  hand,  acetone  substances  may  be 
excreted  m  the  urine  when  the  alkali  reserve  has  not  yet  been  noticeably  depleted;  ».e.» 
when  there  is  no  acidosis. 

Their  appearance  is  generally  associated  with  increased  ammonium  excretion. 

Toxicity  of  Acetone  Substances, — Hurtlcy  and  Trevans,  1916,  find  that  the  neutral 
ttlts  of  aceto-acetic  acid  produce  respiratory  changes. 

Soura:  of  Acetone-Substances.— Thc?^  arise  in  the  catabollsm  of  fat;  but  may  also  be 
formed  from  leucin  and  tyrosin,  and  therefore  from  protein;  but  not  from  carbohydrates. 
(The  agents  that  may  giv«  rise  to  the  ketone  substances  are  called  kctogcndic;  those  that 
lend  to  prevent  it  are  antikctogcnetic). 

Origin  from  Fat. — The  acetone  substances  are  formed  in  the  course  of  the  combustion 
of  the  fatty  acids  with  an  even  number  of  carbons  (the  combustion  of  the  odd-carbon 
adds  results  in  glucose;  A.  I.  Ringer,  1913). 

Marriott,  IQ14,  believes  that  oxybutyric  acid  is  normally  formed  by  the  successive 

steps  of  fatty  acid-b.tyric  acid(?)-.c.to-aceUc  add<^ -JX^^'^.Jlf  J,-d  .» 

burned)'     ^'  may  also  be  derived  from  theamino-acids(Icucinandt>Tosin)of  protein,  but 

Ooi  from  carbohydrates.  Normally,  the  oxybutyric  acid  is  completely  burned.  This^ 
•©cms  to  require  the  simultaneous  combustion  of  a  certain  quantity  of  glucose  (at  least 
one  molecule  of  glucose  to  three  molecules  of  the  higher  fatty  acids).  It  is  conditioned 
On  the  aldehyd  group  of  the  glucose,  analogous  to  glycuronic  acid  formation.  Ringer, 
>9i4f  assumes  the  formation  of  a  glucosidal  compound,  which  faciHtates  oxidation. 

\\licn  the  ratio  of  the  glucose  is  insu£icient,  the  oxybutyric  acid  is  not  completely 
(turned;  a  part  is  excreted  unchanged,  and  a  part  as  aceto-acetic  acid  and  acetone  (G. 
•^-uak,  1909). 

CH,  CHt  CH, 

1  I  I 

CHOH   -^      CO     -►       CO 

CHs  Cos  CHs 

COOH  COOH 

Bcta-hydroxy-  Aceto-acetic  Acetone 

butyric  acid  acid 

Quantity  of  Oxybutyric  Acid  in  Blood  and  Tissties. — Since  this  acid  is  an  intcrmediaiy 
■"oduct  of  normal  metabolism,  traces  are  normally  present  in  the  blood  and  Itssues, 
^>«ciaUy  in  the  liver;  but  much  less  than  in  acidosis.     For  instance,  in  normal  subjects^ 
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100  c.c.  of  blood  contains  less  than  1.5  mg.  of  aceto-acetic  add^  and  less  than  4^10. 
of  oxybutyric  acid.  In  acidosis,  the  proportion  may  rise  to  28  mg.  of  acetone  and  45 
mg.  of  oxybutyric  acid  (Marriott,  19x4).  The  quantity  in  the  liver  and  other  organs 
also  is  greatly  increased  in  phlorhizin  acidosis,  and  especially  in  diabetic  coma  (Susa, 
1914). 

Conditions  Leading  to  Oxybutyric  Acidosis. — These  arise  whenever  the 
rate  of  carbohydrate  metabolism  is  inadequate,  relative  to  the  fat  catabo- 
lism.  The  most  important  are  starvation;  diabe^s;  and  hepatic  asomalies 
(Woodyatt,  1916).  '       ' — ^^ 

Fasting. — This  may  result  in  acidosis,  or  not;  according  to  whether  the  subject  bu 
fat  to  bum  or  must  live  on  his  protein.  In  very  severe  diabetes*  increased  protein  intake 
may  increase  the  acidosis  (through  the  amino-acids) ;  but  in  phlorhizin  acidosis,  when 
the  organism  can  still  burn  sugar,  the  feeding  of  protein  diminisnes  the  acidosis  (Benedict 
and  Osterberg,  1914). 

Diabetic  Acidosis. — This  corresponds  exactly  to  the  starvation  acidosis;  the  impaired 
utilization  of  sugar  furnishing  the  condition  for  the  faulty  fat  metabolism. 

Hepatic  Anomalies. — The  acidosis  substances  are  mainly  regulated  by  the  liver.  It 
is  therefore  natural  that  hepatic  derangements  should  give  rise  to  acidosis.  Mottram, 
1915,  indeed,  refers  all  acetone-conditions  to  enforced  over-activity  of  the  liver,  since 
he  finds  them  constantly  associated  with  fatty  infiltration  of  the  liver  cells. 

Lactic  Acidosis. — Lactic  acid  appears  in  the  blood  after  violent  exercise,  stiycfanin 
spasms,  and  phosphorus  poisoning.  It  has  also  been  found  in  the  urine  after  oocaia 
convulsions  (Underhill).  The  lactic  acid  is  derived  from  glucose,  for  it  does  not  occur 
in  glycogen-free  animals  (Lusk,  igi6). 

Lactic  Acid  Excretion  in  Alkalosis. — Macleod,  1918,  finds  that  the  injection  or  ad- 
ministration of  alkalies  increases  the  elimination  of  lactate,  sufficient  to  neutnKie 
about  V^o  of  the  excess  of  alkali. 

Creatin  Elimination. — This  appears  to  be  connected  with  acidosis.  In  rabbits, 
Underhill,  1916,  finds  that  acid-producing  foods  (oats  and  cx>m)  cause  the  appearance 
of  creatin  in  the  urine,  and  this  is  removed  by  base-producing  foods  (carrots). 

Creatin  Excretion  in  Starvation. — This  also  appears  to  depend  largely  on  the  acidosis. 
It  may  be  abolished  by  alkali  administration  m  the  early  stages  of  starvation;  modi 
more  difficultly  later.  However,  carbohydrate  deficiency  may  cause  creatinuria  evci 
in  the  absence  of  acidosis  (Underhill,  1916). 
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General  Statement — These  are  used  mainly  for  their  local  actkm  on 
digestion  in  gastric  hypoacidity,  etc.  The  sparingly  soluble  add  salts 
(acid  potassium  tartrate)  extend  their  action  into  the  intestines,  and  pro- 
duce catharsis.  After  absorption,  the  mineral  acids  and  their  add  salts 
increase  the  acidity  of  the  urine,  and  are  employed,  usually  with  heia- 
methylenamin,  against  ammoniacal  fermentation  of  the  urine.  They 
are  further  used  as  antidote  to  alkali  poisoning;  as  local  astringents 
against  excessive  perspiration;  and  as  local  hemostatics. 

Action  on  Digestion. — The  reaction  of  the  gastric  and  intestinal  con- 
tents modifies  the  activity  of  the  motor  and  secretory  functions,  and  d 
the  digestive  ferments.  These  eflFects  may  give  rise  to  digestive  disturb- 
ances, or  be  utilized  for  the  correction  of  digestive  disorders.  The  results 
depend  on  the  condition  of  the  alimentary  canal,  and  therefore  on  the  time 
of  administration,  as  well  as  on  the  dose  and  concentration  of  the  add. 

Action  in  the  Mouth. — Acids  have  a  characteristic  "^omt"  taste^  and 
are  slightly  astringent  in  the  mouth.  This  taste  determines  thdr  use  as 
flavors.  They  soften  the  enamel  of  the  teeth^  and  should  therefore  be 
taken  through  a  glass  tube.  They  also  refiexly  increase  the  flow  of  sfl/*»T 
but  this  is  of  little  practical  importance. 
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Use  in  Fevers. — The  addition  of  acid  makes  it  easier  to  take  larger  quantities  of  cold 
water  than  could  conveniently  be  taken  without.  They  are  therefore  of  therapeutic 
value  infevcrsy  when  one  wishes  to  obtain  at  the  same  Lime  tJic  refrigerant  action  of  cold 
and  the  diuretic  effect  of  large  quantities  of  fluid.  It  was  beUcvcd  that  the  alkalinity 
of  the  tissues  is  raised  in  febnle  conditions,  and  that  this  is  counteracted  by  acids.  The 
modern  idea^  render  thib  doubtful. 

Action  in  the  Stomach. — The  presence  of  acid  is  important  for  the 
digestion  of  pxgteiiis  and  connective  tissue;  for  the  control  of  the  pyloric 
sphincter;  and  for  its  antiseptic  properties. 

Gastric  Acidity. — Pure  human  gastric  juice,  pathologic  as  well  as  normal,  is  secreted 
with  about  0.4  to  0.5  per  cent,  of  free  HCl  (Roeder,  1905;  Rehfuss  and  Hawk.  1014; 
Carlson,  1915)  tbe  same  as  in  dogs  or  cats.    This  corresponds  to  pH  =  o.^5  to  i  (Menten, 

The  addity,  however,  is  not  normally  maintained  in  the  stomach,  the  acid  being 
rapidly  neutralized  by  the  saliva,  the  mucus  and  the  reflux  of  duodenal  contents,  to 
0.15  o  or.i.per  cent.  HCl  (BoldyrciT).  The  breaking  down  of  this  mechanism  appears 
to  be  the  basis  of  "h>'peracidit:y, "  in  which  the  acid  remains  at  the  same  concentration 
(0.5  per  cent.  HCl)  at  which  it  was  secreted  (Carlson,  igis).  The  curve  of  the  acidity 
during  normal  digestion  has  been  studied  in  man  by  McClendon,  1915.  He  also 
determined  the  hydrogen-ioQ  concentration  of  human  duodenal  conicrUSt  viz.^HC)  —  2 
X  lo-V 

iAberaiicm  of  HCl. — The  mechanism  by  which  HCl  is  liberated  ia  not  fully  established 
Kocppe,  i8q6,  supposed  that  it  is  formed  in  the  stomach  from  NaCl:  assuming  that  the 
epitiielium  is  permeable  to  Na  and  not  to  CI  ions,  the  sodium  would  diffuse  out  of  the 
stomach,  and  H  ions  would  diffuse  into  it.  The  theory  requires  further  prorof.  Ham- 
mett,  1915.  confirms  Fitzgerald  that  the  acid  exists  in  the  bodies  and  canattculi  of 
the  parietal  cclb. 

Pyloric  Control. — Free  acid   in   the   stomach   increases   the  pyloric 

peristalsis;  it  closes  the  cardiac  and  opens  the  pyloric  sphincter.  How- 
ever, the  presence  of  free  acid  in  the  duodenum  closes  the  pyloric  sphincter 
iinli]  the  acid  is  neutralized  by  the  intestinal  juices.  Moderate  gastric 
acidity  therefore  hastens  the  discharge  of  food  from  the  stomach,  but 
excessive  acidity  prolongs  the  sojourn  because  it  can  not  be  promptly 
neutralized  in  the  duodenum  (Cannon,  191 1). 

The  controlling  influence  of  acids  on  the  empt>"ing  of  the  stomach  appears  to  be 
exerted  mainly  from  the  duodenal  side:  clinically,  the  time  of  discharge  is  often  normal 
in  achylia;  and  gastric  stasis  often  exists  in  hyperthlorhydria.  In  fasting  anesthetized 
dogs,  water  is  discharged  from  the  stomach  more  promptly  than  any  degree  of  acidity; 
Acids  causing  a  delay,  proportional  to  their  concentration.  Duodenal  regurgitation 
begins  n-ith  0.3  per  cent.  HCl  (W.  E.  Morse,  iQifi). 

Foods  also  act  on  the  acid  regulation  of  the  pylorus:  proteins  by  binding  the  acid, 
prolong  the  sojourn;  so  do  fats,  by  binding  the  duodenal  alkaK.  Carbohydrates  are 
indifferent. 

Relation  of  Gastric  Pain  to  Acidity. — The  pain  of  gastric  ulcer  has 
biecn  attrihuted  to  direct  irritation  by  the  free  acid.  However,  it  appears 
to  be  indirect,  due  sometimes  to  the  increase  of  gastric  peristalsis  and  tone, 
and  pyloric  spasm;  or  more  often  to  hyperesthesia  to  these  motor  activities. 

In  human  subjects  with  normal  stomachs,  Lowenthal,  1892,  found  no  sensation  from 
ajoc-cof  0.3  percent.  HG.  With  0.5  percent,  there  was  sometimes  a  warm  sensation, 
hmt  no  pain.  Other  observers  report  absence  of  any  sensation  with  0.5  per  cent.  J.  K. 
Schmidt,  1909,  found  no  symptoms  with  0.5  to  2  per  cent.  With  5  per  cent.,  Boring 
T«pt»rts  a  sensation  similar  to  nunger-pains. 

The  results  on  patients  with  gastric  ulcer  are  more  variable.  Pain  was  sometimes, 
t>«Jl  not  always  present,  after  o.i  to  0.4  per  cent.  HCl.  Ginsberg  et.  al.,  igi6,  find  that 
t:lif  pain  is  always  accompanied  by  strong  contractions,  indicating  tluit  it  is  due  to  ten- 
sion.   This  was  relaxed  by  alkalies  or  amyl  nitrite;  strengthened  by  pituitary. 

I-  L.  Hardt,  iqiS,  found  that  ulcer  pains  occurred  in  the  absence  of  free  add,  and 

ivMmetiroes  even  be  relieved  by  0.3  per  ceBt,  HCl. 
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Digestive  hs^etL,'—p£fis3A;  acte  only,  in^the  presence_jBf  free  add. 
While  any  add  may  answer  for  this  purpose,  hydrochloric  seemsToTx 
the  best,  and  is  most  efficient  in  the  concentration  existing  in  the  gastric 
secretion;  it  also  aids  in  the  solution  of  the  connective  tissue  of  meats;  and 
it  determines  the  antiseptic  qualities  of  gastric  juice. 

The  ingestion  of  dilute  add  also  increases  the  secretion  of  gastric 
juice.  •  This  effect  is  partly  reflex,  for  it  is  observed  in  PawloVs  separated 
stomach  (Bickel,  1905)  but  only  when  it  is  given  with  food  (Heinsheimer, 
1906). 

Salivary  Digestion  in  ike  Stomach. — Very  slight  addity  accelerates  the  action  of 
all  diastases,  but  somewhat  stronger  concentrations  depress.  However,  the  bulk  of 
the  food  remains  for  an  hour  or  more  in  the  cardiac  pouchy  with  only  the  surface  li)tr 
impregnated  by  acid  (He^de  and  Gruetzner).  Salivary  digestion  proceeds  piacticallj 
undisturbed  during  this  tune  (Cannon,  191 1). 

Pancreatic  Juice. — The  flow  is  increased  by  acids. 

This  action  is  perhaps  partly  reflex,  but  it  has  been  shown  (Bayliss  and  Stariing' 
1903)  that  the  presence  of  acid  in  the  jejunum  leads  to  the  production  of  a  chemic  sub- 
stance, "secretin,"  the  intravenous  injection  of  which  stimulates  the  pancreas  to 
increased  secretion. 

Bile. — The  secretion  of  bile,  and  the  contractions  of  the  gall-bladder 
are  increased  by  the  introduction  of  acid  into  the  duodeniun  (Okada,  iqis). 

(Rless  and  Rneupfel,  1914,  claimed  that  the  evacuation  of  the  gall-bladder  is  not 
hastened  by  Injection  of  acid  or  soap  into  the  duodenum.) 

Use  in  Indigestion. — Acids  are  administered  in  dyspepsias  in  whidi 
the  secretion  of  acid  is  deficient;  in  putrefactive  fermentation;  and  in 
infantile  diarrheas  due  to  this  cause  All  mineral  acids  act  alike.  Dilute 
Hydrochloric  Acid  (i  c.c,  diluted,  just  before  or  after  meals)  is  generally 
preferred.    It  is  often  combined  with  bitter  stomachics. 

It  has  been, objected  that  doses  much  greater  than  the  ordinary  would  be  reqaired 
to  restore  the  normal  acidity.  However,  when  taken  after  meals  the  add  would  be  con- 
fined to  the  surface  of  the  food-mass  and  would  therefore  suffer  little  dilution. 

The  increased  flow  of  pancreatic  juice  and  of  bile  is  probably  too  small  to  beof  tsf 
value. 

Acids  are  contraindicated  in  catarrhal  conditions,  in  which  there  is 
a  hypersecretion  of  mucus.  Even  in  normal  individuals  the  prolonged 
administration  of  large  quantities  of  acids  is  apt  to  prove  too  irritant, 
and  interferes  with  digestion.  This  is  the  explanation  of  the  popular  use 
of  vinegar  to  reduce  obesity.  A  direct  limitation  of  diet  would  seem  a 
more  rational  means  for  this  purpose. 

Lactic  Acid  Organisms. — These  were  introduced  with  the  object  of 
supplying  the  antiseptic  action  of  acids  to  the  intestines,  in  ii^EantOe 
diarrheas,  etc. ;  but  they  have  not  fulfilled  these  expectations  very  satis- 
factorily.   They  are  discussed  in  N.N.R. 

Combined  Add. — In  order  to  avoid  the  irritant  effects  of  free  add,  k>Ofle  add  com- 
pounds have  been  administered  to  liberate  their  add  gradually;  such  are  Addol  (betain 
nydrochlorid)  and  Oxyntin  (add  protein).  However,  they  are  therapeutically  useks- 
Long  and  Hull,  1915,  showed  that  the  quantity  of  add  bound  by  proteins  is  quite  defi- 
nite and  does  not  depend  simply  on  the  H-ions;  but  it  is  so  small  tnat  it  barely  suffices 
for  the  digestion  of  the  comoined  protein.  Betain  hydrochlorid  is  more  active,  Int 
still  below  therapeutic  efficiency  (Long,  1915). 
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Action  on  Urine. — The  administration  of  adds  increases  the  acidity  of 
the  urine.  This  leads  to  increased  irritability  of  the  mtuoiis  membranes 
of  the  urinary  passages,  so  that  inorganic  acids  are  to  be  avoided  in  all 
iaflammatory  conditions  of  these  organs.  They  must  also  be  avoided 
where  there  is  a  tendency  to  the  formation  ofjiric  acid_oijU£alatc  cakidi. 
On  the  other  hand,  they  are  indicated  with  j)hos[jhatic  calculi.  They  are 
used  especially  to  enhance  the  action  of  hexamethylenamin  (see  Index). 
It  may  be  repeated  that  they  increase  the  ammonia  of  the  urine  at  the 
ex|>ense  of  the  urea. 

Acid  Irrigation  of  PkospJtatu:  Renal  Calculi. — These  dissolve,  although  very  slowly, 
in  0.06  per  cent.  HCI.  Since  this  strength  would  be  harmless,  Gesinger  etal.,  1918, 
suKgcst  Its  use  by  continued  irrigation,  for  stone  in  the  renal  peUis  or  ureter. 

Effects  upon  Metabolism. — Outside  of  the  change  in  the  ratio  of  am- 
monia and  urea,  these  arc  quite  small,  as  far  as  our  present  means  allow 
us  to  judge.  The  excretion  of  nitrogen  seems  to  be  pretty  constantly 
slightly  increased. 

Applied  directly  to  excised  organs — muscle,  ner\'e,  etc. — the  result  is 
an  increase  and  subsequent  diminution  of  function. 

Stjrptic  Action. — The  local  application  of  dilute  acid  is  fairly  efficient 
(Hanzlik,  1918). 

Organic  Acids. — The  local  actions  are  along  the  same  lines  as  those  of 
the  inorganic  acids,  but  pn-esent  important  differences  in  detail.  They 
are  little  used  in  digestive  disorders.  Their  systemic  actions  are  quite 
different,  since  they  are  for  the  most  part  burned  in  the  body.  They  are 
therefore  more  conveniently  discussed  in  connection  with  their  salts. 

PREPARATIONS — DILUTE   MINERAL  ACIDS 

These  have  a  uniform  strength  of  10  per  cent.  They  are  colorless, 
odorless  liquids,  of  strongly  acid  taste;  miscible  with  water,  alcohol  or 
glycerin.  They  are  incompatible  with  alkalies  and  the  salts  of  weak  acids 
(carbonates,  salicylates,  sulphides,  sulphites,  etc.).  Dose^  1  c.c,  15  min- 
ims, U.S. P.;  0.3  to  1.2  c.c,  5  to  20  minims,  B.P.;  in  one-half  tumbler  of 
water  after  meals. 

'Acidum  H ydrocklorifum Dilutum  (Add.  Hydrochl.  Dil.),  U.S.P.,  B.P. — Incompatible 
also  with  salts  of  .\g  and  Pb. 

Acidum  Nitricum  DUitium  (\c\d.  Nit.  DU.),  B.P. 

(Add.  NUrohyidrochl.  Dil. — See  Index). 

Acidum  Phos'phoruum  (Acid.  Phos),  U.S.P.;  Acid  Phosph.  Cone,  n.P.^87  per  cent, 
of  HjPOit  U.S.P.;  66  per  cent.  B.P.     Colorless,  odorless  syrupy  liquid. 

Add.  Phos.  Oil.,  U.S.P.;  Acid.  Phosph.  DiL,  B.P. 

Add.  Stdph.  Ihl.,  U.S.P.,  B.P. 

Acidum  Sulphuricum  Aromaticum  (Add.  Sulph.  Arom.),  U.S.P.,  B.P. — An  alcoholic 
dilution  of  sulphuric  acid,  flavored  with  ginger  and  cinnamon.  Contains  free  sulphuric 
acid  and  cthylsulphuric  acid  equivalent  to  about  20  per  cent,  of  HjSO*,  US  P.;  about 
14  per  cent.,  B.P.  A  clear,  reddish-bro^vn  liquid;  pleasant  aromatic  odor;  intensely 
acid.     Dose,  i  c.c,  15  minims,  U.S. P.;  0.3  to  1.2  c.c  ,  5  to  20  minims.  B.P.,  diluted. 

It  is  doubtful  whether  it  pos.sesses  any  advantage  over  other  acids.  Ethyl-sulphuric 
add  acts  simply  as  a  mineral  acid  (Uyedo.  1910). 

Inf.  Ros.  Acid.,  B.P. —  1.J5  percent.  Add.  Sulph.  Dil.,  2.5  per  cent,  dried  rose  petals. 
Dose^  15  to  30  c.c,  >^  to  I  ounce,  B.P. 


SODIUM  BICARBONATE  AND  OTHER  MILD  ALKALIES 
General  Statement. — Sodium  and  potassium  bicarbonates  are  used  as 
liquefying  expectorants,  and  to  dissolve  mucus  in  other  catarrhal  condi- 
tions.   Sodium  bicarbonate  is  particularly  useful  for  neutrali^iing  hyper- 
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acidity  in  digestive  disturbances.  Magnesium  oxid,  or  magnesiuin  or  cal- 
cium carbonate,  act  more  persistenUy,  but  less  promptly  and  efficiently. 
Excessive  doses  of  alkalies  disturb  digestion  and  produce  diarrhea. 

The  systemic  effects  are  utilized  for  combating  acidosis.  Smaller 
doses,  especially  in  the  form  of  potassium  bicarbonate  or  citrate,  are 
used  in  rheumatism  and  gout.  Their  action,  if  they  have  any,  is  not 
understood. 

The  administration  of  alkalies  increases  the  flow  of  urine  and  reduces 
its  acidity  or  renders  it  alkaline.  This  is  useful  for  decreasing  the- irrita- 
tion in  cystitis,  and  to  prevent  the  formation  of  ug^te  calculi. 

>S0dium  carbonate  is  too  irritant  for  internal  use. 

'Effeci  cmlkfucus. — Mucin  is  more  soluble  in  alkaline  media,  so  that 
the  alkalies  dissolve  any  accumulations  of  mucus  or  render  them  more 
fluid.  At  the  same  time  they  increase  mucous  secretion  through  a  mild 
irritation. 

Use  in  Catarrlis. — Mild  alkalies,  especially  bicarbonate  and  borate, 
are  used  as  washes  or  gargles  (i  to  4.  per  cent.)  in  all  kinds  of  catarrhal  con- 
ditions; as  expectorants;  in  cystitis,  dysentery,  etc. 

Removal  of  False  Membranes. — The  false  membranes  of  diphtheria, 
croup,  etc.,  are  also  composed  largely  of  mucus,  and  may  be  broken  down 
by  alkalies.  These  may  be  applied  by  inhaling  the  va^rs  produced  by 
slaking  lime  in  the  sick-room. 

Use  on  the  Skin. — Alkalies  are  also  employed  to  soften  the  crusts  in 
eczema;  as  a  soothing  lotion  in  dermatitis  and  bums;  to  relieve  itching, 
etc. 

Action  on  Normal  Digestion. — Strong  alkalies,  including  sodiuQuar- 
bonate,  produce  local  irritation  and  gastritis.  The  weaker  alkalies,  sud 
as  the  bicarbonates,  would  also  tend  to  interfere  with  normal  digestion. 
They  tend  to  inhibit  the  secretion  of  digestive  juices;  the  activity  of  pep- 
sin; the  gastric  peristalsis  and  the  opening  of  the  pyloric  sphincter  (Can- 
non, 1911);  the  protective  action  of  the  mucus  and  the  antiseptic  actioQ 
of  the  gastric  acid.  They  might  be  conceived  to  aid  the  digestion  of  fats; 
but  the  intestines  are  normally  sufficientiy  alkaline. 

In  fact,  however,  these  detrimental  actions  are  very  slight,  and  the 
utilization  of  the  food  is  practically  perfect  (unless  excessive  doses  art 
taken),  because  moderate  quantities  are  rapidly  neutralized  and  absorbed.' 

Secretion  of  Gastric  Juice. — It  was  formerly  claimed  that  this  is  stimu- 
lated; but  practically  all  of  the  later  experiments  indicate  that  it  is 
rather  diminished  both  in  quantity  and  acidity  (Pawlow,  x897;Bicke], 
1905;  Heinsheimer,  1906;  Rosenblatt,  1907;  Wilbrand,  1914;  Chiari,  1915)- 

King  and  Hanford,  iQi?,  found  in  a  dog  with  a  Pavlov  stomach,  that  odc  per  cent 
sodium  bicarbonate  excites  some  flow  of  gastric  juice,  but  rather  less  than  distilkd 
water.  The  total  acidity  of  the  "  alkali  juice  "  was  a  little  lower  than  the  "  water  juia-" 
The  peptic  activity  was  about  the  same. 

Pancreatic  Secretion. — This  is  diminished  by  the  oral  administration 
of  bicarbonate  (Wilbrand,  1914). 

Ferments. — Diastases  are  hindered  by  free  alkali,  being  very  sensitive. 
Pepsin  is  also  inhibited  or  destroyed  (Hamburger,  1915;  see  imder  Sodium 
Chlorid).    Trypsin  can  act  in  a  weakly  alkaline  mediima. 

Use  of  Alkalies  in  Digestive  Disturbances, — ^While  alkalies  are  either 
indifferent  or  disturbing  to  normal  digestion,  they  are  very  useful  to 
restore  the  normal  conditions  in  digestive  diseases. 

1  The  literature  on  alkalies  to  1890  is  covered  in  the  work  of  Stadelmann. 
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'Gastric  Catarrh  artd  Dilatation. — The  alkalies  dissolve  the  excessive 
mucus  which  lessens  the  permeability  of  the  walls  of  these  organs,  pre- 
venting at  once  the  pouring  out  of  digestive  juices  and  the  absoq^tion  of 
the  digestive  products.  This  mucus  forms  a  similar  impermeable  coating 
about  the  masses  of  food.  Further,  the  mere  presence  of  a  large  amount 
of  indigestible  material — and  tenacious  mucus  must  be  regarded  as  such 


-is  in  itself  irritating.    Lavage  with  i  per  cent,  bicarbonate  is  the  most 
with  an  emetic  or  cathartic. 


efficient  treatment  of  these  conditions;  but  the  alkali  may  also  be  given 


JfUcstifial  Catarrh  afid  Catarrhal  Jaundice. — The  alkalies  arc  similarly 
useful.  (They  do  not  increase  the  secretion  of  bile;  Rutherford,  1879.) 
In  intestinal  affections,  the  slowly  soluble  alkalies,  magnesium  oxid  or 
magnesium  or  calcium  carbonate,  may  be  preferred,  so  that  they  will  not 
be  neutralized  before  reaching  the  intestines.  A  saline  cathartic  enhances 
their  usefulness.  This  combination  exists  in  several  mineral  waters  (e.g., 
Carlsbad).  For  infants,  lime-water  is  generally  preferred  to  the  other 
alkalies. 

Gastric  Ulcer. — Alkalies  are  useful  by  diminishing  the  quantity  and 
acidity,  and  therefore  the  irritation,  of  the  gasiric  juic^  They  also 
permit  the  destruction  of  the  pepsin  through  sodium  cWorid.  ^j^n?"*^ 
siy^£a£bfle3,tf  is  preferable,  because  its  action  is  more  prolonged,  and 
because  it  adds  a  mechanica!  protection. 

An  efficient  routine  for  continuous  alkali  treatment  for  gastric  ulcer  is  described  by 
Sippy,  1915:  Soft  food  is  given  everj*  hour.  Midway  between  the  feedings,  the  patient 
receives  a.n  alkali,  alternating  between  (i)  magnesia  and  sodium  bicarbonate,  each  0.65 
Gm.,  10  gr^.,  and  (2)  bismuth  subcarbonate,  o.Os  Gm,  10  grs.,  with  sodium  bicar- 
bonate. 2  Gm.,  30  grs.  The  progress  is  controlled  by  the  reaction  of  the  stomach 
contents,  which  ^ould  not  be  aUowed  to  become  acid. 

Gastric  Hyperacidity;  Functional  Dyspepsias,  Ueart-burn;  Gastric 
hlatidence^  Eic. — In  these  conditions,  the  soluble  alkalies  (sodium  bicar- 
bonate or  aromatic  ammonia)  are  commonly  used  and  effective.  They 
neutralize  the^xceasiiie  acid,  relax  the  spasmodic  pylorus  (Enriquez, 
Binet  and  Gaston  Durand,  191 4),  and  thus  empty  the  stomach  and 
lessen  the  pain  and  irritation.  The  COj  which  is  Ubcrated  stimulates  the 
gastric  movements  (Schierbeck,  i8gi),  and  promotes  the  expulsion  of  the 
gas.  It  acts  perhaps  also  as  a  mild  local  anesthetic.  The  bicarbonate  is 
useiully  combined  with  an  aromatic  carminative  (peppermint]  and  cath- 
artic (rhubarb). 

Timt  of  Administration. — This  has  given  rise  to  much  theoretical  and 
unproductive  discussion.  The  alkalies  should  evidently  be  given  when 
the  digestive  conditions  call  for  them.  This  is  belter  recognized  by  the 
symptoms  than  by  rules.  The  soluble  alkalies  (bicarbonate,  1  Gm.; 
aromatic  ammonia,  2  c.c;  for  infants,  lime-water)  should  be  administered 
whenever  they  are  indicated  by  gastric  distress,  and  repeated  as  often  as 
needed;  also  at  bedtime  and  on  arising.  For  intestinal  effect,  they  should 
be  given  on  an  empty  stomach. 

Obesity. — Alkalies  are  sometimes  used.  Their  effects  are  probably  due  to  disturb- 
ance of  flif^cstion. 

Use  in  ArteriaJ  Hypertension. — Full  doses  of  alkalies  temporarily  lower  the  arterial 
pressure,  nrol>ably  as  a  result  of  the  nausea.  The  benefit  is  doubtful.  Schcffcr,  igoS, 
advocates  sndium  siliaite,  but  bicarbonate  accomplishes  the  same  result. 

Alkalosis  and  Scurvy. — Hess  and  Unger.  igicj.  describe  the  occurrence  of  minor 
scur\T  0°  alkoUnizcd  milk,  in  guinea  pigs;  and  also  in  infants  fed  on  malt  soup  formulas 
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which  contAin  potassium  carbonate.  The  condition  yields  promptly  when  antiscorba- 
tics  are  added;  so  that  the  carbonate  might  act  by  destroying  the  hypothetical  aoti- 
scorbtitic  vitamin  of  milk. 

Use  of  Alkalies  in  Acidosis.— Their  rationale  has  been  discussed. 

The  alkali  must  be  administered  in  large  quantity.  This  can  best  be 
accomplished  by  sodium  bicarbonate.  This  has  the  advantage  over  the 
carbonatt:^  and  especially  the  hydroxid,  in  that  its  actual  alkalinity  (OH 
ions),  and  therefore  its  local  action  and  toxicity  are  much  lower;  while  its 
potential  alkalinity,  and  therefore  its  neutralizing  power  is  not  very  much 
inferior- 

In  view  of  the  lower  toxicity,  considerable  larger  amounts  of  alkali  can  be  introduced 
as  bicarbonate. 

The  carbonate  can  lake  up  more  carbonic  acid  than  bicarbonate,  but  this  advantafc 
is  illusory;  for  the  ratio  of  carbon  dio;cid  and  carbonate  Is  immediately  adjusted  in  the 
lungs  to  the  normal  equilibrium  (ScUards).  * 

Ne%itraiizing  Power  of  Alkalies. — To  neutralize  loo  ports  of  lo  per  cent.  HQ  requires 
the  following  quantities  of  the  official  sodium  salts:  acetate'  »  37.3;  citrate^  »  j;.6: 
bicarbonate  —  i^i.^;  carbonate  =  17. i;  calcium  carbonate  =•  13.8;  sodium  hydioxia 
»  12. 2;  magnesium  oxid  =  5.5. 

To  neutralize  a  given  Quantity  of  acid  therefore  requires  nearly  60  per  cent,  more  of 
NaHCO,  than  of  Na-COi  (absolute).  On  the  other  hand,  a  ^ven  quantity  of  NaHCOi 
gives  about  37  per  cent,  more  of  COs  than  the  same  quantity  of  NajCO];  or,  in  other 
words,  it  requires  about  37  per  cent,  more  of  NaiCOj  to  obtain  a  given  quantity  of  COj. 
than  would  be  required  of  NaHCO». 

Administration  and  Dosage  in  Acidosis. — The  use  of  the  bicarbonate 
should  not  be  delayed  until  coma  has  set  in,  for  it  may  then  be  loo  laie. 
It  should  be  begun  as  soon  as  the  acidosis  is  recognized.  The  initial 
daily  dose  by  mouth  may  be  jq  to  ^  Gm..  1  to  ij^-i  ounces,  in  divided 
doses  and  freely  diluted,  besfoetweeinneals.  This  may  be  raised  to 
100  Gm.  or  more. 

It  should  be  continued  at  least  until  the  pH  of  the  plasma  is  normal, 
and  if  possible,  until  the  re5er\'e-alkalinity  of  the  plasma  has  been  restored. 

These  large  doses  generally  produce  a  cathartic  effect.  Thb  purging  may  not  be 
entirely  uicless.  At  all  events,  plain  purges  have  been  found  useful  in  such  cases,  UkI 
so  has  pilocarpin,  originally  used  on  the  theory  that  it  helps  the  elimination  of  tite 
"toxins." 

After  coma  has  set  in,  the  oral  administration  may  be  continued,  ^ 
"drop  enemas"  of  a  4  per  cent,  solution  may  also  be  given.    Howc\*er» 
these  can  not  be  relied  upon  to  secure  sufficient  absorption;  and  sleriliicd      , 
bicarbonate  solution  should  be  injected  slowly  by  vein.  M 

The  heat  of  sterilization  drives  off  some  of  the  CO2,  and  thus  coavtfts    V 
part  of  the  bicarbonate  into  the  carbonate.    This  is  highly  corrosive  lo 
the  subcutaneous  tissue.     The  ordinary  solutions  must  therefore  never 
be  injected  hypodermically,  nor  even  allowed  to  escape  into  the  skin  from 
the  intravenous  injections;  for  serious  sloughing  may  result. 

Intravenous  Dosage  of  Sodium  Bicarbonutc. — It  may  be  injected  as  5  per  cent,  sotf" 
tion.  As  a  prophylactic,  3  to  5  gms.  may  be  administered  every  a  to  5  noursuntilthf 
reaction  of  the  urine  changes.  In  developed  acidosis,  much  more  must  be  jpvro- 
gencrally  500  c.c.  of  the  5  per  cent,  injected  slowly  (in  half  an  hour),  is  a  safe  nuuumun 
(Sellards). 

Hypodermic  Injerlion  of  Pure  Birarbnn-aic  Solution. — If  the  solution  is  freed  fn)* 
NasCOi  by  saturating  it  with  CO-  until  it  is  colorless  to  phenolphthalein,  it  do<«  vA 
cause  necrosis  and  only  very  slight  irritation.  Magnus-Levy,  i9i,<,  and  Cap»^ 
i<jT4,  advocate  the  h>podermic  use  of  a  liter  of  a  r  per  cent,  solution  of  this  kind  tp 
follow  up  the  intravenous  injection;  or  if  the  latter  presents  special  difficulties  ivoe*- 
times  the  flow  becomes  arrested). 

■  After  combustion. 
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Alkalies  and  Acids  on  Sugar  Metabolism. — Aside  from  the  neutraliza- 
tion of  acidosis,  alkalies  are  probably  further  useful  in  diabetes  by  pro- 
moting the  utilization  (combustion)  of  sugar.  Acidosis,  on  the  other  hand, 
tends  to  produce  hyperglycemia.  There  is  thus,  in  diabetes,  a  vicious 
circle  of  hyperglycemia  and  acidosis,  which  may  be  broken  by  the  alkali. 
However,  the  experimental  data  are  somewhat  contradictory,  probably 
depending  on  accessory  conditions  that  are  not  understood. 

AfkaU  on  Glucose  Afftabolism. — Pavy  and  Coddcn,  191  a,  observed  that  the  injection 
of  alkali  prevenLs  ether  and  chloroform  acidosis.  FJias,  iQt^,  found  that  feeding  alkali 
removed  hunger  glycosuria  and  diminLshtfd  pancreatic  diabeles. 

Underbill,  IQ16,  found  that  alkali  also  lowers  epincphrin  glycosuria.  In  a  case  of 
severe  human  diabetes,  large  doses  of  alkali  markedly  decreased  the  sugar  excretion 
and  raised  the  carbohydrate  tolerance. 

Fulk  and  Maclcod  also  confirmed  the  tendency  of  alkalies  to  diminish  the  sugar  of 
the  blood.  This  is  not  due  to  a  change  in  the  glycogen  formation,  so  that  the  sugar 
must  be  more  rapidly  destroyed.  This  is  reflected  by  an  increased  lactic  acid  content 
of  the  blood,  lactic  acid  being  a  product  of  glucose  combustion  (Madcod  and  Hoover, 
1917)-    The  injection  of  acids  conversely  diminishes  the  lactic  acid. 

The  injection  of  dextrose,  in  large  amounts,  in  itself  increases  the  hj'drogen-ion 
concentration  of  the  blood  {Maclcod  and  Fulk,  tpi?),  perhaps  by  leading  to  incomnlete 
combustion  of  lactic  acid.  If  dextrose  was  injected  with  sufficient  alkali,  the  liver 
removed  the  sugar  more  actively  from  the  blood  (Macleod,  igi?)- 

On  the  other  hand,  Beard,  191H,  found  no  ronslanl  influence  of  sodium  bicarbonate 
admim!i.tratiun  on  the  carbohydrate  tolerance  in  diabetes. 

In  normal  rabbits,  the  bloo<i  sugar  is  not  lowered  by  the  injection  of  sodium 
bicarbonate  (McOanell  and  Underhill,  1917). 

In  normal  dogs,  alkali  injection  does  not  increase  the  respiratory  quotient,  but 
tends  to  inhibit  gfycoRenol>'si5  (Kramer  and  Marker,  1916),  and  increases  the  deposition 
of  injected  dextrose  in  the  liver  (Macleod,  igi6). 

Murlin  and  Kramer,  1916,  confirmed  that  the  injection  of  alkali  suppresses  the  gly- 
cosuria of  dcpancrcatcd  animals,  or  at  least  lowers  the  D  -r-  X  ratio.  The  respiratory 
quotient  rises,  and  the  blood-sugar  and  the  glycogen  are  not  increased,  so  that  there 
roust  be  an  Incrcaswl  combustion  of  sugar. 

The  retained  glucose  is  not  deposited  as  glycogen,  nor  excreted  by  the  saliva,  stomach 
or  intestines  ''Kramer,  Marker  and  Murlin.  IQ16).  When  the  pancreas  has  not  been 
completely  removed,  there  is  distinct  improvement  in  sugar  combustion.  After  com- 
plete excision,  however,  the  combustion  is  not  improved,  and  nevertheless  the  sugar  is 
retained. 

Prophylaxis  of  Anest/tetic  Acidosis. — W.  H.  Morriss,  1917,  recommends  the  adminis- 
rralion  of  15  to30gm.  of  sodium  bicarbonate  in  the  36  hours  preceding  the  anesthesia — 
sufficient  to  render  the  urine  alkaline. 

MacN'ider,  igiS,  confirmed  that  intravenous  injection  of  sodium  carbonate  protects 
nafurally  ncphropathic  animals  against  anesthetic  acidosis  and  renal  injury.  Intra- 
venous saline  does  not  confer  this  protection. 

Acids  OH  Glycosuria. — Elias,  1913,  showed  that  the  injection  of  acid  produces  hyper- 
glycemia. However,  the  add  was  too  strong  (Vi  normal  HCl)  to  make  the  results 
available  for  human  diabetes.  Watanabc,  1917,  concluded  that  acid  administration 
to  rabbits  docs  not  have  any  definite  effect  on  the  bltwd  sugar.  Jensen,  1917,  found  no 
effect  on  the  sugar  tolerance  of  a  dog  that  had  been  highly  sensitized  by  parUal  excision 
of  the  pancreas;  but  in  another  animal,  that  had  been  rendered  glycosuric  by  the  opera- 
tion, tne  administration  of  add  produced  a  distinct  rise  in  the  sugar  excretion. 

IfUravenciis  BkarbonaU  in  Shock.— Thi?,  often  gives  better  results  than 
plain  saline  infusion;  the  rise  of  blood  pressure  l>eing  more  sustained  and 
the  respiration  deeper  (Seclig,  Tierney  and  Rodenbaugh,  1913),  The 
bicarbonate,  0.5  per  cent.,  may  be  added  to  the  normal  saline  (Dawson, 
1905);  or  1.5  to  5  per  cent,  bicarbonate  may  be  used  as  such.  The  1.5 
per  cent,  is  isotonic  with  blood.     These  solutions  should  not  be  boiled. 

Sodium  Carbonate  on  Kpinephrin  Output. — Intravenous  injection  of  concentrated 
solution  increases  the  epinephnn  output  temporarily,  presumably  by  the  hypertonic 
stimulation  of  the  bulbo-spinol  centers  (G.  N.  atewart  and  Kogoff,  igig). 
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ASkali  Injection  in  Nephritis. — M.  H.  Fisher,  who  conceives  nephritis  and  edema 
as  acidosis  (page  755),  has  advocated  this  treatment.  The  clinical  results  in  the  hands 
of  others  have  often  been  unfavorable  and  sometimes  dangerous  (Wyss,  Weiland; 
Newburgh,  1913).  Bogert,  Underbill  and  Mendel,  1916,  found  that  the  restoration  of 
the  blood  volume  after  injection  of  saline  solution  was  not  hastened  by  the  addition  of 
0.4  per  cent,  of  sodium  carbonate,  either  in  normal  or  in  nephritic  aninials. 

Renal  injury  (spontaneous  glomerular  nephritis  of  dogs)  renders  the  add-base 
equilibrium  unstable,  so  that  it  is  easily  upset  oy  anesthesia,  especially  by  cblorofonn. 
Tnis  results  in  more  severe  nephritis,  anuria  or  failure  to  respond  to  diuretics  (MacNider, 
1918). 

Bicarbonate  Edema.— Large  doses  of  sodium  bicarbonate  (about  20  Gm.  per  day) 
may  lead  to  the  retention  of  water  and  eventually  to  edema,  in  proportion  to  the  dose 
(Hayem,  1890).  This  may  occur  in  diabetic  as  well  as  in  normal  individuals  (Widal, 
X911;  Levison,  1915;  Beard  and  Rountree,  1917).  It  is  probably  analogous  to  salt 
edema. 

Alkalies  and  Salicylates. — The  administration  of  sodium  bicarbonate  with  inorganic 
salicylates,  tends  to  prevent  the  precipitation  of  the  irritant  salicylic  acid  in  the  stomach. 
It  has  been  affirmed  that  it  would  also  prevent  the  albuminuria  and  acetone  that  some- 
times follow  salicyl  administration  (Glungen,  191 1) ;  but  it  is  ineffective  for  this  puipose 
(Hanzlik). 

Alkalies  and  Cinchophen. — These  arc  often  prescribed  toother,  with  the  view  of 
preventing  the  precipitation  of  the  increased  uric  acid  in  the  unne. 

Metabolism. — The  direct  eflFects  of  alkalies  are  not  important.  Per- 
haps the  only  certain  action  is  the  increase  of  urea  at  the  expense  of  am- 
monia.   The  indirect  effects  of  digestive  disturbance  may  be  more  serious. 

It  is  known  that  alkalies  favor  oxidatum;  and  it  has  been  found  that  they  lead  to  an 
increased  oxygen  consumption  and  COs  excretion  (Lehmann,  1884).  This  effect  b 
not,  however,  very  large — probably  because  the  alterations  in  the  reaction  of  the  body 
are  never  very  great.  Experiments  made  to  determine  the  effect  on  nitrogen  mdabol' 
ism  have  given  somewhat'variable  results,  and  these  were  certainly  not  greater  than  mi^t 
be  expected  from  the  pure  salt  action,  or  from  the  interference  with  digestion  wfaid 
would  result  from  large  doses.  (Doses  as  large  as  13  Gm.  sodium  carbonate,  30  Gm. 
of  sodium  bicarbonate,  or  40  Gm.  sodium  citrate  do  not  influence  the  total  nitrogen 
excretion.)  MacLeod  and  Haskins,  ipo6,  found  increased  elimination  of  endogenous 
uric  acid  and  purins.    Abl,  1913,  attnbutes  this  to  the  intestinal  derangement.| 

The  effect  upon  carbon  metabolism  is  equally  small  and  uncertain. 

Increase  of  alkalinity  is  said  to  heighten  the  baciericial  power  of  the  serum  and  tissaes; 
but  further  evidence  is  needed. 

Use  in  Rheumatism,  Gout,  Etc^The  alkalies,  especially  potassium 
bicarbonate,  acetate,  and  citrate,  have  considerable  reputation  in  acute 
and  chronic  rheumatism,  gout,  etc.  It  is  diflBcult  to  estimate  their  effi- 
ciency. There  is  no  good  foundation  for  the  assumption  that  they  increase 
the  oxidation  of  uric  acid  or  its  solubility  in  the  tissues.  Explanations 
of  their  actions  are  purely  speculative. 

Actions  on  Urine, — Alkalies  increase  the  flow  and  alkalinity  of  the 
urine.  These  effects  are  utilized  especially  in  catarrhs  of  the  unnaiy 
passages,  and  to  prevent  the  formation  of  urate  calculi.  To  secure  this 
alkalinity  requires  about  7  Gm.  of  sodium  bicarbonate  or  15  Gm*  ^ 
sodium  acetate  or  citrate,  per  day.  The  organic  salts  arc  preferred,  to 
avoid  disturbance  of  digestion. 

Sodium  bicarbonate  slows  the  excretion  of  intravenously  injected  lactose,  tad 
decreases  the  chlorid  output  (Hertz  and  Goldberg,  1914). 

Use  in  Vested  and  Urethral  Catarrh. — Alkaline  urine  is  less  irritant 
to  the  inflamed  mucous  membranes,  and  helps  to  dissolve  the  mucus  and 
pus.  The  dilution  of  the  urine,  and  the  flushing  of  the  urinary  passages 
by  the  diuresis  are  similarly  useful. 
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Use  Against  Urate  Caladi. — Alkalies  and  diuretics  can  not  dissolve 
these  calculi;  but  they  prevent  the  precipitation  of  uric  acid  and  acid 
urates,  which  can  occur  to  a  serious  extent  only  in  acid  urines.  The 
alkalies  (potassiam  or  sodium  citrate  or  acetate)  must  be  given  in  suffi- 
cient quantity  to  keep  the  urine  alkaline  to  litmus.  Care  must  be  taken 
that  this  does  not  lead  to  the  precipitation  of  phosphates,  since  these  might 
^^deposited  on  the  calculus. 

In  a  few  instances,  it  has  been  obser%'ed  that  alkalies  caused  the  breaking  up  of  large 
stone&  into  small  fragments.  This  can  not  be  attributed  to  solution  of  the  uric  acid. 
The  explanation  is  that  probably  the  calculi  were  composed  originally  of  small  frag- 
ments glued  together  by  mucus,  and  that  the  alkalies  caused  the  solution  of  the  latter. 

Th€  alkalies  can  exert  no  cjfect  o«  the  condition  oj  the  urie  acid  in  the 
tissues^  since  the  reaction  of  these  is  not  altered.  This  will  be  discussed 
further  in  the  next  section. 

Cystinuria. — Alkali  has  a  solvent  action  on  cysUn;  its  admimstration  in  sufficient 
quantity  to  keep  the  urine  alkaline  prevents  the  deposition  of  cj'Stin  crystals  (SmiUie, 

PREPARATIONS — flICARBONATES 

•Potassii  Bicarhonas  (Pot.  Bicarb.).  U.S.P.,  B.P.;  KH CO,. —Colorless  crystals; 
odorless;  saline  and  slighU^  alkaline  taste;  permanent  in  the  air.  Freely  sol.  in  water 
(1:3.8);  practically  insol.  in  ale.  Dost^  i  Gm.,  15  gr.,  U.S.P.;  0.3  to  a  Gm.,  5  to  30 
gr..  B.P. 

'Sodii  Bicarbonasj  U.S.P.,  B.P.  (BaktHg  Soda);  NallCO,.— White  powder;  odorless; 
cooling,  mildly  alkaline  taste.  It  is  permanent  in  dr>-  air,  but  slowly  decomposes  in 
moist  air.  Sol.  in  water  (1:12)  at  is^C,  practically  without  decomposition.  When 
heated,  it  loses  COi,  and  is  converted  into  normal  carbonate.  Practically  insol.  in 
ale.  IncompatibU  with  acids  and  acid  salts;  and  with  the  salts  of  most  alkaloids,  metals 
and  earths;  not  u-ith  magnesium  salts  in  moderately  dilute  solutions.  Dose,  i  Gm., 
15  gr.,  U.S.P.;  0.3  to  2  Gm.,  5  to  30  gr..  B.P. 

Trfickisci  Sodii  Biojrlnmntis,  U.S. P. — 0.18  Gm.,  3  gr.  *'Soda  ffljff/s"  generally  con- 
tain 5  gr.f  with  ^  minim  oil  of  peppermint. 
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URATE  SOLVENTS 

URIC  ACID  AND  ITS  SALTS 


Acid  urates  occur  in  solution  in  the  blood  and  tissues;  and  as  the  pecu- 
liar sodium  biurate  deposits  in  gouty  tophi,  etc.  In  the  urine,  acid  urates 
also  occur  in  solution.  When  the  urine  is  scanty  or  acid  they  may  be 
deposited  as  free  uric  acid  or  ''quadriurate;"  i,c,,  a  mixture  or  compound 
of  free  uric  acid  and  add  urate.  These  deposits  may  concrete  into  urinary 
calculi. 

Uric  Add,  C»H4N(Os,  is  a  weak  dibasic  add,  which,  under  proper  conditions,  can 
form  three  scries  of  salts,  namely: 

Neutral  Urates. — CsHiNfOrNaa;  also  named  dibasic,  normal  or  secondary  urates. 
These  are  formed  only  by  strong  alkalies,  and  can  not  occur  under  natural  conditions, 
^ODg  decomposed  by  COj  and  even  water.    They  need  not  be  considered  further. 
^KAdd  Urates. — CkH«N«Oa'Na;  also  named  monoba&ic  or  primary  urate  or  biurates. 
^Bcy  ^rc  neutral  to  litmus. 

Quadriurate. — CtHiN^OiNa  +  CtHiN*©!;  also  named  hemibasic  urate  or  tc- 
traurate.  It  is  a  mixture  or  solution  of  uric  acid  and  acid  urate.  The  quadriurate  forms 
tbe  scdimcntum  lateritium  in  cooling  ncid  urines.  On  standing,  it  separates  uric  add 
crystals.     Water  dissolves  out  the  aad  urate,  and  leaves  tlie  uric  acid. 

There  has  been  much  discussion  as  to  the  nature  of  the  combination.  Kohler,  iqu. 
considers  it  a  simple  mixture.  Ringer  and  Schmutzxr,  1912,  regard  it  as  a  "solid  solu- 
tion" of  uric  add  in  add  urate;  which  can  be  formed  at  body  temperature,  but  which 
U  unstable  on  cooling  and  thus  separates  the  uric  add. 
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O&er  Urate  Deposits  in  Urine. — These  may  consist  of  uric  add  in  acid  urines;  of 
acid  urates  in  acid  or  neutral  urines;  and  ammonium  unite  in  neutral  or  anunooiaol 
urine.     The  add  urate  is  generally  ainorpbous;  but  may  be  crystalline  in  neutral  uncc. 

Urate  Tophi. — These  conast  always  of  acid  urates  (Ritter,  1897);  so  do  the  untie 
deposits  in  animals,  even  when  free  uric  acid  is  injected  (Loghcm,  1907). 

Actions  of  Urates. — The  importance  of  these  lies  in  the  fact  that  Uicy  may  be  fotoied 
or  retained  in  excessive  amounts  in  pathologic  conditions,  when  they  first  produce  Uh 
fiammatory  necrosis  of  cells,  and  are  then  deposited  in  insoluble  granular  form.  Tlu*, 
becoming  crvslalline,  acts  as  a  powerful  mechanical  irritant,  producing  the  pheooiseai 
of  gout.  These  can  be  simulated  in  animals  by  the  injection  of  suspensions  of  add 
sodium  urate,  and  in  birds  by  the  subcutaneous  injection  of  chromates.  or  even  by  ligatioa 
of  the  ureters.  The  cause  of  the  abnormal  appearance  of  the  uratic  deposits  in  gout, 
etc.,  is  not  understood.  It  seems  to  be  connected  with  changes  in  protein  metabolism. 
perhaps  also  with  intestinal  putrefaction. 

Solubility  and  Precipitation. — Free  uric  acid  is  very  little  soluble.  The 
acid  urates  also  have  a  limited  solubility.  The  solution  may  be  faA^orcdor- 
hindered  by  a  variety  of  conditions,  some  little  understood.  It  would 
be  desirable  to  increase  their  solubility,  f.i.,  to  prevent  urate  deposits  in 
the  tissues  and  urine;  if  possible,  to  dissolve  these  deposits  when  formed; 
and  perhaps  to  favor  the  elimination  of  the  urates  in  gout,  etc.  Many 
attempts  in  ihese  directions  have  failed,  because  they  were  based  on  im- 
perfect understanding  of  the  chemical  data.  Alkalies  dissolve  a  limited 
amount  of  free  uric  acid,  by  converting  it  into  the  more  soluble  add 
urates.  This  is  the  only  direction  in  which  some  success  bas  been  found, 
and  this  is  confined  to  the  urine. 

The  study  of  the  solubilities  is  greatly  complicated  by  the  small  quantities  poingtoto 
solution,  the  poI>'valence,  formation  of  colloidal  solutions,  sup>ersaturalion.  the  Influean 
of  small  quantities  of  impurities,  decompositions,  etc.  (His  and  Paul.  iQooi. 

Uric  Acid. —  Pure  water  dissolves  at  iH^Conly  25  mg.  of  uric  add  per  liter  ^tUO-W 
(His  and  Paul).  At  40''  the  solubility  is  probably  doubled.  Alkalies^  even  the  tear- 
Innate  or  phosphate,  transform  part  uf  the  uric  add  into  acid  urate,  and  therefore  ■&- 
crease  its  solubility.  Frcr  acids  diminish  the  solubility,  since  they  decrease  tbeioiua- 
tion;  undissociated  uric  acid  being  less  soluble  fHis  and  Paul).  Addition  of/wv^f 
acid  to  urine  may  precipitate  a  part  of  the  uric  add  oriRinally  in  solution  (Voit).  pre- 
sumably by  acting  as  a  crystallizing  nucleus.  The  solulailily  in  serum  is  much  p««t«f 
(500  mg.  per  liter)  than  in  \vatcr  (Bechhold  and  Zicgler,  1909).  This  is  probaUy  due 
to  the  colloids;  and  it  is  probable  that  the  colloid  constituents  of  the  urine  also  rtalnV 
ute  to  the  solubility  of  the  uric  acid  and  urates  (Lichtwitz,  1910).  Ruedel.  l*QJi 
claimed  that  urea  has  an  important  solvent  action;  but  Ritter,  iSqj,  finds  thii  y^ 
limited. 

Add  Urates.— The  solubility  of  the  different  urates  in  water  is  about  as  follow* 
(Alhinand  Bensch,  1848,  etc.):  Li,  i:;Ji5o;  K.  1:800;  Na,  i:  i.joo;  N*H|,  i:  1,600; eartH 
1:4,000  to  6,000.     Excess  of  the  alkali  or  other  salts  decrea-ses  the  solubility,  by  "salt- 
ing out,"  in  proportion  to  their  concentration  (Roberts;  Ritter).    The  salts  of  the  plasnii, 
J.i.j  reduce  the  solubility  to  one-tenth  of  tliat  in  water  (His  and  Paul). 

Solid  sodium  acid  urate  occurs  in  two  forms:  when  freshly  precipitated,  it  i»gd»|- 
inous,  colloidal  or  amorf)hous;  later,  this  becomes  crystalline.  The  colloidal  fonn  i* 
more  easily  soluble  (licnsch).  Gudzent,  iqoS  and  igog,  claims  two  forms,  thcordiw? 
more  soluble  lactam,  which  is  gradually  converted  into  the  less  (two-thirds)  sohiWc 
tactim. 

HN-C=0  N«C-OH 

II  II 

0=C    C-NH  OH-C    C-NH 

I      II        >C=0  11     II        >C-OH 

HN-C-NH  N-C-NH 

Lact4un  form.  lActim  form 

There  is  some  reason  to  believe  that  uric  acid  e^dsts  In  the  blood  in  two  form  (S.  R- . 
Benedict.  1016)- 

Influence  of  Phosphates  on  Add  Urines. — The  acid  NalltPO^  liberates  and  p«ci|X' 
tates  uric  acid;  this  is  counteracted  by  the  presence  of  the  alkaline  NasHPO<;  bulcwe» 
of  the  latter  precipitates  the  acid  urate  by  "salting  out"  (Ritter). 
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Alkalies  on  Urate  Deposits  in  Tissues. — The  solvent  action  of  the  alka- 
lies extends  only  to  free  uric  acid.  When  all  the  uric  acid  exists  as  acid 
urate,  as  it  does  within  the  body,  the  addition  of  alkali  can  have  no 
further  solvent  action.  On  the  contrar>',  excess  of  alkali  or  other  salts 
tends  rather  to  decrease  the  solubility  of  the  urates.  It  is  evident  there- 
fore that  no  direct  solvent  action  can  occur  on  the  urate  tophi  (Ritler). 
This  inefficiency  has  been  confirmed  by  clinical  experience.  If  alkalies 
have  any  effect,  which  is  doubtful,  it  would  be  due  solely  to  their  diuretic 
action. 

Koghcm,  1907,  even  claimed  that  hydrochloric  acid  is  more  useful  for  preventing  the 
formation  of  urate  deposits  in  animab,  presumably  by  lessening  the  salting  out." 
Kitter  had  a  similar  idea.     This  has  not  been  confirmed  (Staal,  1908). 

Uric  Add  Retention  in  Disease. — The  older  notions  were  based  on  faulty  analytic 
methods.  According  to  the  more  reliable  determinations  of  Folin  and  Denis,  1913 
and  1Q15,  and  Pratt,  191.?  and  1915,  normal  human  blood  contains  i  to  2.5  mg.  of 
uric  arid  per  100  c.c.  The  proportion  is  notablv  increased  (2.5  10  4.7  me.)  in  gout 
(average  3.7  mg.);  in  lead  [xiisomng,  leukemia,  and  &ome  cases  of  arthritis  and  nephritis. 

Injected  uric  acid  remains  in  the  blood  of  gouty  patients  longer  than  with  the  non- 
gouty  CMcCIure  and  Pratt,  iQry). 

Relation  of  Uric  Acid  to  Gout. — The  occurrence  of  urate  tophi  is  a  striking  proof  of 
disturbed  uric  acid  conditions  in  this  disease,  but  need  have  no  causaJ  connection.  .-Vs 
has  been  said,  the  uric  acid  of  the  blood  is  very  generally  increased,  but  this  may  be 
even  higher  in  other  diseases  and  non-gouty  arthritis.  In  gout,  however,  this  is  not 
accompanied  by  retention  of  non-protein  nitrogen  (Folin  and  Denis,  1915).  It  was  for- 
merly oelieved  that  definite  changes  in  the  uric  acid  content  of  the  blood  occurred  during 
the  acute  gouty  attacks.  The  modern  results  indicate  that  this  is  not  correct;  but 
that  the  urate  concentration  is  the  same  during  as  between  attacks;  and  that  the  at- 
tacks occur  also  when  the  urate  concentration  has  been  lowered  by  cJnchophen 
(Daniels  and  McCrudden,  1915). 

The  urate  deposits  are  not  due  to  simple  over-aaturation;  for  the  solvent  power  of 
serum  for  uric  acid  is  much  higher  than  the  concentration  in  gout. 

Increased  Elimination  by  Drugs. — This  has  btren  discussed  under  Cinchophen.  The 
elimination  is  also  increased  by  diuresis,  but  vsithout  any  constant  ratio  (J.  H.  Robert- 
son, 1914). 

Alkalies  on  Urates  ia  Urine. — The  conditions  for  the  solvent  efficiency 
of  alkalies  are  much  better  in  the  case  of  acid  urine.    This  contains  not 
only  acid   urates,  but  also  free   uric  acid,  often  in  saturated  solution. 
When  the  urine  cools,  becomes  more  acid,  or  under  other  conditions,  the 
solution  may  become  supersaturated.    The  uric  acid  will  then  predjntate 
alone,  or  in  combination  with  part  of  the  acid  urate  (quadriurate).    This 
can  be  prevented  either  by  making  the  urine  more  dilute  (diuresis),  or 
by  making  it  less  acid.     Alkalies  act  in  both  directions  (Buchheini,  1853). 
The  greatest  solvent  action  can  be  obtained  by  administering  adequate 
doses  of  sodium  citrate  or  bicarbonate,  together  with  plenty  of  water 
(Haskins,  1916).    Too  high  a  concentration  of  alkalies,  as  of  other  salts, 
would  render  the  acid  urate  less  soluble;  but  in  practice,  the  administration 
of  alkalies  does  not  raise  the  total  concentrationof  the  urine,  especially  if 
water  is  taken  freely.     Alkaline  urines  would  also  dissolve  actually  pre- 
cipitated uric  acid;  for  the  urine,  after  the  administration  of  alkalies,  is 
able  to  dissoK'c  more  uric  acid  than  before  (Haskins,  1016).    With   the 
practical  limits  of  the  alkalinity  of  the  urine,  however,  this  solution  is  so 
slight  that  it  has  little  eflFect  on  formed  calculi.    The  injection  of  alka- 
line solutions  into  the  bladder  has  not  been  more  successful  (Buchheim). 

Solvent  Power  of  Urine  for  Uric  Add. — Haskins,  1916,  finds  that  this  varies  with  its 
•taction  and  concentration.  Urines  of  acidity  «H  «  6.1  and  over  can  not  dissolve  any 
added  uric  acid;  those  that  arc  less  add  or  alkahnc  take  up  more  and  more,  according  to 
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their  alkalinity.    Concentrated  urines  dissolve  more  (though  not  in  strict  proportion) 
than  do  dilute  urines  of  the  same  reaction. 

Destruction  of  Uric  Add. — Basham,  1870,  claimed  that  alkalies  increase  the  destruc- 
tion of  uric  acid;  but  further  experience  showed  this  to  be  uncertain  and  mdly  negati\'e 
(Severin,  1868;  lithium,  Bosse  and  Buchheun,  1862).  The  destruction  by  more  con- 
centrated alkalies  has  been  studied  by  Stevens  and  May,  19x1. 

Difference  in  Bases. — The  acid  urates  of  different  bases  differ  some- 
what in  solubility.  The  solubility  of  sodium  uiute,/.f.,  is  about  one-fourth 
that  of  potassium  urate,  one-seventh  that  of  lithium  urate,  etc.  It  might 
seem  therefore  that  the  solubility  cotdd  be  improved  by  the  administration 
of  K  or  Li  salts.  This  is  true  of  pure  solutions  (or  when  sodium  urate  or 
urate  stones  or  tophi  are  treated  with  lithium  carbonate) ;  but  it  can  not 
occur  in  the  presence  of  an  excess  of  Na;  for  according  to  ordinary  chem- 
ical laws,  when  several  bases  compete  for  an  acid,  it  is  the  least  soluble 
salt  which  is  always  formed  (e.g.,  BaSO*  in  a  mixture  of  HsSOi,  NaOH 
and  Ba(OH)2).  Since  there  is  always  an  excess  of  Na  ions  in  the  blood 
and  urine,  the  Li  and  K  would  have  no  chance  to  exert  their  solvent  action. 
The  very  slight  superiority  of  lithium  could  exist  only  with  very  lai:gc 
doses,  and  these  are  unsafe  (Haskins,  1916). 

Organic  Bases.' — The  same  reasoning  applies  to  these  (ethylenamins, 
piperazin  and  piperidin).  These  also  would  be  unable  to  compete  against 
the  Na.  Moreover,  they  are  excreted  imperfectly,  so  that  their  alkaline 
efficiency  in  the  urine  is  probably  inferior  to  that  of  the  ordinary  alkalies. 
However,  in  some  unexplained  manner,  large  doses  of  piperazin  (2  Gm.) 
do  confer  a  somewhat  greater  solvent  action  than  exists  in  normal  urines 
of  the  same  reaction.  The  difference  is  not  sufficiently  great  to  be  signifi- 
cant (Haskins,  1916). 

/CHj  —  CHr«. 
Piperazin. — This  is  diethylen-diamin,  HN<  >NH.     It  produces  no 

^CH,  -  CH,/ 

symptoms  and  is  practically  non-toxic.  The  solvent  power  for  uric  acid,  in  pure  st^u- 
tion,  is  said  to  be  higher  than  that  of  LisCOj  (Mayert  and  Schmidt,  1890;  Plugge,  1895; 
Stevens  and  May,  191 1),  but  still  insufficient  to  make  much  impression  on&uratestooe 
(Penzoldt) .  In  the  presence  of  Na  salts,  and  therefore  in  the  blood  and  urine,  it  is  not 
superior  to  other  alkalies  (Mendelsohn,  1892;  Meisels,  x893);and  since  a  part  isoxidixed, 
and  therefore  only  a  fraction  appears  in  the  urine,  its  effect  on  the  alk^inity,  and  there- 
fore on  the  solvent  power,  is  less  than  that  of  NaHCOi.  The  clinical  results  have  been 
inconstant  and  indefinite. 

These  limitations  apply  also  to  the  derivatives  of  piperidin  (dimethyl-piperaan  ■ 
Lycetol,  Wittzack,  1894;  ethylen-ethenyldiarain  =  Lystdin^  Ladenburg,  1894).  Ec- 
zema has  been  reported  from  lysidin  (Ortner).  Piperidin,  CHtCCHO^NH,  was  intro- 
duced by  Tunnichffe  and  Rosenheim. 

Organic  Bases  on  Elinunation  and  Destruction  of  Uric  Add. — The  attempt  to 
attribute  the  supposed  clinical  effects  to  these  mechanisms  is  also  without  founotioD 
(Waucomont,  igii),  although  piperidin  does  somewhat  increase  the  eUminatioD  of 
uric  acid,  probably  by  increasing  its  formation  through  intestinal  irritation  (Abl,  1913)- 

Hezamethylenamin  on  Uric  Add. — This  and  the  related  compounds  (Citarin,  etc.) 
have  a  solvent  and  destructive  action  on  uric  acid,  even  in  add  urines  (Stevens  and  May) 
191 1 ;  Haskins,  1915).  This  is  due  to  their  formaldehyd.^  They  were  therefore  ad- 
vocated as  urate  solvents  (Bardct  and  Laquers).  The  action,  however,  is  impncept- 
ible  with  the  ordinar>^  doses  (Nicolaier;  Haskins,  1915;  review,  HanzUk,  19x6).  Dosts 
of  4  Gm.  make  the  urine  distinctly  more  solvent ;  but  an  equal  effect  can  be  secured  by 
rendering  the  urine  alkaline  to  pH  7.1  to  7.4,  through  the  administration  of  bicaibonatt, 
etc.  (Haskins). 

1  The  literature  on  organic  urate  solvents  is  reviewed  by  Hanxlik. 


ACETATES — CITRATES  85! 

ORGANIC  ACIDS  AND  THEIR  SALTS 

Local  Action  of  Organic  Acids. — Free  citric  ant!  tartaric  acid  are 
relatively  mild  acids,  used  mainly  for  flavoring  and  for  producing  effer- 
vescence with  carbonates.  Acetic  acid  is  somewhat  more  active.  Lactic 
acid  is  employed  as  a  mild  caustic  for  the  solution  of  false  membranes, 
and  in  lar>*ngeal  tuberculosis.  Formic  acid  is  used  as  a  counterirritant. 
The  fatly  acids  are  discussed  under  the  Oils, 

Fate  and  Systemic  Actions. — The  organic  acids  are  mostly  oxidized 
in  the  tissues  to  COj  and  H2O.  Their  salts  therefore  are  converted  into 
the  bicarbonates,  potassium  acetate  into  KHCOaCKCjHaOj  +  40  = 
KHCOj+ CO2  +  HaO);  sodium  citrate,  into  NaHCOa,  etc.  and  thus 
exert  an  alkaline  action  after  absorption;  although  before  combustion 
they  may  be  neutral  or  acid.  Their  systemic  action  is  thus  identical 
with  the  administration  of  alkalies,  but  the  local  action  is  absent.  This 
is  sometimes  of  material  advantage,  as  in  rendering  the  urine  alkaline 
with  potassium  acetate  or  citrate.  They  are  also  diuretic,  and  are  often 
used  in  catarrhal  cystits. 

Before  the  oxidation  is  completed,  they  may  exert  ion  actions.  These  are  small 
for  acetates  and  formates.  Oxalates,  citrates  and  tartrates  inactivate  calcium.  The 
tartrates  arc  but  poorly  absorbed,  and  beace  act  as  saline  cathartics.  Citrates  share 
this  to  a  less  degree. 


ACETATES 

Potassium  and  sodium  acetates  are  used  mainly  as  alkaline  diuretics. 

PREPARATIONS — ACETATES 

Acidum  Auiicum  GUiciaU  (Add.  Acet.  Glac),  U.S.P.,  B.P.;  Giacia!  Acetic  Add— 
99  per  cent,  of  Cj  H^Oj.     Congeals  about  i4.5°C. 

*Acid,  Acet.,  U.S. P.,  B.P.--36  per  cent.,  U.S. P.;  33  per  cent.,  B.P. 

*Acid.  Acet.  Dil. — 6  per  cent.,  U.S.P.;  5  per  cent.,  B.P.  Clear,  colorless  liquid, 
characteristic  vinegar-Ukc  odor,  acid  taste.  Miscible  with  water  or  alcohol.  Dostt 
2  c.c,  30  minims.  U.S. P.;  a  to  4  c.c,  ^j  to  i  dram,  B.P, 

Ac-^um,  Vinegar. — Corresponds  in  strength  to  the  preceding. 

{*Luj.  Amnion.  Arei. — Sec  Index.) 

•Potassii  Acetas  (Pot.  Acet.),  U.S.P.,  B.P.,  KC)H>0».— White  powder  or  crystalline 
masses;  odorless;  saline  ta^te.  Deliquesces,  and  hence  should  not  be  dispensed  in 
powders.  Ver>-  sol.  in  water  (1:0.5);  freelv  sol.  in  ale.  (1:2.9).  I^osc^  i  Gm.,  15  gr., 
U.S.P.;  I  to  4  Gm.,  15  to  60  gr.,  B.P.;  diluted. 

Sod.  Acet.,  U.S. P.,  NadHiOj  +  3HjO. — Colorless  czystals  or  granular  powder; 
odorless;  saline  taste.  Efl3orescent.  Very  sol.  in  water  (1:0.8);  sol.  in  ale  (1:19). 
Dose,  I  Gm.,  15  gr,,  U.S.P. 


CITRATES 


General  Statement — These  are  used  especially  as  alkaline  diuretics. 
Sodium  citrate  can  be  administered,/.*.,  in  diabetic  coma,  in  large  doses, 
30  to  50  Gm.  per  day,  without  digestive  disturbance  or  diarrhea  (Licht- 
wilz,  1911).  Citric  acid  (about  i  per  ceat.)  is  used  as  a  refrigerant  drink 
in  fevers,  etc.  It  is  also  used  as  prophylactic  against  scurvy;  often  as 
lemon  juice,  which  contains  about  8  per  cent.    A  large  lemon  contains 

L_      abotit  4  Gm.,  ordinary  lemonade  about  0.5  per  cent.    The  syrup  is  a 

^^usefu]  flavor. 
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Fate. — If  nodium  citrate  u  fed  to  cats  and  dogs,  the  blood  and  urine  contain  ontjr 
traces. 

When  injected  into  a  vein,  the  citrate  disappears  rapidly  from  the  drcalatioa. 

None  escapes    into  the  urine  with  intravenous  injection,  up  to  0.5  gm.  per  Kf.i 

After  hjTiodcrmic  injection  in  rabbits,  about  12  per  cent,  is  excreted  In  the  urioc;] 
with  cats,  30  per  cent,  with  dogs.  40  per  cent.  (Salant  and  Wise.  1916). 

Normal  Occurrence  in  Urine. — Normal  human  urine  contains  about  0.5  gm.  per  dif J 
(Ambcrg  and  McCIure,  1917). 

Action  on  Calcium. — The  citrates  form  double  salts  with  calcium,  which  do 
liberate  Ca  ions.     Their  intravenous  injection  (not  oral  administration)  produces 
typical  effects  of  Ca  deprivation  (Sabbatani,  igoi;  Vietinghofl-Scheel,  1902;  Martial 
Z904;  see  Calcium).     The  injection  of  minute  quantities  into  the  brain  produces  tbr^ 
convulsant  cS^ccts.     Repeated  h>'podermic  injections  of  increasing  doses,  create  cqb- 
sidcrable  tolerance  (Robertson  ai^  Burnett,  1913). 

Coagulability  of  the  Blood. — Citrates,  like  other  Ca  iiiactivaton,| 
render  the  blood  non-coagulable  in  mlro.  When  moderate  doses  (10  toj 
50  c.c.  of  10  per  cent.,  for  man)  are  injected  intravenously,  however,  the] 
coagulation  time  of  the  circulating  blood  is  definitely  shortened  (Weil, 
1915);  returning  to  normal  within  24  hours  (Lewisohn,  1917).  The 
mechanism  has  not  been  explained.  With  oral  administration  of  x  to  2 
Gm.,  Coleman,  1909,  describes  a  doubtful  delay  in  coagulation. 

Use  in  Transiusion. — Weil,  1915,  introduced  the  use  of  "dtiatcd 
blood,"  the  blood  of  the  donor  being  kept  uncoagulated  by  the  addition 
of  sodium  citrate.  This  may  be  injected  at  once,  or  preserved  for  a  time 
Wassermann,  agglutination,  hemolysis,  etc.,  tests  must  be  made  as  usual. 

The  technicand  advantage?  of  citrate  perfuaionare  discussed  by  SydenptrickeretiL. 
191 7;  Lewisohn,  1917;  Bernstein.  iQi7;t*tc. 

Dosagf. — lewisohn,  1915,  1916,  advised  0.25  per  cent,  of  sodium  citrate,  aad  thii 
the  total  dosage  should  not  exceed  5  gm.  Within  this  limit,  the  citrate  produces  do 
systemic  disturbance. 

The  addition  of  0.3  per  cent,  of  citrate  to  shed  blood  prevents  coagulation  com- 
pletely, even  for  48  hours;  whilst  o.  t  per  cent,  does  not  hinder  it  at  all.  i  per  cent,  o* 
citrate  (i  c.c.  of  10  per  cent,  citrate  per  10  c.c.  of  blood)  keeps  the  blood  non-coagulaUr 
for  two  weeks;  but  this  injured  the  corpuscles  and  with  large  transfusions  in  childRs, 
the  total  dose  may  approach  rather  close  to  the  dangerous  limit. 

Acui€  loxicily. — In  animals,  tlie  intravenous  toxicity  varies  with  the  rale  of  iajw- 
tion.     The  oral  to:^icJty  is  low  (Salant  and  Wise,  1926). 

** Reactions''  Following  the  Transfusion  on  Citrated  Blood. — Somewhat 
over  half  of  the  citrated-blood  transfusions  are  followed  by  a  fairly  scvc^ 
chill  and  fever  of  about  2.5°F.,  in  half  an  hour,  returning  to  normal  ii 
4  to  8  hours.  This  reaction  has  Iltte  practical  importance,  and  is  appar- 
ently due  to  alterations  produced  in  the  corpuscles  (Drinker  and  Britung* 
ham,  1918}. 

In  this  series,  300  to  900  c.c.  of  the  blood  was  drawn  into  35  per  cent,  sodium  ritntt, 
corresponding  to  2.8  gm.  of  the  citrates,  as  0.3  to  0.45  per  cent. 

The  febrile  reactions  have  no  relation  to  llie  purity  of  the  citrate.  They  arc  not 
produced  by  the  plnsma,  so  that  the  corpuscles  must  he  the  toxic  element.  Tliey  irc 
seen  with  the  injection  of  washed  dtrated  corpuscles,  thus  excluding  imnmiKWC 
''incompatibilities." 

Apparently  the  citnition  causes  a  change  in  the  corpuscles,  and  perhaps  in  thc^ilr 
lets,  wnich  render?  them  more  toxic.  Presumably  this  ts  due  to  a  change  id  pcnncaWr 
by  the  calcium  deprivation. 

Prr^crvaiion  of  Ary//frrtr\7^j.— Centrifugal  ion  of  blood  injures  the  corpuscles  iw- 
chanically,  resulting  in  immediate  or  delayed  hemolysis.  This  is  especiaUy  marked  •>ti 
dogs,  less  with  rabbits  or  sheep.  Human  corpuscles  are  quite  resistant.  Prolcctioa 
is  aJflTorded  by  vwcid  sfilutions,  such  as  plasma,  or  better  gelatin  (.^^  per  cent).  HuniiP 
corpuscles  do  not  require  this  protection.  The  resistance  to  mechanical  injury  i>  fw^ 
related  to  the  osmotic  resistance.     Drawn  blood  gradually  hemolyses,  evtn  00  ict. 
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Gelatin  does  not  protect  against  this.  Preservation  is  best  secured  by  sugars  (2  per 
cent,  of  dextrose  or  5  jwr  cent,  of  dextrose).  This  preserves  blood  suitable  for  injection 
for  over  two  months  (Rous  and  Turner,  1915). 

Sodium  CitraU-  in  Uemophiiia. — Intravenous  injection,  produces  an  immediate  and 
marked  shortening  of  the  coagulation-time.  This  is  followed  in  one  to  two  da>*s  by 
return  to  the  original,  or  even  by  a  slower  coagulation.  Intzumuscular  injection  has 
no  effect  {Ottcnbcrg,  igi6). 

Other  Anticoagulants. — In  laboratory  experiments,  the  coagulability  of  blood  can 
Quily  be  diminished  or  abolished.  Leech  extract  has  this  effect,  whether  it  is  injected, 
or  added  to  shed  blood;  albumoses,  only  when  injected;  citrates,  oxalates,  iluorids,  con- 
centrated sy^lutions  of  other  salts,  formaldehyd,  hydrocyanic  acid,  etc.,  only  on  shed 
blood  (by  removing  the  calcium  or  inhibiting  the  fibrin  ferments).  None  of  these  drugs 
can  be  used  eflectively  on  patients,  except  by  local  appUcation. 

Clinical  Danger  of  Inirawnous  Hirudin. — Enychmann  claimed  to  have  used  0.3  gm. 
intravenously  with  14  patients,  without  touc  symptoms.  Lewisohn,  >0>5i  however, 
obtained  alarming  symptoms  after  o.i  gm.  of  Ilirudin-Sachsse. 

Coagulation  of  Milk.— The  inactivation  of  calcium  by  citrates  also  prevents  the  clot- 
ting of  milk.  Their  addition  to  cows'  milk,  produces  a  looser  curcf  in  the  stomach. 
This  is  utilized  in  infants  (i  to  3  gr.  of  citrate  per  ounce  of  milk),  when  ordinary  milk  is 
not  well  borne  (curds  in  vomits  and  stools).  It  should  be  reduced  or  omittecf  as  soon 
as  the  need  is  passed  (Cotton,  iqo6,  R.  Curtis,  1916). 

Excised  Intestines. — Strong  solutions  depress  all  portions  of  the  intestines;  weaker 
concentrations  stimulate  the  small  and  depress  the  large  (Salant  el  al.,  1917). 

Rabbits'  large  intestine  are  depressed  oy  all  concentrations.  With  cats,  the  small 
and  large  intestines  arc  both  depressed  (Salant  and  Schwartze,  1917). 

Fruit  Acids. — The  acidity  of  fruits  is  due  mainly  to  citric  acids;  other  ncids  ocurring 
only  in  small  quantities.  Tartrates  are  important  only  in  grapes  (Bigclow  and  Dunbar, 
IQ17). 

Infantile  Scurvy. — The  antiscorbutic  cflects  of  orange  and  lemon  juice  arc  not  due  to 
the  citric  acid;  for  citnc  acid  itself  is  ineffective  (Chick  and  Hume.  1Q17;  Hess,  1918); 
whereas  scur\'y  is  cured  by  decoctions  of  orange  pec!  (Hess,  191S),  which  arc  practically 
devoid  of  citric  acid,  or  by  orange  juice  from  which  the  citric  acid  has  been  removed 
(Harden  and  Zilva,  191S). 

Adult  Scurvy. — This  is  probably  analogous  to  the  infantile  form,  and  at  least  is 
relieved  by  the  same  dietary  measures.  The  antiscorbuUc  factors  exist  only  in  fresh 
foods,  and  arc  destroyed  by  canning,  pickling  or  drying,  and  greatly  weakened  even  by 
cooking  (Stefanssont  1918). 


PREPARATIONS— CITRATES 


*Ac$dum  CUrirum,  0.S.P..  B.P.;  Citric  Acid,  C«H*(OH)(COOH)3  +  H^.— A  tri- 
basic  organic  acid  obtained  from  the  juice  of  limes  or  lemons.  Colorless,  translucent 
prisms  or  a  white  powder;  odorless;  having  an  acid  taste;  efflorescent  in  warm  air. 
Very  soL  in  water  (1:0.5);  freely  sol.  in  ale.  (1:1.8).  Dose,  0.5  Gm.,  S  gr.,  U.S.P.; 
0.3  to  1.2  Cm.,  5  to  20  gr.,  B.P. 

(*Syr.  Acid.  C*/.~See  ludex.) 

Lig.  Ammon.  Cit.,  iS.V. — Dose,  8  to  24  c.c,  2  to  6  drams,  B.P. 

•Polassii  Citras  (Pot.  Cit.),  U.S. P.,  B.P.,  KiCtHjO:  +  HiO.— Transparent  prisms 
or  white  granulox  powder;  odorless;  cooling  saline  taste.  Very  sol.  in  water  (1:0.6); 
very  slightly  sol.  in  ale.    Dose,  i  Gm.,  15  gr.,  U.S.P.;  1  to  4  Gm.,  15  to  oo  gr.,  HP. 

Liq.  Pat.  Cit.,  U.S. P. — 8  per  cent,  of  the  anhydrous  citrate.  Must  be  recently  pre- 
pared.    Dose,  1$  c.c,  4  drams,  U.S. P. 

Sod  Cit.,  U.S. P..  2NajCJI»07  -|-  tiHiO. — White  granular  powder;  odorless;  cool- 
ing saline  taste.     Efflorescent.     Freely  sol.  in  water  (x:  i.i);  insol.  in  al. 
Dose,  1  Gm.,  15  gr.,  U.S. P. 

Sod.  Citro-Tart.  Ejff.,  B.P.—Dose,  4  to  8  Gm.,  1  to  a  drams,  B  P. 
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MALAXES 


Pais. — These  are  mostly  destroyed,  even  on  hypodermic  administration,  but  from 
3  to  40  per  cent,  escapes  into  the  urine.  They  produce  much  less  damage  than  tartrates 
or  dtratcs  (Wise,  19x6}. 
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SUCCmATES 

Leucoc^s. — Hypodermic  injection  of  o.i  c.c.  of  t  per  cent,  sodium  succinate  in 
is  said  to  increase  tJie  leucocyte  count  of  the  blood  by  20  to  70  per  cent     (Hunmett, 
Kessler  and  Bruvvning.  1Q17). 

Ueart. — Direct  application  of  concentrated  solutions  depresses  the  heart,  simiUr  to 
tartrates  (Salanl  and  Livingston,  1917). 


LACTATES 


These  &re  bat  slowly  absorbed  and  therefore  act  as  saline  cathartics.  They  ut 
completely  burned  in  the  organism,  and  have  no  other  action  (Faust,  1910).  It  has 
been  claimed  that  they  somewhat  limit  nitrogen  metabolism,  after  the  manner  of  lob. 
For  Lactic  Acid,  see  Index. 

FORMATES 

Local  Action. — Free  formic  acid  occurs  in  several  animiils  (ants,  etc.,  Faust,  iqio) 
and  plants  (ncttlcsl,  and  is  partly  responsible  for  their  irritant  effects.  (Bcrchirl, 
1915,  concludes  that  the  effects  of  nettles  are  not  due  to  formic  acid) 

Formic  acid  resembles  acetic  acid,  but  is  more  volatile,  more  irritant,  more  antisef*- 
tic  and  more  resistant  to  oxidation.  It  has  a  popular  reputation  as  a  counierirritont, 
but  is  probably  not  superior  to  other  irrilants.  It  is  usually  employed  in  the  form  of  the 
Spiritiis  formkanim,  etc.,  corresponding  to  i  per  cent,  of  the  absolute  acid  in  two-third* 
alcohol  (this  was  formerly  obtained  by  macerating  ants).  Its  antiseptic  action  has  beta 
utilized  for  the  preser\'ation  of  food;  o.x  to  0.15  per  cent,  of  free  absolute  acid  soffices 
(Lebbin,  i(>o6).    The  formates  are  not  antiseptic. 

Systemic  Actions. — Formates  act  essentially  like  equal  doses  of  acetates. 

Formic  Acid  on  Oral  Administration.— "Ewfin  formic  acid  behaves  quantitatively  like 
acetic  acid.  Water  containing  o.ooi  too. 35  i>er  cent,  of  cither  formic  or  acetic  acid,»(i- 
ministercd  to  rats  for  many  weeks,  in  daily  dosage  up  to  0.2  ex.  of  acid  per  Kg  of 
body  weight  (equivalent,  in  man,  to  6  liters  of  0.2  per  cent,  add  per  day)  produced 
no  effects  whatever;  not  even  diuresis.  Twice  this  dosage  interfered  matcriaUywi 
progrcs-tively  with  growth  nnd  appetite;  t>olh  acids  again  behaving  alike  (SoUmaniit 
iQ3i).    Lebbin  also  found  formic  acid  practically  harmle^. 

Formates  by  Mottih. — The  toxicity  is  low,  so  that  6  to  10  Gm.of  sodium  formate  m»f 
be  taken  daily  for  some  time  (Fleig). 

Eppinger,  1913,  administered  sodium  formate.  3  to  4  Gm.  daily,  to  three  patiefit&. 
Two  felt  no  discomfort;  the  other  develoj>ed  albuminuria  and  hematuria,  pervi&tinf  (off 
five  days;  but  this  must  have  been  a  coincidence. 

Aclum  afler  Absorption. — The  formates  again  act  practically  as  indiffeimt  alU 
The  general  circulation  is  not  affected  by  quite  large  doses.  Enormous  do9es  drp«« 
the  heart  (Ljvicrato,  i^k>6).  They  are  said  to  produce  methcmoglobinuria  (Croner  and 
Seligmann,  IQ07).  Diuresis  may  result  (Fleig);  doubtless  due  to  simple  salt  act^in- 
Stimulunt  effects  of  various  kinds  have  been  claimed,  but  showD  to  be  absent  <Fi( 
1907,  lileralurej. 

Therapeutic  Uses. — At  one  time,  formates  were  exploited  rather  fantasiica 
sort  of  elixir  of  youth,  destined  to  confer  on  man  the  vigor  and  indefatigahilityof  i 
and   to  cure  various  ailments,  mainly  of  the  neurasthenic  iyjtc  (Garrignc;  C 
Huchard,  1902;  H.  Stern,  1906).     Heig  exposed  the  uncritical  nature  of  the  evidcMf 
and  showed  the  results  were  due  solely  to  suggestion. 

Fate. — Formates  are  oxidized  less  readily  than  other  organic  salts,  so  that  a  grfa»f 
proportion  (up  to  two-thirds)  appears  unchanged  in  the  urine.  With  smaller  do^rs 
the  destruction  may  be  more  complete  (Pohl).  The  oxidation  occurs  mainly  in  Ifet 
liver  (Fleig,  1907). 

Normal  Occuirence. — A  small  quantity  of  formates  occurs  normally  in  i*»«n.rraliia 
tissues.     In  man,  the  formal  daily  urinary  excretion  is  13  to  wo  mg.     Tl 
that  con.siderable  quantities  are  formed  in  intermediate  metabolism,  pro!  >    , 
classes  of  foods.     It  is  also  formed  from  formaldebyd  and  methyl  alcobol,  not  Utt* 
ethyl  alcohol  (Dakin,  Janney  and  Wakcman,  1913). 

PREPARATION 
Aridum  Formimm, — The  acid  official  in  foreign  countries  contains  25  per 
HCO3H.    The  dose  is  stated  as   1  to  jo  drops. 
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1^  METALS  AND  THEIR  SALTS 

General  Statement. — The  different  metallic  salts  have  many  features 
in  common.  They  combine  with  proteins,  and  therefore  act  locally  as 
astringents,  irritants,  corrosives  and  antiseptics.  After  absorption,  their 
effects  arc  chiefly  circulator)-,  especially  on  the  blood  vessels,  but  also  on 
the  heart.  Changes  in  the  capillaries  arc  characteristic,  and  lead  to 
phenomena  analogous  to  those  of  inflammation.  Their  excretion  by  the 
kidneys  results  in  nephritis.  Being  slowly  excreted,  they  readily  produce 
chronic  poisoning,  resulting  in  nervous  and  metabolic  disturbances. 

The  toxicity  of  the  different  metals  depends  largely  on  their  absorb- 
ability, which  varies  greatly.  Iron  salts,  /.i.,  are  ordinarily  non-toxic 
because  only  traces  are  absorbed. 

Metallic  poisons  arc  generally  more  toxic  to  herbivora  than  to  camivora — probably 
because  they  remain  longer  in  the  alimentary  canal  of  herbivorous  animals,  aUowing 
greater  absorption. 

Relative  Absorbability  of  the  Metals. — Arsenic,  mercury,  and  uranium 
are  the  only  metals  the  absorption  of  which  is  of  an  extent  sufRcicnt  to 
cause  acute  systemic  poisoning  with  non-corrosive  doses.  Phosphorus, 
which  behaves  pharmacologically  in  many  respects  like  metals,  is  absorbed 
still  more  readily.  Olher  metals  arc  absorbed  much  more  slowly.  To 
this  class  belong  lead,  silver,  tin,  and  iron.  Any  metallic  salt,  if  given  in 
strong  solution,  will  cause  corrosion  of  the  raucous  membrane  of  the  ali- 
mentary canal  and  will  then  be  absorbed,  and  would  exert  its  systemic 
action  were  it  not  that  the  local  effects  often  kill  before  the  systemic  can 
come  into  play. 

Habituation  to  Local  Action.^If  the  administration  of  a  metallic  salt 
's  begun  with  small  doses  and  gradually  increased,  it  becomes  possible 
to  administer  wiihoul  local  effect  doses  which  would  at  first  have  produced 
corrosion  (Hausmann,  1906).  Habituation  also  diminishes  the  absorption 
of  arsenic,  but  not  of  antimony  (Cloetta,  1906  and  191 1). 

Babituation  of  Lower  Organisms.^Ycasts,  bacteria  and  protozoa  readily  acquire 
considerable  tolerance  to  the  various  metaU.  This  may  be  transmitted  for  generations, 
and  may  or  may  not  extend  to  other  metals.  The  experiments  of  Neuhaus,  wio,  with 
infusoria;  and  the  trypanosomc  studies  of  Khrlich,  iqio,  present  many  interesting  facts. 

Solubility  and  Absorption. — To  be  absorbed^  the  metal  must  be  in 
soluble  form;  but  it  is  to  be  borne  in  mind  that  the  solubility  in  the  ah- 
meniary  canal  is  not  necessarily  the  same  as  the  soluhtlity  in  water  in  a 
test-lube.  The  combination  of  the  metal  will  usually  be  changed  in  its 
passage  through  ihe  digestive  tract.  In  the  stomach  it  will  be  converted 
largely  into  the  chlorid;  in  the  intestines  into  the  carbonate  and  sulphid. 
The  metallic  salts  also  enter  into  double  combinations  with  proteins,  and 
these  are  often  soluble  in  an  excess  of  the  latter.  In  these  ways  such 
insoluble  compounds  as  mercuric  oxid,  mercurous  chlorid,  lead  sulphate, 
and  silver  chlorid,  may  be  brought  into  solution. 

Absorbability  Ihrough  Intact  Skin. — Lead^  copper  and  zinc  oleates  arc  said  to  be 
absorbable  through  the  skin  (C.  VoeRt  and  Burckhardt,  igt6). 

lon-actioxi. — The  characteristic  effects  of  the  metals  are  produced 
only  when  they  are  ionized.  The  uncombined  metals  and  molecular 
organic  compounds  (for  instance,  the  organic  arsenic  derivatives)  there- 
fore do  not  produce  the  typical  actions  of  their  metallic  ions  directly. 
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They  may  cause  effects  of  their  own,  differing  from  those  of  the  ions;  or 
they  nnay  be  inactive.  Eventually,  however,  flxey  are  usually  transfonned 
into  ionized  compounds,  and  therefore  graduaUy  develop  the  ordinacy 
actions,  but  much  more  slowly.  The  non-ionized  compounds  are  often 
differently  distributed  in  the  body,  so  that  their  actions  may  diSer  from 
those  of  the  ordinary  salts,  even  when  they  are  subsequently  dissociated. 
The  lead  tri-ethyl,/.f.,  simulates  chronic  lead  poisoning  (Haxnack).  The 
organic  arsenic  compounds  are  important  examples. 

Intravenous  Injectioii  of  Metallic  Salts. — The  sjrstemic  actioDB  of  most  metals  tie 
studied  mainly  by  injecting  them  intravenously,  ance  the  slow  aluorption  and  the 
strong  local  actions  would  ooscure  the  remote  enects,  if  the  metals  were  given  bv  the 
ordinary  channels.  For  the  intravenous  injection,  such  metallic  salts  must  be  choseo 
as  will  not  precipitate  the  blood.  Double  salts  (such  as  iron-ammonium  dtrate,  etc) 
or  metallic  albuminates  may  meet  this  requirement.  In  some  cases  it  is  nec^asaiy  to 
have  recourse  to  some  non-ionic  compounds  of  the  metal,  from  which  the  ionic  metal 
is  liberated  in  the  body. 

Delayed  Action. — When  a  non-precipitant  preparation  is  injected  directly  into  the 
blood  the  symptoms  in  many  cases  do  not  arise  at  once,  but  are  d€vehped  quite  sMj, 
sometimes  only  in  the  course  of  sevral  days.  This  is  due  to  the  fact  that  the  metals  oo 
not  act  in  the  blood,  but  only  after  they  have  been  absorbed  into  the  cells;  and  tfan  ab- 
sorption is  so  slow  that  it  may  take  sevral  days  to  accumulate  sufficient  metal  to  piodoce 
any  action.  The  metal  may  by  this  time  have  disappeared  entirelyfrom  the  drraltting 
liquids  (White,  1880). 

It  would  appear  also  that  the  symptoms  do  not  arise  immediately  even  after  the 
poison  has  readied  the  cells.  Tartar  emetic,  when  injected  in  appropriate  doses  into 
a  vein,  disappears  from  the  blood  in  ten  minutes,  but  the  first  syinptoms  may  be 
seen  only  after  some  twelve  hours.  This  corresponds  with  the  behavior  of  toxins  aad 
of  many  other  poisons. 

Storage  in  Cells. — The  metals  enter  into  firm  combination  with  the  protopbtsm, 
and  accumulate  in  the  cells,  especially  of  the  liver,  until  these  contain  nmdi  bugcr 
quantities  than  the  surrounding  medium  (Bokomy,  1905). 

Cuimulative  Action. — The  excretion  of  the  metals  is  usually  even  slower 
than  their  absorption.  They  have  therefore  often  a  cumulative  actwn; 
doses  too  small  to  produce  any  immediate  effect  will  cause  serious  poisoD- 
ing  if  long  continued.  Pb,  Hg,  and  As  are  prominent  examples.  A 
single  large  dose  may,  on  the  other  hand,  produce  chronic  ix>isoning. 

Excretion. — The  metals  are  excreted  partly  by  the  kidneys,  but  the 
main  part  leaves  through  the  intestines,  especially  the  large.  The  ed- 
thelial  cells  are  the  channel  of  this  excretion,  and  not  to  any  extent  the 
bile,  as  was  at  one  time  supposed.  A  gastroefUerUis  may  result  from  local 
action  even  when  the  poison  has  been  given  intravenously.  On  this 
account  tartar  emetic,  for  instance,  acts  largely  locally  even  when  ad- 
ministered intravenously  or  hypodermically. 

Metal  Nephritis. — The  amount  of  the  metals  excreted  by  the  kidneys 
is  often  sufBcient  to  cause  a  marked  nephritis,  characterized  by  albu- 
minuria, casts,  etc.  The  nephritis  begins  usually  in  the  epithelium  of  the 
convoluted  tubules  and  spreads  from  here  to  the  glomeruli.  If  the  p(HSon- 
ing  is  chronic,  the  nephritis  may  become  interstitial  and  lead  to  renal 
cirrhosis. 

Nephritis  has  been  described  in  poisoning  by  the  following  metals:  Ag,  Al,  As,  As, 
Be,  Bi,  Cd,  Ce,  Co,  Cr,  Cu,  Hg,  Mn,  Ni,  P,  Pb,  Sb,  U,  W,  Zn.  There  may  also  berenal 
glycosuria,  i.e.j  the  appearance  of  sugar  in  the  urine  without  hyperglycemia  Ct^iato, 

1914). 

Circulatory  Effects. — All  metals  produce  a  very  marked  fall  of  hUoi 
pressure,  which  is  due  partly  to  a  paralysis  of  the  Hood  vessels  and  partly 
to  a  direct  action  on  the  heart. 
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»e  metals,  aside  from  silver,  may  be  divided  into  two  principal  groups;  the  first 
group  acting  mainly  j>eripheraUy  on  the  bloitd  vesseis^  the  second  group  acting  per- 
ipherally on  the  krart.  To  the  first  group  belong  arsenic^  antimony,  uranium, 
bismuth,  iron,  manganese,  selenium,  tellurium,  aluminum,  tin,  nickel,  cobalt,  gold. 
and  platinum  (WoblwUl,  1907),  to  the  second  group,  lead,  phosphorus,  copper,  zinc, 
cadmium,  mercury,  vanadium,  cerium,  and  thallium. 

In  the  perfused  heart,  all  metals  (in  the  form  of  lactates)  produce  block  and  diastolic 
standstill  (Vocfftiin,  1915). 

Nervous  Phenomena. — The  serious  circulatory  disturbances  lead  to 
central  and  peripheral  nervous  symploms.  Direct  acute  nervous  actions 
are  not  common  in  mammals,  except  perhaps  with  silver. 

Frogs  show  with  most  metals  a  paralysis,  preceded  by  a  slight  stimulation.  The 
tetanizing  action  predominates  with  Ni.  Co.  and  Pi.  Whether  the  metals  have  any 
direct  effect  on  metabolism  can  not  be  decided  with  our  present  methods,  because  of  the 
disturbances  introduced  by  the  intestinal  and  renal  irritation,  and  by  the  circulatory 
cb&Dge&. 
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These  occupy  a  pecuUar  position.  Colloid  metals  may  be  obtained  by  establish- 
ing an  electric  arc  between  metallic  wires  under  water;  very  fine  particles  of  the  metal 
bcinj;  thrown  oflf  and  forming  a  colloidal  solution.  Similar  solutions  may  be  obtained 
from  solutions  of  mefallic  salts  by  certain  reducing  agents.  Colloid  solutions  of  Pt, 
,  .\^,  Hg.  Au,  Bi,  Cd,  Pd,  and  Ir  have  been  prepared  by  these  methods.  The  metal 
cjasts  in  these  solutions,  not  as  ions,  but  in  true  metallic  conditions;  it  is,  however,  so 
finely  subdivided  that  it  remains  permanently  and  evenly  distributed  through  the  solu- 
tion. It  is  precipitable  by  salts,  in  Llie  same  way  as  other  colloidal  solutions.  The 
chemic  reduction  gives  equally  fine  particles  and  can  be  used  to  make  more  concentrated 
.solution  than  the  electric  (Voigt.  1914)- 

I  Colloid  solutions  can  not  produce  the  ion-actions  of  the  metals  directly.  The  colloid 
condition,  however,  gives  them  catalytic  proptrtirSf  I'.tf,,  minute  quantities  may  induce 
reactions  in  birge  quantities  of  other  substances  (r.g.,  conversion  of  alcohol  into  acetic 
^acid),  the  metal  talcing  no  part  in  this  transformation.  This  catal>'sis  is  hindered  by 
many  poisons,  just  as  is  the  action  of  true  ferments.  The  metals  pass  quitr  readily 
from  the  colloid  into  the  ionic  condition,  e.g.,  bv  the  action  of  bacteria,  and  may  then  exert 
the  ordinary  action  of  the  metals.  Since  this  conversion  occurs  but  slowly,  these  ac- 
tions will  t>c  mainly  local,  and  will  produce  a  minimum  of  irritation. 
.  Absorption  and  Fate. — It  is  questionable  whether  the  colloid  metals  are  at  all 
absorbefl  unchanged. 

The  problem  has  been  studied  chiefly  with  colloidal  silver.  After  intramuscular  or 
I  peritoneal  injection,  the  absorption  is  quite  slow,  and  not  exclusively  by  the  leucocytes 
I  fVoigt.  T916).  If  injected  intravenously,  they  sojourn  only  a  few  minutes  in  the  blood 
I  (Niculcscu,  1Q13),  and  are  then  deposited,  espedaUy  in  the  liver  and  the  hemopoctic 

and  excretory  organs  (Voigt,  1914,  1Q16). 
j  Protein  Stabilizers. — CoUoidal  metals  for  clinical  use  (for  instance  CoUarpol)  are 
i  often  "stabilized"  by  the  addition  of  proteins.  These  may  produce  active  or  passive 
I  anaphylaxis  (Bottncr,  igi8,  Hanzlik  and  Karsner,  ig^o).  It  is  guite  po!>sible  tnat  the 
,  therapeutic  and  toxic  ** reactions"  are  due  to  the  injection  of  the  foreign  protein.  This 
would  account,  for  instance,  for  the  erythema  observed  in  a  [>atient  by  Nagai,  iQig. 

Phannacolo^c  Actions  of  Colloid  Metals. — Their  gradual  transformation  into  the 
ionized  form  will  eventually  produce  the  ordinar>'  s>*Rtemic  effects  of  metals.  They 
have  been  used,  h>'podermically  and  intravenously,  for  this  purpose,  but  without 
serious  advantaRc.  (Solution.s  should  not  be  made  isotonic  with  salt,  since  electrolytes 
cause  precipitation.)     They  also  produce  other  rather  indefinite  and  inconstant  effects, 

Krobably  attributable  to  the  colloid  condition;  hv-perpyrexia,  first  h>po-,  then  hyper- 
■ucocylosis,  renal  and  intestinal  irritation,  and  fatal  coma  (Foi  and  Aggazotti,  1908 
and  1909;  Grosand  O'Connor,  iqji).  They  may  l>e  followed  by  increased  excretion  of 
nitrogen  and  uric  acid  (Ascoli  and  Izar,  1007). 

Therapeutic  Use  Against  Infections. — Colloid  silver  oarticularly  has  been  extrava- 
gantly lauded  as  an  internal  antiseptic  in  puer[)eral  and  otner  septicemias  and  infections; 
out  the  claims  do  not  stand  iritica]  examination  (Reinirt,  Coun.  Pharm.  Chem.,  190Q; 
de  Arric,  191 2).     Gros  and  O'Connor  found  that  colloid  metals,  like  charcoal,  adwrb 
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Poisons^  alkaloidal  as  well  as  toxios,  and  therefore  decrease  their  toxidty,  but  the  dts 
(^reasc  Is  insignificant,  and  does  not  occur  at  all  unless  the  poison  was  treated  bcfoic 
being  injected.  Phagocytosis  is  perhaps  somewhat  increased  for  some  bacteria,  but 
not  for  all  (Arric,  1913).  Colloid  silver  or  mercury  is  fairly  antiseptic,  but  not  g!r^ 
micidal  (Marshall  and  Killob.  igis). 

Diingrrs. — Colloid  silver  preparations  arc  apt  to  deteriorate  rapidly  into  the  in»o1ul 
form,  and  may  thus  produce  embolism  1  Ritteriihaus,  1905;  H.  J.  Hamburger,  1909).  A' 
number  of  deaths  have  occurred  prf)bably  by  vascular  embolism  from  the  injection  of] 
coUargol  into  the  renal  jx'lvis  for  X-ray  diagnosis  (Kisendrath,  1914).  Buerger,  iqi4, 
finds  that  these  injections  may  penetrate  the  renal  parenchyma  to  the  surface  of  the 
kidney,  and  lead  to  necrotic  and  suppurative  foci. 

Chemotherapy  of  Cancer. — This  started  with  the  announcement  of  Wasscrmana, 
Keysscr  and  Wasscrmann,  igii  and  IQ12,  that  they  had  succeeded  in  causing  the  dik^> 
appearance  of  rat  tumors  by  the  intravenous  injection  of  selcnium-eosin  coropoundiuj 
Smce  then,   similar  favorable  results  were   reported   for  colloidal   copper,   platinuni,) 
sulphur  and  some  other  c<}]]oi<ls  and  organic  metal  compounds  TNeuberg  and  Caspaii,, 
iQi  2;  Neuberg,  Caspar!  and  Loehc,  191  j;  L.  Locb  and  c*-workcrs,  iguto  1914).     ExtB 
human  tumors  seemed  to  show  some  retrogression.     However,  the  results  do  not  Kith- 
stand  criticism.     UhIenhuth,iQt2,and  Walker,  ign,  failed  to  confirm  the  animal  experi- 
ments with  eosin-selcnium.     Keysser's  further  experience  {1914)  also  con\inccd  him 
that  cure  of  animal  tumors  by  the  various  metals  occurs  in  only  a  small  pwrcenlage  rf 
cases;  that  they  are  ineffective  against  visceral  or  growing  tumors;  success  being  roii- 
fined  to  large  subcutaneous  tumors,  which  they  cause  to  soften  and  liquefy.    Wffl, 
1915,  suggests  that  ihcy  accumulate  in  the  necrotic  portions  of  the  tumors,  as  do  iodkts 
and  dyes,  and  there  lead  to  the  liquefaction  of  the  necrotic  tissue. 

As  to  the  human  cancer,  the  reported  improvement  has  been  essentially  ^mpto- 
matic  only,  and  this  has  little  significance.  \Vcil,  loij  and  1915,  points  out  thai  tic 
only  admissible  sif^nuf  improvement  is  reduction  of  tne  size  of  the  tumor; and  from  llus 
standpoint,  the  clmical  reports  are  negative.  Locb  {.\fcCIurg,  ct  al.,  1915)  concedrt 
that  a  cure  can  not  be  expected.  Keysscr  also  considers  that  the  effective  dose  in  aoi 
mala  is  so  near  to  the  fatal,  that  no  results  could  be  expected  from  a  safe  dosa^. 


mORGANIC  ARSENIC  COMPOUNDS 

General  Statement — Arsenical  compounds  act  locally  as  mild  and 
slow  corrosives  and  have  bten  employed  in  superficial  cancer,  S)'Slcnu- 
cally,  they  relax  the  capillaries  and  increase  their  permeability,  thus 
simulating  inflammation.  This  change  is  most  conspicuous  in  the 
splanchnic  area.  In  acute  arsenic  poisoning,  it  results  in  extreme  gaslro- 
enleritis,  closely  resembling  cholera. 

This  dilatation  of  capillaries  introduces  changes  in  the  circulation 
which  cause  secondary  disturbances  in  the  function  of  more  remote  origans 
particularly  in  the  nervous  system:  and  further,  fatly  degeneration  <if  the 
cells,  especially  in  glands  and  muscles,  with  other  disturbances  of  nuiritioa 
and  metabolism,  particularly  in  chronic  poisoning.  There  may  also  be 
a  direct  paralysis  of  the  hearty  both  ganglionic  and  muscular. 

Milder  degrees  of  the  same  action  may  stimulate  metabolism  bene- 
ficially. This  might  explain  the  therapeutic  uses  of  arsenic  in  malnutri- 
tion, anemias  and  skin  diseases;  but  the  mechanism  of  their  action,  and 
indeed  the  results,  are  somewhat  in  doubt.  There  are  also  characteristic 
effects  on  the  hones  and  bone-marrow.  Arsenic,  esi>ecially  in  the  organic 
forms,  is  highly  effective  against  protozoan  infections. 

Arsenous  and  Arsenic  Compotmds. — Trivalent  As  (arseniles)  is  gener- 
ally much  more  toxic  for  protozoa,  bacteria  and  yeast  cells  than  ■ 
valent  As  (arsenates)  (Kionka,  191 1).     This  holds  also  for  the 
valence   in   organic  compounds,   and    for   the   corresponding   ant 
valencies  (Friedberger  and  Joachimglu,   191 7).     Il  has  been 
that  the  5-valcnt  As  in  non-toxic  until  it  has  been  reduced  to  the  3 
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(Loew,  1887).    The  occurrence  of  a  partial  reduction  was  demonstrated 
by  Binz  and  Schuiz,  1879. 

Relative  Toxicity  fif  Arsenic  Compounds. — With  intraperitoneal  injection  into  guinea 
piRs,  the  tojricity  decreases  in  the  order  of:  arseniles,  arsenates,  colloidal  arsenic,  atoxyl 
and  cacodyl  (Laynoy,  1918). 

Colloidal  A  rsrnic. — Sorcao,  iQrS,  confirms  that  this  has  a  low  toxicity,  its  conversion 
inlo  ionic  arsenic  being  very  gradual. 

Oxidation  and  Reduction  Theory. — ShuU,  1884,  and  Bcinz,  1897,  attempted  to 
explain  the  arsenic  effects  as  alternating  oxidation  and  reduction  of  the  cells,  due  to 
ihe  easy  passage  of  ursenous  and  arsenic  compounds  into  each  other  (which  Schuiz, 
1893,  demonstrated  on  organ-emulsions).  Husemann,  iHq2,  pointed  out  that  if  this 
were  true,  both  forms  should  have  the  same  toxicity.  The  difference  is  not  great  for 
mammab,  but  very  considerable  for  lower  animals  and  plants  (O.  Loew).  The  explana- 
tion is  therefore  not  tenable.  It  is  now  generally  believed  that  the  arsenicals  ninder 
protoplasmic  oxidation  in  an  unknown  way;  although  Schacfer  and  Roehm,  1872, 
showed  that  arsenic  has  little  effect  on  ordinary  ferments. 

Th^  ratio  of  toxicity  of  arscnous  acid:  arsenic  acid  varies  for  different  tissues.  With 
intravenous  injection  in  rabbits,  it  is  as  6  :  10;  for  the  excised  frog's  heart,  as  joo :  i.  The 
arscnous  is  also  more  toxic  for  the  excised  intestine  of  rabbits.  These  different  ratios 
indicate  that  the  toxicity  of  arsenic  acid  is  due  to  reduction  to  arsenous  acid,  which 
varies  in  degree  for  different  tissues  (Joachimoglu,  1915)- 

Resistancc  of  Species. — .-Vrsenic  is  toxic  to  all  animals  which  possess  a  central  nervous 
system;  also  to  most  of  the  higher  pUinLs.  but  not  to  all  the  lower  urgam'sms.  Its 
antiseptic  action  is  comparatively  small.  It  can  not  therefore  be  classed  as  a  general 
protoplasmic  poison.  New-bom  salamanders  show  a  very  great  tolerance.  Among 
mammais,  the  resistance  is  greatest  in  mice,  then  come  the  hedgehog,  rabbit,  dog  and 
cat  C\\lUhcrg,  1015). 

The  toxicity  is  the  same  for  splcnectomized  as  for  normal  mice  (Towlcs,  igi6). 

Local  Actions. — ^The  arsenicals  are  not  precipitant  and  therefore  irri- 
tate only  weakly,  even  on  wounds  or  mucous  membranes;  but  the  cells 
<iie  slowly  after  prolonged  contact. 

This  is  sometimes  used  for  killing  t- xposed  dental  nerves;  and  as  salves  for  superficial 
epitheliomas.  Arsenic  is  much  more  destructive  to  pathologic  cells,  so  that  the  cancer- 
ous tissue  may  be  killed  without  injury  to  the  surrounding  normal  tissue  As  with  all 
oancer-salves^  some  of  the  deeper  tumor  cells  generally  escape,  leading  to  inoperable 
recurrences.    Their  use  is  therefore  not  advisable. 

Circulation. — Arsenic  poi.soning  is  characterized  by  pronounced  and 
piersistent  fall  of  blood  pressure. 

Asphyxia  or  strophanthus  injection  produce  the  normal  pressor  re- 
sponse (the  pressure  ri.sing,  for  instance  for  60  to  140  mm.  through  as- 
fishyxia;  and  from  13  to  140  mm.  after  strophanthus  injection  (Sollmann). 
The  fall  can  therefore  not  be  explained  by  cardiac  failure  and  arterial 
"Vasomotor  depression.  These  occur  only  late  in  the  puisoning,  as  second- 
a.r>'  results  of  the  low  blood  pressure.  The  cause  must  be  looked  for  in 
a.  paralysis  of  the  capillaries;  or  in  diminution  of  the  eflFeclive  volume  of 
b»lood  by  transudation  of  plasma. 

ffeart.—Xn  the  excised  (Langcndorff)  heart  the  amplitude  is  first  increased,  the" 
diminished;  the  rate  may  be  slowed,  quickened  or  arrhytlimic.  Arsenites  are  more 
toxic  than  arsenates,  and  these  more  than  the  organic.  Of  the  latter,  cacodylate  is  the 
most  potent;  arsnhenamin  and  its  oxidation  products  are  inactive  ( Archangelski.  igi  2). 
Xxi  intact  animals  the  cardiac  action  of  the  arsenicals  is  relatively  unimportant,  for 
tJie  heart  is  able  to  maintain  a  fairly  high  pressure  if  the  aorta  is  clamped  (fioehm  and 
VTriitrbergcr,  1S74). 

Vascular  Action. — The  vasodilation  is  most  conspicuous  in  the  splanchnic  area;  but 
tl*e  blood  pressure  falls  even  when  the  intestines  are  tied  off,  so  that  the  muscular  vessels 
»r«also  dilated.  The  dilation  ran  be  demonstrated  by  perfusion  of  cxcisetl  organs.  It 
is  therefore  peripheral.  The  vessels,  however,  continue  to  react  to  splanchnic  stimula- 
P  lion  till  vey  late;  and  to  epinephrin  even  after  the  splanchnic  response  is  lost  (A. 
k  La>^,  1911).    The  arterioles  must  therefore  still  be  capable  of  contracting. 
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Paralysis  of  Capillaries. — For  this  reason  it  is  assumed  that  stniclutr"^  i.,— '^"i   k, 
arterioles — namely,  Uie  capillaries — are  the  seat  of  the  iwiralysis.     This  vi' 
by  the  fact  thftt  they  have  become  more  permeable.     Intravenous  injetfi' 
quantities  of  salt  solution  will  cause  edema  in  animals  pois*ined  with  As.  but  not  in  Lh* 
normal  (Magnus,  1899;  other  capillary  poisons  are  distussed  by  W-  Hcubncr,  iqot' 

The  thoracic  lympk  fiow  is  increased  by  arsenic,  the  phcnomcaa  being  similar  to  lhr« 
of  peptone  (Yanagawa,  1Q16). 

These  changes  in  the  capillaries  explain  partly  the  therapeutic  actions,  and  'J* 
whole  course  of  the  poisoning.  Since  ttureased  permtabtiiiy  of  the  capillaric*  t*  ont 
of  the  essential  features  of  inflammation,  the  phenomena  of  ar^k^nic  poisoning  are  skoilaf 
to  those  produced  by  an  irritating  intlammation,  although  the  primal  cause  is  difidttf 

However,  arsenic  inhibits  the  migration  of  leucocytes  in  the  inflamed  mesentery  n* 
frogs  (Ikeda,  1916). 

Gastroenteritis. — The  first  and  principal  symptoms  of  acute  arsemc 
poisoning  are  those  of  violent  inflammation  of  the  digestive  tract. 

This  suggested  that  arsenic  acts  as  a  corrosive.  However,  the  autopsy  rarely  show 
extensive  corrosion,  and  it  is  known  that  the  corrosive  action  occurs  extremely  slovlvr 
Furthermore,  the  gastroenteritis  may  be  obtained  with  at  least  equal  readincsA  if  the 
arsenic  is  injected  into  the  circulation  or  subcutaneously.  This  would  not  defisitdrj 
exclude  all  local  action,  since  some  arsemc  is  excreted  into  the  alimentary  canal;  bnti 
quantity  is  not  nearly  enough  to  account  fur  the  symptums. 

The  inflammation  is  really  due  to  the  systemic  action  on  the  capillAi 
which  is  strongest  in  the  intestines,  no  mailer  how  the  arsenic  has  bcdl^ 
introduced.  The  capillary  paralysis  results  in  the  production  of  an  exuda- 
tion into  the  connective  tissue.  This  raises  the  epithelium  (just  as  tt*ould 
a  blister  on  the  skin),  and  causes  it  to  be  thrown  off  in  shreds  or  false  mrm- 
branes.  The  exudation  is  then  i>oured  into  the  lumen  of  the  inlcsiiini 
and  largely  coagulates.  This  distention,  as  well  as  the  circulatory 
changes,  causes  increased  perislalis  and  watery  diarrhea;  and  the  shred* 
of  mucus  and  coagulated  exudation  give  to  the  evacuation  the  choracto' 
of  ''  rice^waUr^'  stoois  (Boehm  and  Pistorius,  1882). 

The  patholoK>'  of  this  condition  is  exactly  the  same  as  that  of  Asiatic  choh:rt,Md 
without  a  history  it  is  impossible  to  distinguish  between  the  two  conditions  cxcvpC  bj 
chemic  examination  of  the  dejections. 

The  extreme  distention  of  the  capillaries  may  lead  to  their  rupture,  to  the  i^aimXka> 
of  ecchymoses,  or  pos.sibly  bleeding  into  the  intestine  or  stomach,  and  oouauqucutlj 
bloody  vomiting  or  diarrhea;  but  this  is  by  no  means  alwa>'s  the  case. 

Kidneys. — Arsenic  produces  nephritis,  at  first  mainly  vascular 
(Schlayer  and  Hedinger,  1907),  but  always  with  more  or  less  involvcnurDl 
of  the  epithelium  (MacNider,  1912;  O'Hare,  1915). 

The  vessels  uf  the  kidneys  participate  in  the  capillar}'  dilation.  The  |^omef«U» 
capillaries  are  swollen  .so  as  to  fill  the  capsule;  the  unne  is  albuminous  and  scanty,  •p'^ 
can  not  he  increased  by  cafiein  (Hellin  and  Spiro,  1897).  The  retention  of  oilrafr') 
in  the  blood  is  relatively  slight  (Karsner  and  Denis,  1014). 

The  tNTJCsof  nephrites  from  different  arsenic  compounds,  and  the  actions<^atMnic»l* 
on  the  adrenals  are  described  by  L.  Pearcc  and  Brown,  19x5. 

Absorption. — This  occurs  readily,  to  some  extent  even  from  the  int.i.: 
skin.  Poisoning  may  therefore  result  from  the  external  use  of  arscimJ 
cosmetic  preparations.  With  hypodermic  injections,  the  diarrhea  oficn 
sets  in  wilhin  an  hour. 

Excretion. — Tliis  occurs  by  all  the  usual  channels — urine,  feces,  ^  ^■ 
(Tachau,  iqii),  milk,  and  epithelium  of  the  skin  (Heffler,  IQ05).    \\i  ■ 
oral  administration,  the  main  part  leaves  by  the  feces;  with  h}*podt ' 
by  the  urine.    The  excretion  is  always  slow  and  incomplete,  c^Kciali;' 
with  prolonged  administration  (Croner  and  Seligmann,  1907). 


Time  of  Excretion. — ^Thc  excretion  begins  in  two  lo  eight  hours  after  the  adimnis- 
tralion,  but  lasts  for  a  long  time — three  to  ten  da>'S,  after  a  single  dose;  to  seventy  da>'s 
when  it  had  been  given  continuously.  In  rabbits'  urine  it  was  found  for  i  so  days,  in 
dogs'  for  i6o  days,  after  the  administration  was  slopped.  The  elimination  and  reten- 
tion in  dogs  has  been  studied  by  Uutchcr  and  Steel,  IQ14. 

Distribution  in  Tissues. — The  arsenic  is  stored  in  all  the  tissues,  but  especially  in 
the  li%*cr,  kidneys  and  heart;  less  in  the  skeletal  muscles  and  brain  (Blarezand  Deniges, 
XQo;;  Eckeley,  human,  19x3).  In  the  liver  of  dogs  it  is  found  as  an  arsenical  nucleo- 
protein  (SlowUoiT,  igo?).  The  cerebrospinal  fluid  contains  at  most  traces  in  normal 
individuals  (Eckeley),  more  in  meningitis  (Fine!  and  Lcroid,  1913).  Arsenic  also  passes 
across  the  placental  circulation  to  the  fetus.  It  is  Just  as  toxic  when  injected  into  the 
mesenteric,  as  by  Uic  jugular  vein,  showing  that  the  liver  neither  neutralizes  nor  retains 
it.  It  is  less  toxic  on  hypodermic  injection,  since  it  enters  into  more  slowly  dissociated 
compounds  with  the  tissue  elements. 

Deposition  in  Hair. — After  the  administration  of  arsenic,  the  hair  contains  delect- 
able quantities,  in  firm  combination.  The  deposition  is  alow  but  persistent.  There- 
fore none  is  found  in  acutely  fatal  poisoning,  the  earliest  demonstration  being  after  two 
weeks.  It  may  then  persist  for  months  or  years,  long  after  the  metal  has  disappeared 
from  the  liver  and  bones  (Hcffter,  1015). 

Normal  Occurrence  of  Arsenic. — A.  Gautier,  iSqq,  found  minute  traces  of  arsenic  in 
normal  tissues.  Its  univereal  presence  was  confirmed  by  Bertrand  and  all  those  who 
worked  with  sufficiently  delicate  methods.  In  ma.n,  it  occurs  especially  in  the  thyroid 
(0.16  mg.);  also  in  the  thv-mus,  brain,  and  skin.  It  appears  to  be  in  organic  combina- 
tion with  the  nuclein.  None  is  found  in  the  liver.  Tnis  arsenic  is  introduced  with  the 
food  and  especially  the  drinking  water.  (According  to  the  Royal  Commifision,  1903, 
the  quantity  of  arsenic  in  food  should  not  exceed  Koo  &•  per  pound,  or  in  hquids,  per 
gallon.) 

The  quantity  of  arsenic  normally  present  in  the  intestinal  canal  never  exceeds  Jf  q 
mg.     Larger  quantities  point  to  poisoning  ((laulier.  1904). 

The  urine  generally  contains  traces,  up  to  0.5  mg.  per  day,  depending  mainly  on  the 
arsenic  content  of  the  food  (I.  Bang,  1916). 

Etiology  of  Arsenic  Poisoning. — Arsenic  was  at  one  time  used  very  extensively  for 
criminal  rwisoning.  especially  in  the  seventeenth  century,     An  Italian  woman,  Tnffania. 
carried  this  science  to  its  greatest  refinement,  using  under  the  name  of  *'  Acqua  Toffana 
a  mixture  of  arsenic  and  ptomains  obtained  from  the  putre6ed  juices  of  animals  poisoued 
with  arsenic. 

At  the  present  time  arsenic  is  less  used  with  criminal  intent,  the  most  frequent 
forms  of  poisoning  being  suicidal  or  accidental.  This  may  be  attributed  to  the  perfec- 
tion of  chemic  means  of  detection,  which  allow  of  the  discovery  of  the  minutest  trace. 
Accidental  poisoning  has  been  lessened  to  some  extent  by  requiring  the  preparations  of 
arsenic  sola  at  retail  to  be  colored  either  with  lamp-black  or  indigo,  sc>  liiat  they  do 
not  have  the  innocent  appearance  of  a  white  powder.  This  is  also  of  some  importance 
in  diagnosing  the  poisoning,  the  color  of  the  vomit  calling  attention  to  it.  Bu  t  accidental 
and  suicidal  poisoning  is  still  very  common,  since  arsenic  is  so  extensively  distributed. 
It  is  easy  to  obtain  it  05  a  rat  and  fly  poison.  It  is  frequently  used  in  the  arts.  Paris 
green  is  a  prcparution  whose  sale  is  almost  unrestricted.  A  great  many  of  the  cosmetic 
preparations  on  the  market  contain  arsenic  and  have  given  rise  to  accidcnt.s.  The  use 
of  arsenic  compounds,  such  as  Schwcinfurth  green,  as  pi^metUi  has  been  absolutely 
prohibited;  but  a  great  many  of  the  coal-tar  dyes,  which  are  popular  at  the  present  time, 
employ  arsenic  in  their  preparation,  and  very  frequently  this  is  not  entirely  removed. 
Formerly  wail  paper  dyed  with  arsenic  compounds  was  a  common  source  of  areenic 
poisoning,  but  this  has  now  largely  disappeared. 

The  arsenic  is  given -off  from  these  papers  as  dust.  However,  undoubted  cases  of 
poisoning  have  also  occurred  when  the  arsenical  paper  was  completely  covered  by  a 
iiarmless  paper;  in  these,  some  volatile  arsenic  compound  roust  have  been  formed. 

.Most  modem  wall  papers  still  contain  minute,  but  practically  insignificant  trace* 
(Schulx,  191 5).  The  permissible  limit  of  arsenic  in  papers  is  placed  at  0.1  gr.  per  square 
yard;  but  this  is  probably  not  quite  h.irmlcss.  The  Bureau  of  Chemistry  of  the  United 
States  Department  of  Agriculture  has  analyzed  a  numl>er  of  papers  on  the  American 
market  (Haywood  and  Warner.  1904).  Over  90  per  cent,  of  these  contained  less  than 
0.046  gr.  per  square  yard,  and  are  tiicrefore  safe.  Furs,  rugs,  and  fabrics  were  less  satis- 
factory. Blaclt  stockings  particularly  often  contained  quantities  of  arsenic  (above  o.oi 
gr.  per  square  yard),  which  must  be  considered  dangerous,  considering  their  intimate 
contact  with  the  skin. 

Fruits,  after  the  use  of  arsenical  insecticide  sprays  (Bordeaux  mixture,  lead  arsenate), 
contain  arsenic  (and  lead),  for  long  periods  (Sonntag,  1915)'  the  quantities,  however, 
are  probably  unimportant. 
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Course  of  Acute  Arsenic  Poisoning. — This  may  be  very  i^id:  In 
fulminant  cases,  the  withdrawal  of  the  blood  from  the  general  circulation 
mto  the  splanchnic  area  may  produce  prompt  collapse,  and  death  before 
the  enteritis  has  time  to  develop  (corresponding  to  "dry  cholera"). 
Usually,  however,  the  symptoms  do  not  appear  for  from  one-half  to  one 
hour  after  the  arsenic  is  taken,  and  then  nm  through  eighteen  hours  to 
three  days  sometimes  four  to  fourteen  days. 

Acute  Symptoms. — The  suspicion  of  the  patient  may  have  been 
aroused  by  the  sweetish  astringent  taste  of  the  substance.  Almost  the 
first  symptoms  are  vomiting  and  profuse  and  painful  diarrhea.  The  with- 
drawal of  water  from  the  body  leads  to  great  thirst,  dryness  of  the  mouth 
and  throat,  and  difficulty  in  swallowing  and  articulation.  The  urine  is 
diminished  and  often  bloody  and  albuminous.  The  nervous  symptoms 
consist  in  vertigo,  headache,  and  pain  in  the  limbs.  There  will  be  cyano- 
sis and  cold  extremities.  Toward  the  end  occur  syncope,  coma,  clonic 
and  tonic  spasms,  and  a  general  paralysis.  Death  usuaUy  occurs  by  ex* 
haustion  as  a  result  of  the  prolonged  gastroenteritis,  as  in  cholera. 

In  the  subacute  poisoning  the  inflammation  of  the  mucous  membrane 
of  the  alimentary  canal  is  prominent.  Inflammation  o£  other  mucous 
membranes  also  becomes  conspicuous,  and  shows  as  conjunctivitis,  cor^rzt, 
stomatitis,  salivation,  and  pharyngitis.  Skin  eruptions  make  their 
appearance  if  the  arsenic  poisoning  is  at  all  prolonged.  In  this  case  there 
are  also  symptoms  arising  from  the  central  nervous  system,  as  wdl  as 
neurites. 

The  diagnosis  of  acute  arsenic  poisoning  is  made  by  the  violent  gastro- 
enteritis. This  can  usually  be  distinguished  quite  easily  from  that 
produced  by  acids  and  alkalies,  by  the  history  of  the  case,  absence  of 
corrosion  in  the  mouth,  and  furthermore  by  the  lesser  prominence  dL  the 
local  symptoms.  The  very  quick  onset  distinguishes  it  from  other 
metals. 

Autopsy  Findings. — The  patient  appears  emaciated  from  the  with- 
drawal of  liquid  from  the  body  by  the  profuse  diarrhea,  and  this  even  if 
he  retains  a  fair  amount  of  adipose  tissue.  The  appearance  of  the  sfi- 
mentary  canal  with  its  large  amount  of  fluid  and  the  presence  of  shreds 
of  mucus  and  false  membrane,  with  usually  no  pronounced  corrodon,  are 
characteristic.^  Microscopically  gastroadenitis  and  cell  infiltration  are 
often  seen. 

The  body  after  arsenic  poisoning  usually  putrefies  very  slowly  and  may  beooDC 
mummified,  which  always  causes  a  suspicion,  although  it  is  not  at  all  a  proctf  of  such 
poisoning.  The  positive  proof  can  be  furnished  only  by  the  cbemic  examination'  U 
must  not  be  forgotten  that  arsenic  is  frequently  introduced  into  the  body  in  tbe 
embalming  fluid. 

Fatal  Dose. — This  varies,  especially  with  the  solubility  of  the  prepaia- 
tion,  etc.  Of  the  trioxid,  5  to  50  mg.  are  toxic;  o.i  to  0.3  Gm.  are  usuaDy 
fatal;  but  recovery  may  occur  after  much  larger  quantities.  The  mor- 
tality is  50  to  75  per  cent.  (Lewin). 

Treatment  of  Acute  Poisoning. — Acute  arsenic  poisoning  is  best 
treated  by  lavage  with  warm  water,  emetics,  or  purgation.  The  chemic 
antidotes  are  of  doubtful  value. 

Ferri  Hydroxidum  cum  MagnesH  Oxido  (see  Index)  was  long  considered  the  best  an- 
tidote, the  ferric  hydrate  and  arsenic  forming  a  compound  which  was  deemed  almost 

'  Sec  plates  49  and  50  of  E.  v.  Hofmann:  Atlas  of  Legal  Medicine.  W.  B.  Saunders  Co> 
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De  Buschcr,  1902,  believes,  however,  that  the  compound  is  even  more  sol- 
>lc  than  arsenous  acid,  and  tlial  i!  is  quite  useless.     So  also  is  hydrogen  sulphid. 

The  hypodermic  injection  of  magnesium  sulpfiale  has  saved  animals  from  fatal  do<«s 

aiscnic,  even  when  the  latter  was  also  injected  h>'podermically.  Presumably,  diffi- 
Itly  soluble  arsenic-magnesium  compounas  arc  formed  (Sicber,  191 2).  However, 
e  antidote  must  be  used  very  promptly,  ana  the  effective  dose  of  magnesium  is 
idf  dangerous. 

Arseniuretted  Hydrogen  (AsHa).— This  is  an  extremely  toxic  gas,  bo  that  a  few 
ibblcs  may  be  fatal  to  man.  It  is  produced  in  lead  burning;  by  the  action  of  impure 
Iphuric  acid  on  metals;  from  ferrosilicon,  etc.  It  may  produce  the  ordinary  arsenic 
hcnomena,  but  the  toxic  cEfccts  arc  mainly  due  to  hemolysis.  It  combines  ^vilh  the 
moglobin  (Meissner,  191.^),  and  destroys  the  corpuscles.  The  symptoms  are  often 
laycd,  and  start  with  malaise,  collapse,  fainting  fits,  etc.  This  is  followed  by  bloody 
ine;  icterus,  painful  liver  and  kidneys;  eventually  by  anemia  (Stadelmann,  iSSa). 
vere  cases  may  die  during  the  earlier  stages  with  convulsions,  delirium  and  coma. 
le  gas  has  a  characteristic  garlic  odor. 

"Ferrosilicon."— This  is  a  mixture  of  Fe  and  Si  compounds,  used  in  the  manufacture 

steel.  In  the  presence  of  water  or  moist  air  (as  in  shipment)  it  liberates  phos- 
koretted  and  arseniuretted  hydrogen,  which  have  produced  fatal  poisoning  (J.A..M.A., 
:  781,  1910).  The  grades  containing  50  to  70  per  cent,  of  silicon  arc  much  more  sub- 
irt  to  the  decomposition,  and  are  therefore  more  dangerous  than  those  containing  a 
cater  or  smaller  percentage. 

Garlic  Odor  with  Arsenic. — This  is  a  rather  characteristic  feature  under  certain 
nditions.  It  is  noted  when  the  metal  is  burned  in  air  to  AssOi.  Moulds  growing  on 
imp  wall  paper  and  other  arsenicals  produce  it  by  forming  ethyl  anun,  As(CsHi)ari. 
be  odor  is  sometimes  observed  in  the  arsenic  vomitus  (Gumprecht),  and  is  probably 
le  to  reduction  products.  Garlic  breath  does  not  occur,  or  very  rarely,  in  tne  thera- 
lutic  administration  of  inorganic  arsenic  compounds,  but  is  very  strong  after  the  use 

cacodylatcs. 

HabituatiOQ. — The  mountaineers  of  Styria  and  certain  other  regions  consume  arsenic 
\ce  or  twice  weekly,  as  a  general  stimulant  and  tonic.  There  appears  lo  be  unimpeach- 
»le  evidence  that  they  gradually  accustom  themselvestouse  with  immunity  quantities 
arsenic  (lo  0.4  Gm.)  which  would  produce  very  serious  toxic,  irritant  and  cumulative 
fccts  in  ordinary  individuals  fSchaefer,  i86j;  Knappe,  1875).  This  toleraiice  can  also 
I  induced  in  dogs  and  rabbits.  Cloctta,  1906,  attnbutes  it  to  lessened  absorption  from 
e  alimentary  canal;  Hausmann,  1906,  to  increased  excretion.  The  latter  also  showed 
&t  the  corrosive  action  on  the  intestines  is  decreased  by  habituation.  Withdrawal 
>es  not  cause  any  abstinence  symptoms,  even  if  the  arsenic  has  been  consumed  for 
lars.  Joachimoglu,  1916,  finds  that  the  absorption  of  small  doses,  in  dogs  is  not 
minished  by  habituation;  but  that  it  is  rather  increased  in  accordance  with  tne  larger 
Me.     However,  habituation  leads  to  increased  resistance  of  the  intestinal  mucosa 

the  inflammatory  and  necrotic  actions  of  arsenic,  which  would  promote  the  absorption 

toxic  doses.  For  this  reason,  the  absorption  of  large  doses  is  smaller  in  habituated 
limals. 

Chronic  Arsenic  Poisoning. — In  this,  chronic  gastro-intestinal  catarrh 
Kvelops,  possibly  with  ulceration.  The  less  intense  but  persistent  capil- 
ry  paralysis  gives  time  for  widespread  fatty  and  other  degenerative 
langes.  These  afTeci  first  the  endothelium  of  the  capillaries,  later  the 
iteslinal  epithelium,  and  finally  the  cells  of  other  organs — liver,  kidney, 
tart-muscle,  etc.  The  increased  size  of  the  fatty  liver  may  cause  pres- 
ire  on  the  bile-ducts,  consequently  reabsorption  of  bile  and  icterus. 
here  is  a  considerable  tendency  to  the  development  of  local  effusions; 
veiling  of  the  eyelids  is  fairly  characteristic. 

Impaired  nutrition  or  toxic  actions  on  peripheral  nerves  give  rise  lo 
slyneuritis,  with  atrophy  of  the  muscles,  disturbance  and  paralysis  of 
nsation,  and  of  the  special  senses  (blindness).  The  voice  is  frequently 
tered,  from  the  paralysis  of  the  vocal  cords.  The  skin  is  also  parlicu- 
liy  affected.  This  action  results  in  acne-like  eruptions,  exfoliation,  and 
1  falling  out  of  hair  and  detachment  of  finger-nails.  Heqses  zoster  seme- 
mes develops.  In  a  few  cases  a  peculiar  cutaneous  melanosis  can  be 
Hiced.   This  is  not  due  lo  a  deposition  of  arsenic,  but  to  the  formation 
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of  organic  pigment  granules  in  the  epidermis  and  the  exterior  layers  d 
cutis  (Cans,  1914).  The  mucous  membranes,  especially  the  conjuncthi. 
may  also  suffer. 

The  diagnosis  of  chronic  arsenic  poisoning  may  be  somewhat  difficult  because  il» 
symptoms  arc  sometimes  quite  obscure  or  resemble  very  closely  those  produced  bj 
chronic  lead  poisoning.  There  is  some  difference  in  the  elcolric  reaction  of  musrleifld 
the  absence  of  the  blue  line  on  the  gums,  which  are  characteristic  of  lead.  But  inotbtr 
cases  of  the  acute  or  chronic  form  thc'cbemic  examination  is  the  only  absolute 
making  the  diagnosis. 

Chronic  arsenic  poisoning  is  treaied  by  withdrawing  the  cause;  the  same 
may  also  be  used  as  for  chronic  lead  poisoning. 

Causation  of  Nervous  Phenomena. — There  arc  not  solely  due  to  ischemia, 
acute  poisoning,  but  must  be  partly  direct;  for  ihey  occur  also  in  frogs,  whose 
functions  are  not  immediately  influenced  by  the  blood  supply. 

Therapeutic  Use  in  Nervous  and  Rheumatic  Conditions. — Ai 
been  used  in  chorea,  neuralgias,  and  the  var'ous  rheumatic  and 
diseases.     Its  effects  are  usually  not  striking,  and  may  probaUy 
referred  to  the  general  tonic  action. 

Effects  on  Metabolism. ^These  resemble  phosphorus:  Tkerc^ 
doses  check  oxidation,  and  favor  nutrition  and  growth,  even  in  adolts.'^ 
The  bones  become  larger  and  more  compact.  The  condition  of  the  skin 
is  especially  improved.  The  blood  formation  seems  stimulated  ud( 
suitable  conditions. 

Excessive  doses,  as  with  phosphorus,  lead  to  increased  excretion 
nitrogen,  loss  of  weight,  lessened  gas  metabolism,  fatty  degeneration 
tissues,  acidosis,  decreased  functionation  of  organs,  destruction  of  blood 
icterus,  inability  of  the  liver  to  form  glycogen. 

ffefalic  Degeneratitm. — A  further  analogy  with  phosphorus  poisonins  coaslflU  ia 
fatty  aegenemtion  of  the  liver  cells,  more  marked  with  inorganic  than  wiin  ofpuactf 
senic  conipounds.  With  intravenous  injection,  this  is  localized  around  the  ceot^  vri» 
with  h>'podermic,  it  is  more  general  (UUmann,  1914). 

Tisstn:  Degenerations. — Toxic  doses  produce  degenerative  changesalso  in  the  kidflt]n> 
capillaries  and  blood.     Pathologic  tissues — malignant  lymphomata,  s>'philiticgup»"^'^ 
etc. — are  more  susceptible  and  may  be  attackwl  even  by  therapeutic  doses, 
mental  tumors  may  also  be  liquefied  and  destroyed  (Neuberg,  Caspari  and  Loebt- 

Fac.tors  Concerned  in  the  Metabolic  Actions. — The  metabolic  effect  is  quite  vanaW 
as  it  depends  upon  a  number  of  mutually  o[^fx>scd  causes.  Among  these  arc :  the  apil- 
lary  dilatation;  supposedly  a  direct  action  of  arsenic  uuon  the  cells;  and  the  action  tis 
the  gas tro- intestinal  canal  and  on  the  kidneys.  Small  doses  of  arsenic  inariM  tli 
gastric  secretion  (Klocraan,  1Q12I;  larger  doses  cause  irritation,  colic  and  dianhcm.  It 
common  with  other  intestinal  irritants,  it  increases  the  output  of  uric  arid  (AU,  Hfiy 

The  interaction  of  these  factors  may  produce  diflerent  results,  so  that  the  e«p<^ 
mental  data  must  be  interpreted  cautiously.  As  with  all  metabolic  effects,  o^  0> 
gross  features  arc  known;  the  detailed  actions  on  special  organs  would  probably  be  cvi* 
more  important. 

Therapeutic  Use  in  Blood  Diseases. — Arsenic  is  employed  with  limited 
success  in  various  leuctmias  and  anemias^  especially  in  pernicious  anemU. 
and  with  iron  in  chlorosis.     The  results  arc  generally  referred  t 
on  the  bone-marrow,  but  in  some  cases  may  be  parasiticidal^      1 
basis  of  its  use  in  nuilaria  and  syphilis. 

Arsenic  in  I^eucemia. — The  results  arc  not  brilliant,  but  it  usually  itnpiwcs  iW 
general  conditions  somewhat.  The  early,  milder  stages  are  most  promising  (Uahi. 
iqi4).  Sometimes  marked  rapid  improvement  occurs,  as  with  radium  or  i*t«>i 
(Thayer);  but  this  is  exceptional. 

Arsenic  in  Syphilis. — This  is  not  entirely  new.  Arsenic  was  used  in  the  day*^ 
Fallopius,  and  intermittently  since.     The  difficulty  lies  in  the  toxicity  of  cficv>i 
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dosrs.  Herefeld,  1911,  advises  the  painless  hypodermic  or  intramuscular  injection  of 
X  per  cent,  sodium  arscmte. 

Aditmx  on  Bone-marrow  and  Blood  Formation, — In  normal  animals,  the  effects  of 
arsenic  on  the  marrow  are  mainly  destructive:  atrophy  of  the  fat  cells,  dilation  and 
multiplication  of  the  capillaries;  Increase  of  the  Icucoblastic,  but  not  of  erj'throblastic 
cells  (in  contrast  to  hemorrhage).  Larger  doses  cause  hyaline  degeneration  and  anemia. 
Similar  changes  arc  produced  by  other  metals,  organ  extracts,  peptones,  etc.  (Stockman 
and  Chartcris,  1905). 

Saneyoshi,  igij,  has  also  brought  evidence  that  ordinary  doses  of  arsenic  do  not 
normally  stimulate  the  production  of  corpuscles.  It  is  conceivable,  but  not  dcmnn- 
strated.  that  it  acts  more  positively  in  anemia,  von  Hoesslin,  i(>i.^.  claims  generally 
restoration  of  hemoglobin  and  erythrocytes^  decrease  of  lymphocytes  and  increase  of 
neutrophiles.  Its  cUnicul  effects  might  also  be  explained  by  the  anliknuolytU  action, 
which  has  been  demonstrated  by  Gunn  and  Hetham,  191 1.  The  viscosity  of  the 
blood  is  sometimes  slightly  increased  (Farmachidis,  IQ12). 

Resistance  of  EryUtrocyies. — As  judged  by  hypotonic  hemolysis,  this  is  increased  by 
therapeutic  doses  of  arsenic  in  anemias.  Hill,  1915,  suggests  this  as  an  explanation  of 
the  cunical  improvement. 

Bones. — Arsenic  leads  to  thickening  of  the  hones  and  filling  up  of  the  Haversian  canals 
(GieA,  1877),  which  may  possibly  justify  its  use  in  rickets  and  osttomalacM. 

Skin. — Arsenic  is  extensively  used,  externally  and  internally,  to  im- 
prove the  nutrition  of  the  skin  and  hair,  and  in  non-parasitic  chronic  skin 
diseases.  It  should  never  be  used  in  acute  inflammatory  conditions.  The 
results  are  often  disappointing. 

Hartzell,  igo8,  considers  it  most  successful  in  recent,  slowly  spreading  psoriasis;  In 
chronic  stationary-  lichen;  and  of  limited  value  in  pemphigus.  Its  injudicious  use  is 
often  very  harmful  tn  the  skin  (pigmentation,  etc.)-  Arsenic  is  used  extensively  in 
vderinary  practiff,  to  improve  the  appearance  of  cattle,  by  brightening  the  coat  and 
iDcrcasing  the  subcutaneous  (also  the  peritoneal)  fat. 

Glycosuria.— Arsenic  treatment  (not  salvarsan)  lessens  aliraentar>'  glycosuria  in 
dogs.  It  has  no  eiTect  on  epincphrin  glycosuria  (Begemann,  191?).  It  has  been  tried 
in  human  diabetes,  but  without  much  success.  /Vrsenic  poisoning  causes  rapid  loss  of 
glycogen  from  the  liver,  and  leads  In  the  formation  of  lactic  acid.  Small  doSies  increase, 
larger  doses  retard  autolysis  (of  the  liver;  I.^queur  and  littinger,  IQI2).  Small  doses 
increase  the  catalytic  action  of  the  blood;  larger  doses  have  little  effect  fDuncker  and 
Jodlbauer.  191 1}. 

Cachectic  Conditions. — Arsenic  is  employed  as  a  tonic  in  a  variety  of  these  conditions, 
especially  after  malaria;  in  tuberculosis,  and  in  asthma.  Although  it  is  easily  under- 
stood how  it  may  be  of  benefit,  its  actual  use  must  be  entirely  empirical.  We  do  not 
know  sufficient  about  the  nature  of  these  conditions,  nor  can  we  predict  the  action  of 
aisenic  with  sufficient  certainty,  to  be  able  to  foretell  its  results. 

Dosage. — The  ordinary  tonic  dose  of  arsenic  trioxid  is  i  to  2  mg., 
Jeo  to  ^30  gi"-".  of  the  liquid  preparations,  2  to  3  drops,  three  times  daily. 
For  nnore  energetic  effects,  It  should  be  aimed  to  establish  a  tolerance  by 
beginning  with  small  doses,  and  gradually  increasing  these  until  some 
local  manifestation  of  the  arsenic  appears — usually  diarrhea,  colicky  pains, 
or  conjunctivitis  or  swelling  of  the  eyelids.  As  soon  as  these  are  seen, 
the  amount  must  be  diminished.  The  starting  dose  may  be  3  drops  of 
Fowler*s  solution,  or  5  mg.  of  the  oxid,  three  times  daily,  yicreased  by  i 
drop,  or  i  mg.,  every  day.  All  the  official  liquid  arsenic  preparations 
contain  i  per  cent.  They  may  be  given  in  water;  the  trioxid  in  pills, 
often  with  iron. 

PREPARATIONS — INORGANIC  ARSENICALS 

*Aneni  Trioxidum   (Arscn.  Triox.),  U.S.P.;  Acidum  Arseniosum   (Acid.   Arsen.), 
BP.,  .Arsenic  Trioxid,  Arsenious  Anhydride,  Arsenous  Oxid,  Arsenous  Acid  (White 
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Arseaic),  AsiOi. — White  powder,  or  irregular  masses  of  two  varieties;  one,  amotpboos, 
transparent  and  colorless,  like  glass;  the  other,  crystalline,  opaque  and  white,  rcsembliitt 
porcelain.  Both  are  odorless.  Slowly  sol.  in  30  (glassy)  or  100  (powdered  or  porcelib) 
parts  of  water;  in  15  boiling  water;  sparingly  in  ale.  Freely  sol.  in  hydrochloric  tad 
and  alkalies.  Dose,  2  mg.,  J^o  gr-i  U.S.P.;  x  to  4  mg,,  H4  to  He  gr.,  BJP.,  maximum 
dose,  5  mg.,  gr.  H2 

*Liquor  Acidi  Arsenost  (Liq.  Add.  Arsen.),  U.S.P.;  Z.«j?.  Arsen.  HydrocU.,  B.P.— 

1  per  cent,  of  AS2O1,  o.^  per  cent.  HCl.  Clear,  colorless,  acid  liquid.  IncompatibSitia 
(of  all  arsenic  solutions):  Salts  of  iron  and  of  magnesium;  lime-water;  *»""«'»«  Dose, 
0.2  cc,  3  minims,  U.S.P,;  0.12  to  0.5  c.c,  2  to  8  minims,  B.P. 

Arseni  lodidum  (Arsen.  lod.),  17.S.P.,  B.P.;  Arsenous  lodid.  As  Ii. — Orange-red, 
inodorous,  crystalline  powder.  Sol.  in  water  (1:12),  with  partial  dccompositioQ 
Dose,  s  mg.,  M2  gr.,  U.S.P.;  3  to  12  mg.,  }4o  to  H  gr.,  B.P. 

Liquor  Arseni  ei  Sydrareyri  lodidorum  (Liq.  Aisen.  et  Hydrar:g.  lod.),  U-SJ*., 
BP.  (Donovan's  Solution). — -Represents  i  per  cent,  each  of  Aslj  and  Hglt.  Dose,  ai 
c.c,  iH  minims,  U.S. P.;  0.3  to  x.2  c.c,  5  to  20  minims,  B.P. 

*Liquor Potassii  Arsenitis,  (Liq.  Pot.  Arsen.),  V, SJP.\ Liquor  Arsenicaiis (Liq.  Arsen.), 
B.P.  (Fowler's  Solution;  Liquor  Kalii  Arsenicosi). — Potas^um  arsenite,  corre^Miidiiig 
to  I  per  cent,  of  Assd,  colored  and  flavored  with  Co.  Tr.  Lavender.  A  clear  or  faintly 
opalescent  liquid  with  a  pink  color  and  a  slight  odor  of  lavender.  It  is  slightly  alkaline, 
and  therefore  incompaltole  with  alkaloidal  salts  (in  addition  to  the  incompatibflities 
mentioned  under  Liq.  Add.  Arsen.).    Dose,  0.2  c.c,  3  minims,  U.S.P.;  0.12  to  0.5  cc, 

2  to  8  minims,  B.P.     Maximum  dose,  0.5  c.c,  8  minims. 

*Sodii  Arsenas  (Sod.  Arsen.),  U.S.P.,  NajHAsO*  +  7H1O.— Odorless,  bmnspaient 
prisms.  Fredy  soL  in  water  (1:1.5).  Dose,  5  mg.,  H  gr.,  U.S.P.  MoMmumdtse, 
10  mg.,  H  gr. 

Sodii  Arsenas  Exsiccaius  (Sod.  Arsen.  Exs.),  U.S.P.;  Sod,  Arsen.  Ankydr.,  B.P.— 
Freely  sol.  in  water  (1:3.1).  Dose,  3  mg.,  He  gr.,  U.S.P.;  1.5  to  6  mg.;  Mo  to  Mo 
gr.,  B.P. 

Liq.  Sod.  Arsen,,  U.S.P.,  B.P. — i  per  cent,  of  NatHAsO*.    Dose,  0.3  cc,  3 
U.S.P.;  0.12  to  0.5  cc,  2  to  8  minims,  B.P. 


ORGANIC  ARSENIC  COMPOUNDS 

General  Statement — The  organic  comfiounds  of  arsenic  contain  the 

metal  in  non-ionic  form.  This  is  more  or  less  readily  liberated  in  the 
organism,  with  the  gradual  production  of  the  ordinary  arsenic  effects.  In 
detail,  however,  these  diflfer  considerably  from  those  of  inorganic  aiseaiic 
compounds,  partly  because  the  whole  organic  molecule  may  act  las  sudi, 
and  partly  perhaps  because  the  organic  side-chains  alter  the  penetratioD 
and  therefore  the  selective  action  of  the  arsenic,  so  that  this  is  liberated 
in  the  cells  which  it  does  not  ordinarily  reach  in  effective  concentration. 
At  all  events,  the  differences  from  inorganic  arsenic  are  mainly  quantita- 
tive rather  than  qualitative.  In  the  body,  the  organic  compounds  are  less 
toxic  to  mammals  and  more  toxic  to  protozoan  parasites.  In  this  wit 
they  become  available  for  combating  trypanosomes,  syphilis,  ^iiillosb 
and  other  protozoan  infections. 

However,  while  arsenic  trioxid  kills  the  protozoa  in  test-tube  cultures, 
the  currently  used  organic  arsenic  compounds  are  practically  ineffective 
outside  of  the  body.  In  order  that  they  may  become  effective,  they  must 
be  altered  in  the  tissues.  The  active  decomposition  products  are  not  wd! 
known,  but  they  must  contain  trivalent  arsenic,  which  is  vastly  more 
toxic  to  protozoa  than  is  pentavalcnt  arsenic. 

Chemic  Structures. — Cacodylic  Acid  and  Arsanilic  Add  (Atoxyl)  are 
derivatives  of  arsenic  acid,  and  therefore  contain  the  pentavalent  arsenic. 
Arsphenamin  (Salvarsan,  Dioxy-diamino-arseno-benzol)  contains  triva- 
lent arsenic,  which  acts  much  more  powerfully  on  the  parasites. 
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Their  structure  U  illustrated  by  the  formulas: 


Arsenic  Add:  OA5(OH),;  O 


/OH 

AsfOH 

X)H 


Cacodvlic  Acid:  0-As(CHa),OH. 

ArsaniUc  Acid:  0-As(C*H,NHs){OH)i{Atoxyl). 

Acctylarsanilic  Acid:  O  AsiC^HiNH  CH,CO)fOH)t  (ArsAcetiD). 

Diozy-diamino-arseno-benzot:  (Arsphenamio). 


Aft  »  As 

,Q0 

OH      OH 


NH| 


Arsenic  Content. — Arsenic  trioxid  contains  75.74  per  cent,  of  arsenic;  crystalliiod  so- 
dium arsenate,  ^4  per  cent. ;  sodium  cacodylate,  35.6  per  cent.;  sodium  arsanilate  (atoxyl), 
2  2  to  26  per  cent.;  arsphenamin.j  1.6  per  cent.;  neo-arsphenamin,  about  30  percent. 

Chemotherapy. — This  term  has  been  restricted,  somewhat  arbitrarily, 
to  the  parasiticidal  treatment  of  infections  by  chemical  agents;  *' Internal 
Antisepsis"  is  perhaps  a  more  descriptive  title. 

Other  examples  of  chemotherapy  are  the  specific  effect  of  quinin  in  malaria,  of 
mercury  in  5>'pnilis,  and  possibly  that  of  the  salicylates  in  rheumatic  fever.  These 
were  all  empirical  discoveries;  the  occasional  use  of  arsenic  in  syphilis,  tr>'panoftomiasis, 
etc.,  was  also  haphazard.  The  recent  development  of  this  field  is  due  mainly  to  the  sys- 
tematic work  of  P.  Ehrlich  and  his  pupils.' 

Affinity  of  Chemic  Substances  and  Living  Protoplasm. — Tlie  numerous  antiseptics 
which  are  universally  effective  against  infective  agents  outside  of  the  body  are  not  gcner* 
ally  available  for  internal  therapy,  because  they  have,  for  the  most  part,  a  greater 
affinity  for  the  protoplasm  of  tbe  host  than  for  that  of  the  parasites  ^Rccnhold  and  T-lhr- 
lich,  1Q06).  They  are  more  "orpinotropic"  than  "parasitotropic,"  and  therefore 
more  injurious  to  the  host  than  to  the  parasite.  The  problem  of  chemotherapy  is  there- 
fore largely  one  of  specific  selective  affinity  [penetration  or  otherwise),  between  the 
spec'^c  living  cells  and  specific  chemical  sul^tances.  These  differences  arc  mainly 
quantitative,  but  they  varv*  greatly  for  individual  substances  (as  illustrated,  for  instance, 
by  the  vital  staining  of  tissues;  the  triple  stain  for  leucocytes;  the  methylene  blue  stain 
for  nerves,  etc.).  While  therefore  tne  existence  of  a  harmless  universal  internal 
antiseptic  is  highly  imnroliable.  it  is  quite  conceivable  that  a  series  of  specific  substances 
may  exist  which  comnine  a  relatively  high  toxicity  for  a  certain  parasite  with  a  rela- 
tively low  toxicity  for  the  cells  of  the  host.  This  hope  has  not  been  realized  for  most 
bacteria^  which  have  generally  a  vcr>'  high  resistance.  The  protozoan  parasites,  on  the 
other  hand,  are  much  mure  susceptible,  and  the  efforts  of  Ehrlich  in  this  direction  have 
been  highly  successful. 

Trypanosome  Experiments.' — ^Tbe  experimental  therapy  of  protosoan  infections 
was  most  conveniently  investigated  on  the  Trypanosomes,  which  by  their  different 
species,  produce  the  tropical  "sleeping  sickness,'*  and  similar  diseases  in  animals.  Khrlich 
and  Shiga,  1904.  studied  the  inlluence  of  a  great  variety  of  substances  on  tr>-panosome 
infections  of  white  mice.  The  search  was  at  first  haphazard;  but  when  i>artly  suctcsful 
results  were  obtained,  it  was  -Sf)Ugh!  .systematically  to  improve  these  by  altering  the  •tide- 
chains  50  as  to  increase  their  specific  affinity  for  the  c  nemo  receptors  of  the  parasites. 
The  eflectivc  agents  found  by  Khrlich  and  by  independent  workers  t^elong  to  four  groups: 
<i)  Benzidin  Dyes  (Trypan  red,  etc.);  (2)  BaMcTriphcnylamind^tii  (Malachite  drern, 
Paraf  uchsin,  etc.) ;'  (3}  Arsenic  Compounds;  and  (4)  .\ntiraony  and  Bismuth  compounds. 

These  investigations  were  important  mainly  by  elucidating  the  general  principles 
of  chemotherapy;  for  it  was  soon  found  that  the  detailed  results  could  not  be  transferred 
directly  to  man:  .\gents  which  were  effective  in  one  species  of  host  were  often  much  lew 
effective  in  another.  The  dyes  in  particular  were  not  practtcaUy  available,  since  they 
cause  intense  coloration  of  the  body,  irritation  and  necroas  of  the  skin,  and  Mrvere 
cachexia.  These  objections  do  not  hold  for  the  arsenic  or  antimony  compounds;  but 
with  these  also  the  efficiency  for  man  can  not  be  deduced  from  the  animal  esperiments. 

I  P.  Ehrlkh;  "Bcitrmefe  zur  ezp.  pBiboI.  i.qi!  CVmothcT.."  1^09.  A  Awt  diac«MM>n  of  Rhflich's 
ircrk  iscnrcn  by  L.  H.  Mariu.  loio*  J.  A  M.  A.  5S:  1974. 

s  A  nrnopaia  <rf  the  txpetimtaUi  ditnipy  of  tvraaovoiae  iirfectiafH  is  (iwn  by  B.  T-  Tory.  Affdb. 
]nt«m   Mma..  Mafdi.  i909> 

•  The  ckaatatiy  ot  thtae  dyes  u  (LacuMcd  bjr  XL  SchwiUer.  ScMOoe.  DoC.  9. 1910. 
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Acquired  Resistance. — One  of  the  most  important  results  was  th**-  discover)*  tlut 
the  injection  of  ineffective  doses  may  graduaJly  render  the  parasite*  resUtant  f*'fast'T 
to  the  agents  of  the  some  group,  although  they  prcser\e  their  susceptibility  lo  drugs  of 
the  other  groups,  which  act  upon  other  receptors  (Ehrlich,  1907).    In  this  way  ihc  try- 
panocidiil  agents  may  be  divided  into  three  principal  groups:  (i)  Arscoicals;  {i)  Pin 
fuchsin;  and  (3)  Acid  azo-dycs  of  the  benzo-purpurin  series  (trypan  red  and  Wuf) 
TTicru  are  a  few  significant  exceptions  to  these  laws:  P\'roiun,  which  contains  no  ar«m^, 
induces  resistance  to  arsanilic  aid.     Arsenic  trioxid  does  not  render  the  trypanosom 
resistant;  bacteria  acquire  resistance  to  inorganic  arecnic.  and  are  then  also  resistant 
antimony  (H.  Marks,   1910).     The  arsenic  resistance  or  trN-panosomes  extendsonly 
animals,  and  can  not  l>c  demonstrated  in  vitro.     Ehrlioh  cxplams  this  by  lessened  avidi 
of  the  parasites  for  arsenic,  so  that  they  do  not  compete  with  the  tissue  for  the  arscnit 
This  diminution  of  arsenic  avidity  is  a  graded  process,  and  the  trypanosomes  ouy  be 
made  "fast"  cither  against  the  weaker  or  the  active  arsenicals. 

This  insusceptibility  is  preser\'ed  for  many  generations,  even  if  the  resistant  pan<ite 
is  passed  through  it  succession  of  hosts.  It  is  therefore  worse  than  useless  to  emplnr 
small  doses,  since  these  would  only  render  the  organism  less  susceptible  to  further  trtii- 
ment.  In  the  phraseology  of  Ehrlich,  one  must  aim  at  a  Tkrrapia  MagtM  Sterilinjtu. 
at  killing  all  the  protoju^a  \\'ith  a  single  massive  dose  of  the  antiseptic.  When  this  c&n 
not  be  done,  the  result  may  sometimes  be  attained  by  emplo>'ing.  simultaneousJy  or 
successively,  two  or  more  agents  belonging  lo  different  groups  {/.i.,  Atoxyl  and  merniry, 
Niercnstcin  and  Todd,  1907). 

Arseaic  in  Protozoan  Infections. — Arsenic  has  had  some  reputation  in  syphilis  ana 
the  times  of  Fallopius  (Hcrzfeld,  1911),  and  the  cacodylate  was  employed  in  this  diseaft 
by  Gautier  in  i8g6.  Arsenic  was  also  used  in  malaria  with  fair  success.  Thf«  in- 
stances were,  of  course,  entirely  empirical.  Experimentally,  Laveran  and  Meso3. 
1902,  found  that  arsenous  acid  causes  the  temporary  disap[*ea ranee  of  triTMnowmr 
from  the  blood  of  infected  mice.  It  has  also  been  tried  m  human  cases  (**  ^'" 
Reports,  21:223)  but  the  really  effective  dose  is  too  dangerous.  A  moresel 
parasitotropic  modification  was  found  by  H.  W.  Thomas,  1905,  in  Arsanihc  acid  ( 
This  compound  was  first  prepared  by  Bechamp  in  1S63,  and  its  general  actions 
\'estigateci  by  F.  Blumenthal.  1Q02.  It  was  then  used  as  an  arsenic  substitute  in  skin 
diseases,  anemias,  etc.  Its  toxicity  to  mammals  is  much  less  than  that  of  arsenic  triori'J, 
its  acutely  fatal  dose  being  some  forty  times  as  great.  It  proved  highly  efficacious  in 
mice  and  was  tried  extensively  in  human  sleeping  sickness,  especially  by  Robert  Koci, 
1907.  In  man,  however,  it  often  causes  severe  toxic  effects,  and  the  clinical  results 
have  not  come  up  to  expectation. 

Spirochete  Infections  and  Spiriltosis. — The  discovery  of  the  infect2^'e  azcnt  ot 
syphilis  by  Schaudinn  and  IIotTmann,  and  its  transmissibility  lo  monkeys  (Metchnikolf 
and  Roux)  and  to  rabbits  (BcrtarcUi,  Parodi),  opened  the  way  for  its  expcrimc^ui 
therapeutics.  After  a  scries  of  trials,  Ehrlich  and  Hata,  igio.  found  that  Dioxy-dUaiiiM'' 
arseno-bcniol  (Sal\'arsan)  was  highly  specific  against  spirochete  and  certain  other  pro- 
tozoan infections  in  animals.  In  human  syphilis,  the  re<(ults  have  not  been  quiu 
absolute,  but  more  rapid  than  with  the  old  forms  of  treatment. 
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SODIUM  CACODYLATE 

General  Statement. — The  effects  of  cacodylic  acid  (dimethylareciuc 
acid)  are  essentially  those  of  the  inorganic  arsenic,  to  which  it  is  partly 
reduced  in  the  6ody.     Since  this'reduclion  occurs  but  slowly,  the  aci 
is  more  prolonged  and  less  toxic,  and  the  local  irritant  eflfects  are  a 
It  has  therefore  some  advantage.     On  the  other  hand,  the  degree  of 
tion,  and  therefore  of  the  effect,  is  variable;  and  the  cacodylate, 
dally  when  given  by  mouth,  imparts  a  garlic  odor  (from  cacodyl  oii 
Asi(CHf)40),  to  the  breath,  sweat,  urine,  etc.    To  avoid  the  more 
reduction  in  the  stomach,  intestines  and  liver  (Heffter,  1901),  it  is  usuall 
administered  hypodermically  or  intramuscularly.     Excessive  doses  j> 
duce  toxic  symptoms,  due  mainly  to  the  ionic  arsenic  (SchuLc,  1879;  Hefiter, 
1901;  Dawes  and  Jackson,  1907),  although  the  cacodyl  molecule  may 
conceivably  play  a  part. 

Therapeutically  it  is  used  in  the  same  condition  as  inorgamc  arsenic 
The  dosage  is  from  0.025  lo  0.15  Gm.,  }4  to  aj^  gr.  per  day,  as  jwDs, 
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hypodermically,  as  a  freshly  prepared  warm  sterile  solution;  also  by 
enema.  In  syphilis,  Oppenheim,  1907,  and  J.  B.  Murphy  claimed  some 
success  (single  intramuscular  injection  of  2  to  4  ^.)\  i)ut  Cole,  1916, 
showed  it  to  be  inefficient  even  with  doses  that  produced  albuminuria  and 
hematuria  (intravenous  injection  of  0.5  Gm.  every  3  days  for  4  to  6  doses). 

Pate  of  Cacodylate. — A  part  is  excreted  unchanged  in  the  urine  (on  hypodermic 
injection,  6  to  10  per  cent..  Dawes  and  Jackson);  but  tlie  greater  portion  undergoes 
reduction,  first  to  the  volatile  cacodylic  acid,  and  a  small  part  finally  to  inorganic 
arsenic. 

A  bibliography  of  Cacodylate  is  given  by  dc  Biehler,  IQ07.  It  was  introduced  into 
therapeutics  mainly  by  Gautier,  189Q.  The  clinical  side  actions  are  discussed  by  Setfcrt, 
Nebenwirk.,  1915,  page  172. 

PREPARATION — CACODYLATE 

*Sodii  Cacodylas  (Sod.  Cacodyl.),  U.S. P. — About  73  per  cent,  of  sodium  dimcthyl- 
arscnatc.  Na(CHa)2/\sO|.  White,  deliquescent  prisms  or  granular  powder,  without 
odor  or  taste.  Very  sol.  in  water  (1:0.5);  freely  sol.  in  ale.  {1:2.$).  Dose,  0.06  Gm., 
I  gr.,  U.S. P.  in  pills,  hypodermically,  or  by  enemas.    Maximum  dose,  0.2  Gm.,  3  gr. 

SODIUM  ARSANILATE  (ATOXYL) 

General  Statement— This  salt,  CftHi(NH2)AsO  OH  ONa  (sodium 
aminophenyl-arsenaie),  may  be  derived  from  sodium  arsenate  by  replac- 
ing one  hydroxyl  by  anilin,  (It  was  at  first  believed  to  have  a  different 
constitution.) 

Under  the  dangerously  misleading  name  of  "Atoxyl"  (for  the  sub- 
stance is  quite  dangerous)  this  salt  has  received  considerable  prominence 
as  an  organic  form  of  arsenic,  effective  in  all  conditions  in  which  arsenic 
is  indicated;  especially  in  sleeping  sickness,  in  which  it  is  superior  to  other 
arsenicals;  and  in  syphilis  an3  other  protozoan  affections,  in  which  it  is 
inferior  to  arsphenamin  (Tomasczewski,  1908;  Greven,  1910). 

In  sleeping  sickness  it  causes  prompt  disappearance  of  the  trypanosomes  from 
the  blood,  but  tlicy  may  recur,  so  that  the  injection  must  be  repeated  every  seven  davs 
(R.  Koch,  1907,  Deut.  Med.  Wodienschr.,  33:1889.  This  paper  discusw,**.  also  the 
dctaOs  of  dosage  and  administration).  Kopkc's  (1906)  clinical  results  were  less  favor- 
able. The  parasites  become  gradually  resistant.  B.  Moore,  Niercnstein  and  Todd, 
igo7,  therefore  recoramended  alternation  with  mercury  which  acts  on  another  stage  of 
dc\'elopment  (Hodges,  1908), 

The  chief  objection  to  '*atoxyl**  is  the  fairly  frequent  occurrence  of 
loxic  effects,  especially  permanent  bljadness,  from  therapeutic  doses. 
Tbcse,  as  well  as  the  therapeutic  actions,  are  mainly  due  to  the  reduction 
products  which  are  formed  in  the  organism. 

Sodium  arsanilate  should  not  be  given  by  mouth,  since  it  would  be 
<iccomposed  and  rendered  more  toxic.  The  hypodermic  dosage  is  from 
0.02  to  0.2  Gm,  every  other  day.  The  injections  are  said  to  be  non- 
irritant. 

Toxic  Effects  of  Atozyl  in  Man. — Acute  symptoms  occur  especially  with  doses 
**cccding  0.5  (Jm.  They  rescmbtc  partly  those  of  ordinary  arsenic  pwisoning,  and 
^ftsist  in  nausea  and  vomiting;  colic,  vertigo,  general  weakness  and  somnolence;  neu- 
•ites,  pain  in  limbs;  deafness,  retention  of  urine,  sometimes  nephritis;  iritis,  and  not 
Iflcommonly  permanent  optical  atrophy  (Hallopeau,  1907;  l*'ordyce,  igii).  Chronic 
twboning  presents  the  ordinar>'  phenomena  of  chronic  arsenic  intoxication.  The 
^^Jinicil  side  actions  are  discussed  by  Seifert,  Nebenwirk.,  1915,  page  178. 

Optic  Effects  of  Atoxyl  (and  Arsacetin). — The  eye  symptoms  usually  appear  within 
«  few  weeks  Hn  Koch's  series  only  when  the  dosage  exceeded  0.5  Gm.).  They  begin 
m'th  sdntiltation,  cloudiness,  diminished  vision,  and  contraction  of  the  visual  field 
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(Fordyce,  1911).  The  anatomic  changes  in  ammata  vls  well  as  in  man  ( Birch -HinchltU 
and  Koster,  19x0)  show  degeneration  of  the  optic  nerve  and  retinal  ganglia,  the  rcUni 
being  the  more  susceptible.     The  cerebral  cells  are  also  injured. 

Inorganif  arsrnU  and  ca«>dyl  may  also  cause  optic  neuritis  (of  the  nicotin  (j-pc', 
but  only  vcr\' rarely  (SuLscr,  igii).     Salvarsan  does  not  seem  to  cause  the  optic  injun 

Protein  Metabolism. — Royd,  191 1,  found  in  two  human  cases  that  arsamlatc  Icsseaj 
the  excretion  and  causes  the  retention  of  nitrogen. 

Toric  Effects  of  Atoiyl  on  Animals. — The  acute  toxicity  of  atOT>'l  is  perhaps  on^ 
fortieth  of  that  of  inorganic  arsenic;  and  injections  have  no  acute  effects  on  Wood 
pressure.  However,  they  produce  chronic  effects  and  anatomic  lesions,  the  distribution 
of  which  varies  quantitatively  in  different  animals  (Tgershcimer  and  Itami,  itjoo):  dnji 
show  mainly  characteristic  renal  hemorrhages  with  sccondar>*  nephritis;  cats  exhibii 
mainly  ner\'ous  symptoms  with  histologic  lesions  in  the  brain  and  cord.  Rats  uul 
rabbits  are  intermediate.  The  distribution  of  the  arsenic  corresponds  with  the  dif- 
ferences in  effects.  In  cats,/.*.,  the  arsenic  is  found  mainly  in  tlie  nervous  system:  in 
dogs,  in  the  parench>'matous  organs  (Igersheimcr  and  Rothmann.  1911).  Mamrrab 
also  show  the  optic  degeneration,  both  on  local  and  systemic  administration,  (Thf 
toddty  of  atoxyl  has  also  been  investigated  experimentally  by  Gianni,  1908J 
In  frogs,  Sanno,  iQri,  found  that  the  toxicity  is  greatly  increased  by  raising  thtil 
temperature,  presumably  by  (avoring  its  transformation  into  more  toric  products  (AJ 
smilar  influence  is  found  with  colchicin.) 

Difference  in  the  Actions  of  Inorganic  Arsenic  and  Atoxyl. — The  atoxyl  effects  nia 
a  slower  course,  and  are  dcA'oid  of  the  local  actions  of  inorganic  arsenic  This  ml^ht 
be  due  simply  to  the  slow  liberation  of  ionic  arsenic.  Some  of  the  other  differences. 
such  as  the  optic  changes,  arc  more  characteristic.  They  might  be  attributed  to  tl>e 
distinctive  localization  of  the  arsenic.  It  is  possible,  however,  that  they  are  produfrd 
by  some  organic  decomposition  product.  Artificial  rctluctJon  products  are  much  mote 
to.Yic  than  the  ursanilate,  to  mammals  as  well  as  to  protozoa. 

Reduction. — Since  arsanilic  arid  is  itself  practically  non-toxic  to  lrypanoaomo.it 
follows  tliat  it  must  undergo  some  change  in  the  tissues.    The  d<^rcc  of  oecom 
and  therefore  the  efficiency  and  toxicity,  \'nr>'  in  different  animals.     The  dccom 
products  liavc  not  been  isolated,  but  it  is  probable  that  they  must  contain  the 
in  trivalcnt  form.     (Rothermundt  and  Dale,  ipia,  however,  believe  that  it  is  d 
trypanocidal.)     The  artificial  reduction  products,  which  var>'  according  to cgndillnftS 
&re  much  more  active  than  the  arsanilate,  and  pamminophenyl-arsenous  acid  Idlbth 
parasites  in  the  test-tube.     B.  T.  Terr>',  1012.  nas  found  that  emulsions  of  liver  lod 
otood  reduce  arsanilate  into  directly  effective  product*. 

Excretion.— After  a  single  dose  of  arsaniLite,  the  arsenic  is  ercreted  promptly  i»i 
exclusively  by  the  urine  (Croner  and  Seligmann,  igo?)*  With  contir^*!"'  -'^""""tn- 
tion,  the  excretion  is  somewhat  more  prolonged;  the  greater  part  Ic  '■^ 

days  (Simonot,  igio),  but  traces  continue  to  be  excreted  for  three  \.-  .nd", 

iQoi)).    The  effects  are  therefore  somewhat  cumulative.     A  small  part  leava  by  tk* 
feces.    Only  a  small  proportion  is  excreted  in  inorganic  form. 

A  relatively  large  part  of  the  ar^nilate  remains  for  a  long  time  uocbaaged  * 
the  blood  and  tissues  fSimonot,  iqio),  but  a  part  is  fixed  and  changed  in  the  ceflt 
The  cliaracleristic  distribution  in  different  animals  is  described  by  Igershdmtf  u^ 
Rothmann.  igcg. 

PREPARATIONS — ARSANILATES 
Sodii  Arsaniiat,  N.N.R.  (AloxvlV — Occurs  as  white,  odorless  crystals,  of  faiftfly 
salty  taste.  Readily  soL  in  water  (1:5  or  6).  Dose.  0.02  to  0.2  Gm.,  ^  to  jgt.  Im*' 
dermically  cver>''  other  day,  gradually  increasing  if  necessary  until  the  stn^  da* 
reaches  0.65  Gm.,  10  gr.,  and  until  a  total  of  6.5  Gm.  (100  gr.)  has  been  grvca.  It 
must  not  be  administered  by  mouth. 

^r50c«/m.— Sodium  acetyl     areanilate,     C,H,(NII  CH|C0)-\$0OHO\a  +  4^!^* 
Is  less   toxic  acutely   than   arsanilate,   and   is  highly  parasiticidol  in  mice.    In  ou^ 
however,  it  is  no  more  effective  than  the  original  substance,  and  is  equally  liablr  to  i-3ti* 
blindness  (J. A.M. A.,  1910,  54: 1559);  and  it  is  even  more  apt  to  produce  rtr 
(Borchers,  1910J.     Its  only  advantage  is  the  greater  stability,  so  that  it  can  ' 
without  decomposition.     The  dosage,  hypodcrmically,  is  o.i  to  0.5  Gm. 

Ehrlich,  1907,  noticed  that  some  mice  treated  with  arsacclin  acquire  the '.U'  - 
waltzing  habit. 

ARSPHENAMIN  AND  NEO-ARSPHEWAMIN 
Composition. — Arsphcnamin    (Salvarsan,  *'6o6/'     Arsenobenzot).   u 
diaminodihydroxy-arseno-benzen  hydrochlorid. 
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Arspkenamin  Base  and  Salts. — Arsphenamin  may  act  either  as  a  base  or  as  a  dibasic 
acid,  as  follows: 


As  =  As  As  "  As 


NH,V^    V^NHt  HQ-NHaX/    \/NH,.HCI 
OH      OH  OH      of 

Neutral  base  Dihydrochlorid 

As  ™  As  As  »>  As 


NH,'^    \/NHi  NH,\/    V/NH, 

OH     ONa  ONa    ONa 

MonoBodtum  salt.  Diaodium  salt. 

Neo  Arsphenamin  (Neosalvarsan  "914")  is  a  soluble  preparation,  viz.,  Sodium 
tr^henamin-methanal  sulphoxylate, 

As  —  As 


,.0  0, 


NH,\/    X/NH.CHrf).SONa 
OH       OH 

mixed  with  inert  inorganic  salts,  so  that  3  parts  of  neoarsphenamin  approximate  in 
arsenic  content  2  parts  of  arsphenamin. 

Ripeiimfffitwl  Results. — Tne  introduction  of  arsphenamin  was  the  direct  outcome  of 
the  chemo-therapeutic  studies  of  Ebrlich.  The  substance  was  prepared  by  Bertheim, 
and  tested  by  Ekrlich  and  Hata,  1910.  They  found  that  a  single  injection  of  a  harmless 
dose  freed  animals  completely  and  permanently  from  spirillosis  and  certain  other  proto- 
soan  infections,  including  syphilitic  spirochetes. 

W.  H.  Brown  and  Pearce,  19x6,  warn  against  the  transference  of  results  from  the 
protozoa  of  one  disease  to  other  diseases,  and  recommend  scrotal  syphilis  of  rabbits  as  a 
test  object. 

Spirochetal  CuUures. — These  are  killed  by  the  following  concentrations  of  antiseptics 
(Akatsu,  XQ17): 

Mercuric  chlorid i:xoo,ooo 

Arsphenamin i :     7,500 

Neo-arsphenamin i :     2,500 

Phenol X :     2,500 

Formaldehyd  (absolute) x:     x,8oo 

lodin  in  KI i:         75 

The  susceptibility  of  spirochetes  is  materiallv  greater  in  the  presence  of  enzymes 
From  the  liver,  and  especuilly  from  the  blood  (Bronfenbrenner  and  Noguchi,  19x3). 
Bacteria  are  generally  not  very  susceptible,  but  according  to  Roos,  X912,  arsphenamin 
is  directly  germicidal  to  anthrax,  even  in  living  animals.  It  is  ineffective  m  rabbits 
(Mejia,  X913). 

Drug-fastness  of  Spirochetes. — Various  species,  including  pallida,  by  continuous  cul- 
tivation in  poisoned  media,  acquire  rapidly  a  considerable  but  not  absolute  tolerance  to 
increasing  concentrations  of  arsphenamin,  mercuric  chlorid  and  iodin.  However,  this 
fastness  is  lost  completely  in  a  few  generations,  and  is  therefore  of  little  practical 
importance  (Akatsu  and  Noguchi,  X917). 

Therapeutic  Results  in  Man. — Arsphenamin  has  been  completely 
successful  in  4^ifljf sing  Jever_{lverseny  19 10),  in  frambesia,  and  in  yaws 
(Nichols,  1910).  The  degree  of  its  usefulness  in  tertiary  malaria,  sleeping 
sickness,  and  certain  other  protozoan  infections;  and  in  leprosy  and  pella- 
gra is  undecided.  Wadhams  and  Hill,  1913,  have  used  it  successfully  in 
a  few  cases  of  amebic  dysentery.  It  has  been  tried  as  a  substUuie  for 
ordinary  arsenic j  in  skin  diseases,  pernicious  anemia,  as  a  tonic,  etc.,  but 
without  serious  advantage. 
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Results  in  Hunum  Syphilis. — Arsphenamin  has  proved  remarkably 
successful,  although  it  has  not  fulfilled  the  original  hope  of  complete  cure 
by  a  single  injection.  The  conditions  are  evidently  not  as  simple  as  in 
experimental  animals. 

Early  Lesions, — Complete  success,  similar  to  that  in  animals,  occurs 
only  in  specially  favorable  conditions,  when  it  is  injected  during  the  pri- 
mary stage,  the  initial  focus  being  excised  or  destroyed  by  local  mercurial 
treatment.  Ordinarily,  the  spirochetes  begin  to  disappear  in  a  few  hours 
from  the  chancre  and  condylomata,  and  are  completely  absent  in  one  or 
two  days;  however,  they  generally  reappear  after  a  time.  In  this  way, 
arsphenamin  abolishes  promptly  the  main  dangers  of  contagion — a  very 
important  advantage.  Its  efficiency  is  in  direct  ratio  to  its  early  use,  and 
its  principal  field  is  in  the  primary  stage,  where  its  use  prevents  the  devel- 
opment of  secondary  symptoms  and  of  positive  Wassermann  reaction. 

LcUer  Active  Stages. — In  these,  it  still  produces  very  marked  but  tem- 
porary effects,  a  single  injection  often  equalling  months  of  mercurial 
treatment.  Complete  disappearance  of  the  syphilitic  symptoms  is  tbe 
rule.  Suriace  lesions  and  ulcers  especially  are  repaired  with  astonishing 
rapidity.  Malignant  cases  and  those  which  have  resisted  mercury  may 
cede  promptly  to  the  arsphenamin.  However,  even  these  striking  results 
are  almost  always  followed,  after  a  time,  by  relapses,  so  that  the  treatment 
must  be  repeated,  or  supplemented  by  mercury.  In  a  few  cases  ar^ben- 
amin  fails  completely;  presumably  the  spirochetes  are  in  some  region  which 
is  difficultly  accessible  to  the  drug.  In  general,  the  older  the  infection, 
the  less  is  the  efficiency. 

Arsphenamin  is  very  effective  in  those  late  lesions  that  are  "active," 
i.e.j  gummatous  and  periosteal  (Fordyce,  1916);  especially  those  which 
have  been  long  treated,  and  unsuccessfully,  with  mercury  and  iodid. 

In  parasyphilitic  conditions  (tabes,  general  paresis,  etc.)  arsphenamin 
is  usually  ineffective,  although  it  sometimes  produces  striking  improve- 
ment. It  is  worth  trying  at  the  very  start  of  the  symptoms.  In  syphi- 
litic aortitis,  arsphenamin  and  mercury  rarely  give  more  than  tcmporan* 
relief  (Longcope,  1914). 

Hereditary  syphilis  has  been  cured  through  the  milk,  by  injecting  the  nune;  and 
congenital  syphilis  by  injection  of  the  mother.  Arsenic  has  been  found  in  thepUcenU. 
but  it  is  doubtful  whether  it  is  transmitted  to  the  fetus.  ^mJ-j^m^.  -' '     '**-'.• 

Wassermann  Reaction. — The  efficiency  of  arsphenamin  is  rcflecfed  in 
the  Wassermann  reaction:  In  a  few  of  the  most  favorable  cases,  this 
becomes  and  remains  permanently  negative  after  a  single  injection. 
Much  more  commonly  there  is  no  change  for  some  five  da3rs,  when  it 
generally  becomes  negative!  This  negative  reaction  is  not  lasting,  but 
returns  in  a  short  time  to  positive.  It  may  then  be  again  suppressed  by 
further  treatment.  Lesser,  1911,  considers  the  cure  incomplete  until* 
permanent  negative  reaction  is  obtained.  In  less  favorable  cases,  the 
Wassermann  reaction  is  not  altered,  although  the  symptoms  may  be 
greatly  improved.  It  is  claimed  that  in  a  few  a  temporarily  n^ti*^ 
reaction  may  even  be  roused  to  a  positive  one;  but  this  is  doubtful  (J-  ^• 
King,  1916). 

Possibility  of  Permanent  Cure. — There  is  now  little  doubt  that  suitable 
cases  are  cured  by  sufficiently  large  and  repeated  doses,  especially  when 
alternated  with  mercury. 
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The  "clinical  cure"  docs  not  necessarily  mean  the  complete  eradication  of  the 
organisms.  Warthin.  191H,  asserts  that  syphilis  is  nc^'cr  cured  in  the  absolute  sense; 
that  treatment  suppresses  the  active  forms,  but  leaves  surviving  spirochetes.  These 
tak<  up  a  symbiotic  existence  in  which  they  cause  no  gic&l  damage,  but  only  a  slight 
though  constant  irritation.  The  irritative  foci  arc  healed,  one  after  another,  by  ftbrosis. 
However,  llie  tissue  is  damaged,  and  the  patient  eventually  dies  of  myocarditis,  aortitis, 
nervous  lesions,  or  simitar  changes  almost  anywhere  and  everywhere. 

Advaniai^e  over  Other  Arsenicals. — The  curative  action  of  arsphenamin 
is  also  shared  by  all  other  arsenic  compounds,  hut  it  possesses  the  practical 
advantage  that  the  efTcctivc  doses  tan  be  introduced  with  much  greater 
safety. 

Advantage  over  Mercury. — The  relative  advantages  of  mercur>'  and 
arsphenamin  are  rather  evenly  balanced,  so  that  arsphenamin  has  supple- 
mented, rather  than  displaced,  the  older  drug.  Its  main  advantage  is 
the  much  more  rapid  action,  wliich  brings  the  disfiguring  or  dangerous 
lesions  (especially  of  the  mucosa?)  under  prompt  control,  limits  contagion, 
and  is  highly  important  in  malignant  cases.  The  second  advantage  is 
that,  in  combination  with  mercury,  it  is  more  efficient  than  this  drug 
alone  or  with  ioilids.  It  has  a  special  field  in  cases  in  which  mercury 
is  ineffective  or  not  tolerated. 

Disadvantages  of  Arsphcfuimin. — These  involve  partly  the  inconven- 
jgpcfi-  expense^ Joaa-  of  time,  relatively  compltcaled  technic,  and  pain  of 
its  administration,  certain  special  contraindications,  and  the  not  infrequent 
occurrence  of  more  or  less  toxic  side  effects.  The.'ie  are  also  produced  by 
Neoargphenamin  (Wolff  and  Muizer,  191 2).  Fatalities  and  permanent 
injury,  howevxr,  are  so  infrequent,  if  proper  precautions  are  employed, 
that  they  do  not  seriously  interfere  with  the  usefulness  of  arsphenamin. 

Comparison  of  Arsphenamin  and  Neoarsphenamin.—\x.  is  still  doubtful 
which  of  these  drugs  is  superior.  (Indeed,  the  advantages  appear  pretty 
evenly  balanced.)  The  neoarsphcnamin  has  the  advantage  of  easy 
solubility,  and  therefore  simpler  technic.  However,  it  is  more  readily 
decomposed,  and  the  products  are  more  toxic,  but  not  as  effective.  Some 
believe  that  arsphenamin  is  more  efficient  (Whitehouse  and  Schuyler, 

IW  Nelson  and  Haines,  IQ14). 
Tie  dinkal  residUt  are  similar  for  both.     Serologically,  arsphenamin  appears  more 
ent.     It  is  more  fretiuently  followed  by  undesired  reactions  (Ormsby,  igi?)- 
rlxprrimfHitiily.  neoarsphcnamin  is  more  likely  to  produce  pathologic  lesions  and 
impaired  vitality.     The  minimal  fatal  dose  is  irregular,  even  in  the  same  species  (L. 

Irce  and  Brown.  1917).  Opinions  dider  as  to  llie  relative  local  irritation. 
Direct  Local  Irritation. — Intramuscular  and  subcutaneous  injections 
of  acid  solutions  cause  very  severe  local  and  neuralgic  pains,  i>ersisting 
for  several  hours  or  days.  These  are  due  mainly  to  the  acidity,  and  arc 
very  much  less  with  the  neutral  suspensions.  However,  even  with  the 
latter,  and  with  neosalvarsan  solutions,  there  is  more  or  less  swelling  and 
infiltration,  lasting  one  or  two  weeks;  and  sometimes  necrosis,  infection, 
or  abscess  formation.  H.  E.  Robertson,  igi.^,  describes  severe,  slowly 
healing  destructive  lesions,  often  complicated  by  hemorrhages  and  slough- 
ing abscesses.  Sometimes  the  injections  are  not  absorbed  (due  to  local 
thrombi,  Loehe,  1Q13;  Takahashi,  1914),  so  that  the  deposit  may  remain 
indefinitely.    Arsphenamin  always  leaves  an  insoluble  yellow  pigment. 
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which  acts  as  a  foreign  body  (Robertson).  During  the  in^aoenous  inje- 
lions  there  is  often  intense,  but  fleeting  p>ain  in  the  shoulder  (endocardial 
irritation?).  ^ 

Acute  Effects  in  Animals. — ^These  resemble  ordinary  arsenic  poison- 
ing superficially,  although  the  immediate  effects  are  probably  molecular. 
They  result  in  fall  of  blood  pressure  (mainly  cardiac),  renal  irritation, 
anatomic  parenchymatous  lesions,  and  nervous  phenomena.  Ionic 
arsenic  may  play  a  part  in  these  late  phenomena. 

Circulation. — The  effects  vary  with  the  reaction  of  the  solution  as  well  as  with  the 
dose,  concentration  and  rapidity  of  the  Injection. 

Under  conditions  corresponding  to  those  of  the  clinical  use^  there  is  pxactkmlly  do 
immediate  effect  on  the  circulation  (intravenous  injection,  anesthetized  dogs,  monoso- 
dium  salt,  xo  mg.  i>er  Kg.,  2  per  cent,  or  less,  injected  over  several  minutes). 

If  the  dosage  is  increased,  or  the  injection  accelerated,  definite  effects  appear. 
These  consist  of  slight,  but  gradually  progressive  dilation  of  the  heart,  rise  of  j>ressart 
in  the  pulmonary  artery,  and  slow  fall  of  systemic  blood  pressure.  If  the  injectioQ 
is  fa£i(l»  the  fall  is  more  sudden,  with  partial  recovery. 

The  mechanism  of  these  effects  is  not  quite  clear.  The  cardiac  depression  is  evi- 
dently the  main  factor.  This  is  further  aided  by  disproportion  between  the  systemic 
and  pulmonary  circulation;  the  pressure  in  the  pulmonary  artery  being  sometintes 
doubled  when  the  carotid  pressure  has  fallen  to  half.  The  changes  in  organ-volame 
are  variable,  indicating  the  complexity  of  the  effects.  Generally,  Uie  spleen  and  intes- 
tines are  dilated,  the  kidneys  contracted  (D.  E.  Jackson  and  Smith,  19x8).  The  vessels 
of  frogs  are  constricted  (Luithlen). 

Cardiac  Action. — Excised  hearts  are  depressed.  This  cardiac  action  is  the  common 
cause  of  acute  fatalities.  The  cardiometer  may  show  cardiac  dilation  even  when  the 
blood  pressure  does  not  fall,  the  vasoconstriction  compensating  for  the  weakening 
(Luithlen,  1913).  The  effects  are  greatly  influenced  by  the  concentration  and  reac- 
tion. Acid  solutions  are  especially  fatal  to  the  heart,  but  even  alkaline  solutions  render 
it  more  susceptible  to  strain  (Auer,  iqii).  The  fall  is  greater  when  tricuspid  insuffi- 
ciency exists,  but  not  with  aortic  insufficiency  (Alwens,  X913). 

Hemolysis. — According  to  Corridi,  isotonic  solutions  of  neoarsphenamin  or  add 
solutions  of  arsphenamin  are  not  hemolytic,  but  alkaline  solutions  dissolve  the  cci- 
puscles.  He  prefers  neosalvarsan  in  0.4  per  cent.  NaCl  to  watery  solutions  for  intn- 
venous  injections,  but  these  must  be  used  promptly  or  oxidation  will  occur  (denoted 
by  brown  color  and  turbidity). 

Leucocytes. — Rabbits  show  at  first  leucopenia,  follow^  in  several  hours  byleococy- 
tosis.  especially  of  neutrophile  polynuclears  (Corridi,  1Q12). 

Muscle  arid  ^erve. —Joseph,  191  x,  found  that  the  excitability  of  frog's  muscle  b 
abolished,  both  in  acid  and  alkaline  solutions,  but  the  action  occurs  only  slowly,  and  re- 
quires high  concentrations. 

Clinical  Effects  on  Circulation. — Occasionally  there  are  severe  reactions  (Bonit 
191 2),  but  usually  doses  of  0.3  to  0.6  Gm.  produce  only  slight  and  inconstant  changes 
of  blood  pressure.  The  heart  rate  shows  sught  but  lasting  increase.  There  may  bet 
temporary  diuresis.  The  erythrocytes  are  temporarily  mcreased.  RoUeston,  X9i5< 
finds  that  neosalvarsan  injections  are  generally  followed  by  a  fall  of  systolic  (avtfage 
16  mm.)  and  diastolic  (13  mm.)  pressure.  The  formation  of  white  corpuscles  (eroedaDy 
neutrophiles)  is  stimulated  (Rzentkowski,  1911).  Heden,  1913,  describes  a  oecrcase 
of  hemoglobin. 

Lethal  Dose.— According  to  animal  experiments,  arsenic  in  the  form  of  ai^dieoi- 
min  is  about  one-seventh  (one-third  to  one-fourth,  Luithlen,  1913)  as  toxic  as  in  inor- 
ganic form  (Kochmann,  1912).  The  fatal  intravenous  dose  for  rabbits  would  conr 
spond  for  man  to  about  5  or  6  Gm.,  or  ten  times  the  therai>eutic  dose,  z  Gm.  has  bets 
given  clinically  without  serious  results.  The  acute  toxicity  of  neoarsphenamio  i* 
stated  as  about  half  as  high  (Kerstner,  1912). 

Solutions  of  arsphenamin  in  serum  are  much  less  toxic  to  rabbits  than  are  watoy 
solutions  (Roick,  19x5). 

Influence  of  Concentration  and  Reaction  of  Arsphenamin  Solutions. — The  conceitn- 
tion  of  the  solutions  does  not  influence  the  toxicity,  when  alkaline  solutions  are  injected 
into  rabbits;  a  moderate  excess  of  alkali  is  also  immaterial.  Acid  solutions  are  ncarir 
t^Wce  as  toxic  as  are  neutral  or  alkaline  solutions  (intravenously  for  rats);  and  «it° 
acid  solutions,  the  toxicity  increases  with  the  concentration  (Scnamberg  et  aL,  1917)- 
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Bio-assay. — Absolute  purity  of  arsphenamin  and  neoarsphenamin  is  commerdally 
unattainablc.  All  samples  contain  some  inorgaDic  and  other  arsenic^  which  is  many 
time*  more  toxic.  I.ifc-tesls  are  needed  to  set  a  limit  to  these  impunties.  These  are 
made  at  the  factories,  and  controlled  by  the  government,  about  as  in  the  case  of  serums. 

According  to  the  U.  S.  Hygienic  Laboratory  Standard,  rats  must  survive  at  least  loo 
mg.  of  arsphenamin^  or  200  mg.  of  neoarsphenamin  per  Kg.  (details  in  N.N.R.).  G.  B. 
Roth,  igiS,  found  no  de&nite  difference  between  tnc  commerdal  samples  of  domestic 
and  foreign  manufacture. 

It  must  be  t>ome  in  mind  that  rabbits  and  rats  show  quite  marked  individual  ^aria- 
Uons  of  susceptibility. 

Clinical  Toxicity. — Some  degree  of  systemic  reactions  occurs  in  ^^  to 
15  per  cent,  of  all  injections.  They  are  annoying  and  alarming,  but  not 
often  dangerous. 

Wechselmann,  XQi4)  has  collected  reports  of  140  fataUlies.  He  is  inclined  to  at- 
tribute  these  mostly  to  the  arsphemimin  itself,  acting  on  some  pathologic  condittous, 
usually  renal.     This  interpretation  is  not  universally  accepted. 


The  following  arrange- 
(nitritoid) 


Grouping  of  Clinical  Arsphetuimin  AccidetUs 
ment  is  convenient: 

A.  Immediate:    (few    minutes). — Anaphylactoid    collapse 
symptoms. 

B.  Early:  (start  in  i  to  4  hours). — Febrile  course.     Skin  reactions. 

C.  Late:  (after  24  hours), — 

1.  Febrile 

2.  Herxheimer 

3.  Arsenical 

D.  Severe  late  (about  3  days). — 

1.  Cerebral  T>'pe. 

2.  Icteric  Type. 

E.  Neurocurrences. 

Group  A:  Immediate  Toxic  "Nitritoid"  Reactions. — The  early  reac- 
tions bear  a  general  resemblance  to  vasodilation  ("vasop>aresis*');  the 
milder  grades  to  nitrite  action;  the  severer  grades  to  anaphylactic  reaction 
(Swift,  1912). 

Symptoms. — These  start  during,  or  within  a  few  minutes  after  intra- 
venous injection.  There  is  a  burning  ethereal  taste;  flushing  of  the  face; 
injection  of  the  conjunctiva;  edema  of  the  tongue  and  eyelids;  anxiety, 
nausea  and  vomiting;  then  profuse  perspiration.  Cough  and  dyspnea, 
cyanosis  and  precordial  distress  arc  sometimes  present.  The  pulse  is  full 
at  first,  then  weak,  with  a  pallid  skin.  In  severe  cases,  there  is  uncon- 
sciousness, with  scarcely  perceptible  pulse.  Occasionally  there  are 
attacks  of  severe  lumbar  pain  during  the  injection. 

These  symptoms  may  disappear  in  t:^  to  V^  hour;  or  they  may  be 
followed  by  those  of  Group  li  (Fordyce,  1916,  Schamberg  et  al.,  191 7). 
The  immediate  symptoms  rarely  are  dangerous.  Even  actual  collapse 
(which  is  said  to  be  more  frequent  after  the  second  dose),  usually  ends  in 
rapid  recovery,  very  rarely  in  death  (Tomasczewski,  1913). 

Causes  of  the  "Nilritotd  Reactions." — These  have  been  attributed  to  a 
hypothetical  impurity  "X;"  to  a  "colloidal  action,^'  precipitation  or 
**  anaphylaxis;"  to  the  liberation  of  arftemcions;  to  the  formation  of  hypo- 
•^hetical  decomposition  products;  and  to  special  susceptibility  to  the 
Arsphenamin  as  such.  The  latter  is  the  most  probable  explanation.  The 
susceptibility,  however,  depends  partly  on  the  conditions  of  administra- 
^on,  partly  on  the  patient. 
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"Reactions'*  occur  in  J^  to  perhaps  5  per  cent,  of  the  administrations; 
the  relative  frequency  depending  mainly  on  the  conditions  of  administra- 
tion; especially  on  giving  the  drug  with  the  stomach  empty,  and  having 
the  patient  rest  for  an  hour  or  more  after  the  administration.  The  rate 
of  injection,  and  the  proper  alkalinization,  are  also  important  factors. 
However,  a  few  patients  react  invariably  even  with  the  most  careful 
technic. 

Idiosyncrasy. — Individual  susceptibility  varies  considerably  in  animals,  and  doubt- 
less plays  a  part  in  clinical  poisoning;  but  is  not  believed  to  be  a  very  important  element 
(Schamberg  et  al,,  191 7). 

Patients  with  tubercular  lesions  react  more  frequently  (Stokes,  XQip)* 

RoU  of  Impurities. — It  has  been  observed  that  certain  lots  of  drugs  produced  an 
especially  large  number  of  "reactions"  This  suggested  that  a  special  unidentified 
impurity  "X"  is  responsible  (Schamberg  et  al.,  X917,  Stokes,  1919).  It  is  conccivaUe 
that  this  explanation  holds  for  these  special  instances;  but  the  large  majority  of  nitritoid 
reactions  seems  to  have  no  relation  to  special  batches  of  the  drug. 

In  support  of  his  contention,  Schamberg  points  out  that  arsphenamin  is  a  very  com- 
plex substance,  its  preparation  involving  many  intermediate  stages,  whose  parity  in- 
fluences  the  final  procluct.  The  impurities  cannot  be  removed  by  recrystallizatioo. 
An  absolutely  pure  product  is  therefore  not  practically  attainable,  and  different  samples 
will  vary.  The  purest  commercial  samples  contain  ^oii  per  cent,  of  "arsenoxid"  {see 
under  decomposition)  which  was  claimed  to  be  many  times  more  toxic  than  ar^be- 
namin;  and  varying  quantities  of  other  arsenical  compounds,  of  different  toxicity. 
Each  batch  must  therefore  be  tested  on  animals. 

Jackson  and  Smith,  1918,  however,  throw  some  doubt  on  the  feared  toxicity  of  the 
intermediary  products.  Those  that  they  examined  were  considerably  less  toxic  thin 
arsphenamin. 

Decomposition, — Even  dry  arsphenamin  and  neoarsphenamin  oxidize 
very  readily  on  contact  with  air.     The  oxidation  products  may  be  mudi 
more    toxic,    as   for   instance    *'arsenoxid"    (amino-oxyphenylarsenoxid 
AsO 


A 


NHa,  Ehrlich  and  Bertheim,  191 2).     This  is  said  to  be  twenty  times 
\/as  toxic  as  arsphenamin. 
O2 

The  dosage  forms  are  therefore  marketed  in  sealed  air-free  tubes. 
The  contents  of  a  tube  should  be  used  at  once  after  opening  and  under  bo 
circumstances  should  the  contents  of  a  tube  damaged  in  transportatioii 
or  any  remnants  of  the  powder  from  previously  opened  tubes  be  used. 

Solutions  of  the  drugs  also  oxidize  very  rapidly,  especially  when  alka- 
line. The  oxidation  products  vary  and  may  be  either  more  or  less  toxic 
than  arsphenamin  (Schamberg  et  aL,  1917). 

Neoarsphenamin  decomposes  gradually  even  in  the  ampuls;  sometimes 
in  a  few  weeks  (Roth). 

Precipitation  and  Anaphylaxis. — Arsphenamin  sometimes  precipitates  the  Uood 
serum,  and  it  has  been  suggested  that  these  precipitates,  or  colloidal  aggr^EatessomeiriBt 
short  of  actual  precipitation,  produce  anaphylactoid  reactions  nmilar  to  those  piodaced 
by  chemically  indifferent  colloids  such  as  agar.  However,  careful  comparison  of  the 
phenomena  in  the  two  cases  shows  that  they  differ  fundamentally  (HanzUk  and  Kanaer, 
1920). 

McKee,  igi2,  pointed  out  thht  add  solutions  of  arsphenamin  precipitate  bkiod 
serum,  and  suggested  this  as  an  explanation  of  the  reactions.  However,  add  Alutiotf 
are  now  rarely  used.  Danysz,  1917,  claimed  that  plasma  predpitatesanpfaoiaminbue 
in  colloidal  form,  even  from  alkaline  solutions,  the  precipitation  being  more  ezteosiw 
the  lower  the  alkalinity  of  the  solution.  He  also  attributes  the  nitritoid  reactiouto 
this  precipitate.  Berman,  19x8,  states  that  the  serums  of  patients  susceptlt^  toresc- 
tion  give  neavy  precipitation  with  aUcaline  arsphenamin  solution;  whilst  non-cusc^tfldt 
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patients  give  at  most  an  opalesence.     The  susceptibility  of  the  patient  could  therefore 
be  predicted  by  a  test-tube  experiment.     These  stalemcfita  need  confirmation. 

Attempts  to  induce  anaphylaxis  in  guinea  pigs  by  sensitizing  injections  of  arsphe- 
namin  have  generally  been  unsuccessful  (Berman), 

Precipitation  of  Blood.  —Joseph,  tQii,  observed  that  acid  (not  alkaline)  solutions, 
above  o.z  per  cent.,  precipitate  blood,  in  the  vessels  as  well  as  in  the  test-tube.  The 
quantity  and  coarseness  of  the  precipitate  depend  upon  the  concentration  of  the  solu- 
tion, not  upon  the  quantity.  In  living  animals,  the  precipitate  docs  not  pass  the  pul- 
monary circulation.  With  0.3  per  cent,  solution,  the  precipitate  is  so  fine  as  to  be  barm- 
less,  but  with  2  per  cent,  it  may  cause  fatal  pulmonary  embolism. 

Relation  to  Repetition'of  Dosage. ^Nitritoid  crises  may  occur  with  the  first  injection ; 
or  they  set  in  with  later  injections.  Once  they  mulce  their  appearance,  the  susceptibility 
seems  to  persist  for  all  later  injections  [Berman,  iqiq). 

Tuberculosis  seems  to  increase  the  probability  of  reaction  (Stokes,  igig)- 

Treatment  of  Nitritoid  Reactions. — The  resemblance  of  the  symptoms 
to  those  of  anaphylaxis  and  nitrite  poisoning  suggested  the  use  of  epine- 
pkrin,  as  prophylactic  (i  mg.  intramuscularly  a  few  minutes  before  the 
arsphcnamin)  and  for  treatment  (^  -2  to  i  mg.  by  vein).  Apparently  good 
results  have  been  reported  (Berman,  igi8;  Beeson,  iqiq);  but  patients 
hj'persusceptible  to  arsphenamin  are  sometimes  also  hypersusccptible  to 
epinephrin;  and  the  eflFects  of  the  latter  may  be  as  alarming  as  those  of 
arsphenamin  (Stokes,  1919;  Cole). 

Stokes  (1919).  also  claims  successful  prophylaxis  from  atropin  (img.);or  by/raf/«w- 
aied  injection,  giving  ^'Jy  of  the  arsphenamin  aji  hour  before  ine  remainder  of  the  dose. 

Group  B :  Early  Toxic  Reactions. — These  are  quite  common.  They 
start  within  one  to  four  hours,  with  chill  and  febrile  symptoms,  headache, 
nausea,  and  vomiting  and  diarrhea,  of  greatly  varying  severity.  The 
temperature  is  usually  between  100  to  io3°F.  Occasionally  there  are 
severe  pains  in  the  legs  or  back. 

These  reactions  also  need  not  cause  alarm  (Ormsby,  IQ17).  The 
symptoms  usually  cede  in  12  to  24  hours,  leaving  some  lassitude  and 
weakness.  More  rarely,  the  temperature,  vomiting  and  diarrhea  may 
continue  for  several  days.  In  some  cases,  the  urine  is  scanty  and  contains 
albumen  and  casts  (Schamberg  et  al.,  1917). 

Cause  of  the  Febrile  Reactions,  Water  Contamination. — Febrile  reactions  are 
especially  marked  in  the  presence  of  infections,  even  if  slight  (Wcchselniann,  1910),  or  if 
stale  distilled  water  is  usea(Wechselmann,  ioii;Swiftand  Ellis,  iQti).  Khrlich  assumed 
that  the  bacterial  products  sensitize  the  bod}' to  arsenic.  Neisser,  igio,  attributed  the 
reaction  to  the  destruction  of  the  spirochetes.  Perhaps  the  most  probable  explanation 
is  that  of  Luithlen  and  Mucha,  1913,  namely  a  destructive  action  of  arsphenamin  on 
pathologic  tissues. 

Kidney  Involvement — This  has  been  claimed  to  be  more  frequent  in 
the  mixed  arsphenamin-mercury  treatment.  Most  clinicians,  however, 
do  not  consider  this  mixed  treatment  as  especially  dangerous  (Fordyce, 
1916). 

Skin  Eruptions. — These  may  appear  in  a  few  hours  to  several  days,  and 
are  of  various  types.  The  most  common  arc  urticarial,  scarlatinoid  and 
morbilliform  erythemas;  or  rarely  purpura.  Sometimes  there  is  only 
itching. 

The  eruptions  generally  subside  in  a  day  or  two.  Later  and  more  persistent  erup- 
tions may  occur  6  to  10  days  after  administration;  more  commonly  after  intravenous 
injection  (Schamberg  el  al.,    191  ?)■ 

Hemorrhagic  Purpura. — Cases,  some  fatal,  are  reported  by  Labbe  and  l.angloss, 
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Group  C:  Late  Toxic  Symptoms. — Several  varieties  of  intoxication 
may  develop  after  24  hours. 

Delayed  Reactions. — These  resemble  Group  B,  except  that  they 
develop  more  slowly. 

Reaction  in  Luetic  Tissue  and  Skin. — The  luetic  lesions,  espedally 
of  the  trunk,  often  show  a  bright  red  .erythema  ("Jarish-Herxheimcr 
reaction")-  These  phenomena  set  in  early  and  last  only  a  few  days. 
Generally  they  cause  little  inconvenience;  but  it  is  conceivable  that 
analogous  reactions  in  cerebral  or  hepatic  gummas  might  be  immediately 
dangerous. 

la  case  of  gummas  in  such  situations  it  is  safer  to  precede  arsenic  by  a 
course  of  mercury  and  iodid. 

This  type  of  reaction  (which  may  also  occur  with  mercury  alone)  has 
been  attributed  to  the  liberation  of  luetic  toxins,  while  the  late  "neuro- 
recurrences"  are  ascribed  to  the  more  vigorous  activity  of  surviving 
spirochetes.    The  explanation  is  more  or  less  hypothetical. 

HetaboUsm. — The  effects  resemble  arsenic  (Postoiev,  19x2).  Syphilitic  patients, 
under  treatment  show  some  nitrogen  loss  on  the  day  following  tne  injection;  otherwise 
the  changes  are  inconstant  (Cappelli,  1911). 

Group  D :  Severe  Late  Intoxications. — Occasionally,  severe  and  ev-en 
fatal  reactions  occur  about  3  days  after  administration,  with  phenomena 
referable  either  to  the  brain  or  liver. 

Parenckymalotis  Degeneration. — Fatty  and  necrotic  changes  are  of  inconstut 
occurrence,  clinically  and  in  animab.  They  resemble  ordinary  arsenic  lesions,  invoh% 
especially  the  liver  (acute  yellow  atrophy);  then  the  kidneys,  heart,  nervous  system 
(encephalitis  hemorrhagica)  and  spleen  (Busse  and  Merian,  19x2;  Morel,  Mouriguud 
and  PoUcard,  19x2;  Schlasberg,  kidney,  19x2;  Schirogorow,  1913.  Mucha  and  Ketnn, 
X912,  claim  that  even  small  doses  damage  the  renal  vessels  and  glomeruli).  The  in- 
testines may  also  show  hemorrhagic  and  inflammatory  changes  (Saccone,  1912).  TIk 
lesions  occur  especially  after  repeated  injection,  and  are  increased  by  combination 
with  mercury,  uranium,  epinephrin  or  Roentgen  treatment  (Luithlen,  1913;  A.  Loevy 
and  Wechselmann,  1913). 

Luithlen  emphasizes  the  greater  toxicity  of  arsphenamin  to  animals  which  have  been 
subjected  to  these  vascular  injuries,  and  believes  them  analogous  to  the  Herxheimff 
reaction;  i.e.,  that  this  is  a  specific  effect  on  vessels  previously  injured  by  the  luetic 
process. 

Nervous  Phenomena. — ^v.  Marschalko  and  Veszpremi,  1912,  found  multiple  hemor- 
rhages and  thrombi  in  the  brain,  with  symptoms  corresponding  to  the  encepkalitk  Vj^ 
of  dinical  salvarsan  poisoning. 

Cerebral  Type. — This  occurs  especially  after  large  doses,  or  whfli 
ordinary  doses  are  given  in  close  succession.  The  symptoms  consist  in 
headache,  weakness,  vomiting,  muscular  twitching,  epileptiform  convul- 
sions, suppression  of  urine,  dilation  of  pupils,  absence  of  reflexes,  costt 
and  death  in  3  or  4  days.  Paralytic  symptoms  may  be  observed  (Chiari, 
1913).  Identical  effects,  with  fatal  ending  and  autopsy  lesions  typkal 
for  arsenic,  have  been  witnessed  on  non-luetic  patients  (Lube,  1914). 

The  necropsy  generally  shows  edema  of  the  brain  or  encephalitis  hemorrhagia,  often 
also  degenerative  parenchymatous  changes  in  the  kidneys,  uver,  heart-musde,  spleen, 
etc.  (Busse  and  Merian,  1912;  Tomasczewski,  1913;  Corlett,  1913). 

Laredde  and  Jamlin,  1914,  attribute  most  cerebral  accidents  to  Herxheimer  reactiofi- 
Others,  however,  assume  direct  toxic  actions.  This  is  favored  by  their  relation  to  tht 
dosage. 

Icterus. — Rather  exceptionally,  the  syndrome  of  jaundice,  generally 
accompanied  by  fever,  may  appear  from  3  days  to  several  weeks  after 
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treatment-  It  occurs  usually  only  after  several  intravenous  injections 
(one  or  two  courses).  The  symptoms  start  with  sudden  intense  jaundice. 
Some  recover,  others  run  rapidly  to  a  fatal  ending,  with  vomiting  hemor- 
rhagic phenomena  in  the  viscera,  tubular  nephritis,  and  the  general  typical 
symptoms  and  autopsy  findings  of  acute  yellow  atrophy  (Severin  and 
Ueinrichsdorf,  191 2). 

Fischer,  1915,  attributes  this  to  the  syphilis  and  not  to  the  drug.  However,  the 
liver  changes  might  also  be  due  to  the  direct  effects  of  arsphenamin,  or  to  Herxheimer 
reactions. 

Group  E :  Neuro-recurrences. — Sometimes  arsphenamin  injections  are 
followed,  after  an  interval  of  weeks  or  months,  by  severe  nervous  mani- 
festations— epileptiform  convulsions,  acoustic,  more  rarely  optic,  facial, 
and  other  neurites.  These  do  not  appear  to  be  due  (.0  Uie  arsenic,  for 
similar  effects  may  occur  in  mercurial  treatment,  and  they  cede  on  further 
salvarsan  or  mercury  medication.  Elirlich,  191 1,  attempted  to  explain 
them  by  the  incomplete  destruction  of  the  parasites,  those  which  escape 
being  then  less  exposed  to  the  normal  restraining  influences,  and  assuming 
a  greater  virulence. 

Optic  Neuritis. — This  is  a  rare  sequel  of  arsphenamin  and  neoarsphenamin.  It  is 
generally  classed  with  the  neuro-rccurrcnccs;  but  Arganaraz,  IQ14,  reports  a  scries  of 
cases  which  he  attributes  directly  to  the  drug,  and  not  to  the  spirochetes. 

ABSORPTION,  FATE  AND  EXCRETION 

These  are  essentially  alike  for  arsphenamin  and  neoarsphenamin. 

Absorption. — This  is  slow,  even  from  intramuscular  injections,  some  arsenic  generally 
remaining  at  the  site  of  injection  fur  months  (Schuebel.  1914).  Neoarsphenamin  is  ab- 
sorbed more  rapidly  (Ullmann,  1012,  75  to  85  per  cent,  within  a  week;  Swift,  iqm)- 
Very  little  is  absorbed  from  the  rectum. 

Fale  and  Excretion, — Arsphenamin  is  decomp>osed  in  the  body,  and  is 
excreted  mainly  in  the  form  of  ionized  arsenic,  by  the  urine  and  feces. 
^nly  a  small  fraction  is  excreted  unchanged. 

I'he  arsenic  appears  promptly  in  the  urine,  but  the  excretion  proceeds 
rather  slowly,  especially  after  muscular,  but  even  after  intravenous  injec- 
tion; unknown  compounds  being  present,  especially  in  the  parenchyma- 
tous organs,  for  weeks  (Valcnti,  1912;  Usuelli,  1912). 

Fait. — The  nature  of  the  arsphenamin  compounds  appearing  in  the  urine  after 
arsphenamin  and  other  organic  arsenic  compounds  has  been  studied  by  C.  Vocgt  and 
Burckhardt,  1916. 

Condition  in  Blood. — After  intravenous  injection  of  arsphenamin  or  atoxyl  into 
goats,  the  corpuscles  and  plasma  contains  the  arsenic  in  a  form  that  can  not  l>e  separated 
from  proteins  by  dialysis,  differing  in  this  respect  from  the  administration  of  inorganic 
arsenicals  (W.  J.  Young,  1915). 

Course  of  Excreiian. — This  is  essentially  similar  in  luetic  patients  and  in  healthy 
rabbits  (Bumasheff,  1913). 

.-Vrscnic  may  be  demonstrated  in  the  urine  within  a  few  minutes  to  two  hours  after 
administration  (At>clin,  igii). 

With  intravenous  injection  it  remains  in  the  blood  plasma  for  i  to  2  hours  (Bockcr, 
1915).  The  excretion  begins  within  two  or  three  hours  <  Usuelli,  iQi2);is  maximal  on  the 
first  day  (J.  Webster,  iqi6);  and  is  practically  completed  in  four  days  (Hoppe,  iQio); 
but  traces  may  be  found  up  to  three  months  (Heuser,  igii). 

.\fler  intra mnsntlar  injection,  the  excretion  is  much  slower  (Greven,  1910;  Fischer 
aad  Hoppe,  loio;  Irokawa.  1014'),  but  varies  with  the  absorption.  In  man  it  begins  in 
six  hours;  the  maximum  excretion  occurs  in  four  to  six  days;  in  eight  days  two-thirds 
b»vc  been  excreted  by  the  urine.  Traces  were  found  in  twenty  to  forty  days  (Muto  and 
Siaao,  191X;  UsuelUf  1912;  by  Heuser  up  to  nine  months).     The  course  of  excretion 
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has  also  been  studied  by  Escallon,  igi  2.    The  excretion  is  said  to  be  hastened  by 
siuDi  iodid  (Grcven,  1910). 

Hypodermic  injectionx  arc  eliininatcd  more  rapidly  than  the  intramuscular  (Gi 
Relatively  large  quantities  arc  excreted  by  the  gastro-intestinnl  canal  (UUmann,  xq:{ 
Stuchmer.  1914);  two  to  ten  times  as  much  as  by  the  urine  (FrenkeJ-Heiden  and  Navi 
sart,  igi^O-    The  milk  also  contains  arsenic  (Caffaiena,  1912)- 

Toiai  Excretion. — There  are  few  reliable  data.     Duret,  191S,  examined  the  urincj 
the    series    of    patients   recei\nng  weekly  intravenous  injections  of   ncoar^phcoaiiua.] 
The  total  dose  in  4  weeks  corresponded  to  0.5  gm.  of  arsenic.     The  urine  during  tldij 
period  yielded  a  total  of  0.1  gm.  of  arsenic,  f.«.,  ^^  of  the  quantity  administered. 

Excretion  in  the  Cerebrospinal  Fluid. — This  often  (but  not  alwar 
contains  traces  of  arsenic  within  an  hour  after  the  intravenous  injectioiil 
of  arsphcnamin. 

Mehrtens  and  McArthur,  iqeq,  demonstrated  the  arsenic  in  about  half  of  tbc 
patients.  It  averaged  o. 0000^6  mg.  of  arsenic  per  c.c.  of  fluid.  Furthf"'  ''^•■>  f'* 
given  by  Camp,  iqw;  Hald,  1015;  Stillman  and  Swift,  1915;  Barbat,  1918;  i 

Distribution  of  Arsphcnamin, — After  intravenous  injection,  the  arspK 
not  remain  free  in  the  bknid.  which  contains  only  traces  after  twenty-four  hour%;  l»ut  ii '? 
promptly  de[)osited  in  the  spleen,  kidneys,  bones,  muscles,  and  especially  in  the  li\'cT 
(Bornstein,  1911).  It  may  be  demonstrated  in  these  organs  for  months,  a5  inonfifiit 
and  organic  arsenic  (Stuempke  and  Siegfried,  1911;  Ritter,  1911;  UlUnann.  mtv 
Arsenic  also  passes  into  the  placenta  (Rurnascheff,  1912"). 

The  central  ncr\'ous  system  contains  none  or  almost  none  (Mclnto&h  uid  FiW«r, 
1916;  J.  Webster,  1916). 

ADMINISTRATION  AND  DOSAGE 

Arsphenamin  is  now  usually  administered  intravenously,  repe&ted  in 
**  courses,*'  in  conjunction  with  vigorous  mercurial  treatment.  Intra- 
spinal injections  are  sometimes  used  in  neuro-syphilis,  if  ordinary  treat- 
ment has  failed. 

Courses.—  The  ordinary  "course"  consists  of  6  to  8  intravenous  injec- 
tions of  arsphenamin  or  neoarsphenamin,  given  5  to  7  days  apart.  Wiih 
very  early  cases,  the  first  two  or  three  injections  may  be  three  days  apaJ^t 
Mercurial  treatment  is  given  at  the  same  time  (see  Mercury),  The  kifi* 
neys  must  he  watched. 

The  patient  is  then  allowed  to  rest  for  4  to  6  weeks,  when  another 
course  is  given.  This  may  be  sufficient  if  the  treatment  has  been  starlfd 
very  early,  while  the  Wassermann  reaction  is  still  negative.  It  is  advis- 
able, however,  to  administer  six  injections  of  mercury  salic>*laie,  afttf 
three  months  and  another  series  half  a  year  later. 

With  fairly  early  cases,  but  with  positive  VVassermann  reaction,  the 
semi-annual  mercury  courses  are  kept  up  for  three  years. 

Dosage  of  Arsphenamin. — This  should  be  varied  with  the  strength 
and  condition  of  the  patient.  For  men,  arsphenamin  is  usually  siartcJ 
intravenously  (or  intramuscularly)  with  0.3  Gm.,  and  increased  in  suc- 
cessive injections  by  o.i  Gm.  to  a  total  of  0.5  Gm.  For  women,  lix 
starting  dose  is  0.2  Gm.,  the  full  dose  0.4  Gm,  For  children,  the  full 
dose  in  o.i  to  0.3  Gm.;  for  infants,  0.02  to  0.1  Gm.;  for  nurslings,  0.01  lo 
0.015  Gm. 

Dosage  of  Neo-arsphcnamin. — This  is  usually  taken  as  i  J^  to  2  tine 
thai  of  arsphenamin. 

Solution  of  Arsphenamin  for  Intravenous  Injection. — The  drug  is  uspI 
as  a  fresh  \^  per  cent,  solution  in  an  e.xcess  of  alkali. 

The  ampul,  containing  the  desired  dosage,  is  laid  in  95  per  cent,  alcohol  lor  15  n^ 
utes,  to  detect  leaks.  The  neck  is  then  broken  off  with  a  file,  and  the  cnntenti  enAtm 
into  a  sterile  gUas-sloppcrcd  mixing  cylinder.    Sterile,  freshly  distilled  water  is  mM 
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ao  c.c.  per  o.i  Gm.  of  drug,  and  the  cylinder  is  shaken  until  a  dearsolution  results,  A 
dear  normal  solution  of  NaOH  is  now  run  in  slowly,  to  o,g  c.c.  per  o.i  Gm.  of  drug. 
The  alkali  first  causes  precipitation,  which  rcdissolvcs  in  the  excess  of  alkali.  (Others 
use  a  15  per  cent,  solution  of  NaOH,  added  drop  by  drop  to  the  arsphcnamin  solution 
until  the  precipitate  is  dissolved.  This  required  about  4  drops  per  0.1  Gm).  The 
solution  is  then  diluted  with  sterile  distilled  water,  to  30 c.c.  per 0.1  Gm.  (U.SP.H.S. 
Circular,  J.A.M.A.  iqiq,  7a:  1386). 

If  the  solution  is  not  perfectly  clear,  it  must  be  filtered  through  a  sterile  filter. 

With  some  brands,  hot  water  may  be  used;  with  others  not.  If  possible  the  injection 
should  be  about  body  temperature. 

The  solution  should  be  used  within  half  an  hour  after  it  is  made.  It  is  inadmissible 
to  use  the  contents  of  damaged  tubes,  or  remnants  of  powder  from  previously  opened 
tubes. 

Chemical  Changes  in  Dissolving  Arsphenamin. — Arsphenamin  may  act  both  as  a 
base,  through  its  amin,  or  as  an  acid,  through  this  phenol  radical.  Commercial  "Ars- 
phenamin" is  a  bydrochlorid.  Its  solution  in  water  has  an  acid  reaction  (hydrolytic 
dissociation).  It  is  not  precipitated  by  acids.  The  addition  of  sodium  hydroxid  at 
first  precipitates  the  free  base.  The  precipitation  is  complete  when  2  molecules  of 
NaOH  have  been  added  for  each  molecule  of  salvansan.  This  precipitate,  suspended 
ID  water,  is  the  form  used  for  intramuscular  injection.  The  further  addition  of  N'aOII 
again  forms  a  soluble  salt,  the  solution  being  complete  when  2  further  molecules  of 
NaOH  have  been  added.  This  is  the  form  used  for  intravenous  injection.  (By  actual 
measurement,  the  reaction  is  not  completed  until  54  per  cent,  more  than  the  theoretical 
amount  of  alkali  has  been  added;  Bongrand,  19x3.)  Sodium  carbonate  does  not  dissolve 
the  precipitate. 

Solutioa  of  Neo-arsphenamin. — This  drug  dbsolves  directly  in  water. 
It  is  injected  in  about  5  per  cent,  solution.  Only  a  single  dose  should  be 
dissolved  at  a  time,  in  10  to  15  c.c.  of  cold  sterile,  recently  distilled  water 
(10  c.c.  for  0.5  Gm.  or  less;  15  c.c.  above  0.5  Gm.).  The  temperature 
should  at  no  time  exceed  22'^C.  (7i°F.). 

Administration. — The  patient  should  have  an  empty  stomach,  and 
should  lie  down  for  a  time  after  the  injection.  The  skin  over  the  vein 
should  be  painted  with  iodin. 

Arsphenamin  in  injected  by  gravity,  at  the  rate  of  two  minutes  per 
O.I  Gm. 

Neoarsphenamin  is  injected  by  syringe,  using  a  very  small  needle, 
and  taking  at  least  five  minutes  for  the  injections. 

Danger  of  Cumulation. — Too  frequent  administrations  of  arsphenamin  would  be 
cumulative  and  danpcrous,  since  even  writh  intravenous  injection,  only  about  50  per 
cent,  is  excreted  within  three  days. 

Intramuscular  Injections. — These  have  largely  gone  out  of  use.  Arsphenamin  was 
usually  employed  a^  a  10  per  cent,  neutral  suspension;  neoarsphenamin  as  a  H  solution. 

Intramuscular  injections  must  not  be  made  too  near  to  the  sciatic  nerve,  or  they 
may  cause  neuritis  I'Kissmcycr,  1016). 

Spinal  Injections  of  Arsphenamin  Serum. — Cercbro-spinal  lues  often 
resists  the  intravenous  administration  of  arsphenamin,  since  but  little  of 
the  drug  passes  into  the  central  nervous  system.  In  such  cases,  when  the 
ordinary  treatment  has  failed,  arsphenamin  serum  may  be  injected  directly 
into  the  spinal  canal,  as  an  auxiliary;  meantime  keeping  up  the  systemic 
treatment.  Good  results  have  been  obtained  in  various  forms  of  cerebro- 
spinal syphilis,  especially  in  early  cases,  and  with  the  "lightning  pains" 
of  tabes.  The  pains,  psychical  disturbances  and  cell  count  are  usually 
markedly  improved.  Spinal  injection  is  said  to  be  dangerous  if  the  lower 
limbs  or  sphincters  are  paralyzed.     Dementia  paralytica  is  not  improved. 

The  safest  medium  for  subdural  spinal  injections  is  the  serum  of  the 
patient  who  has  recently  received  an  arsphenamin  injection,  according 
to  the  Swift-Ellis  (1913)  method.     However,  watery  or  serum  solutions 

arsphenamin  have  been  injected  directly  into  the  subdural  canal. 
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^^vifl-EiHs  Method. — The  patient  receives  the  ordinary  dose  of  asrpbenamin  or 
arsphenamin  intravenously.     Half  an  hour  to  an  hour  later,  40  c.c.  of  blood  are  «i 
drawn  from  a  vein.    The  blood  is  permitted  to  clot  and  left  on  ice  for  24  houn;.    T 
to  15  c.c.  of  serum  are  then  pipetted  off,  and  centrifuged.     It  contains  about  o.ot 
of  arsphcnamin  per  c.c.     It  19  heated  to  56^C.  for  half  an  hour,   either  undiluted, 
after  the  addition  of  enough  normal  saline  to  make  30  c.c.  and  the  total  qu      ~~ 
injected  through  lumbar  puncture,  after  withdrawing  an  equal  volume  of  cerei 
fluid. 

The  injections  are  safe»  and  may  be  repeated  as  often  as  needed  (Draper^  iQis). 
intervals  of  two  weeks.     Exceptionally,  severe  pain  may  prevent  their  employment 

Spinal  Injrdion  oj  Arspiwnamin  Dissolved  Directly  in  Serum. — This  was  advooto) 
by  Marincsco  and  Mmca,  1914;  using  not  over  0.5  mg.  of  the  drug. 

It  is  safer  than  the  watery  solutions,  but  not  as  safe  as  the  Swlft-ElUs  method 
which  thearaphenamin  has  been  changed  into  a  less  diffusible  colloid  form  (Voung.  1915).^ 
It  would  be  unsafe  to  give  more  than  two  or  three  consecutive  injections  iDrAptr) 

Spinal  Injtxtion  of  Watery  Arsphenamin  Solution. — This  causes  severe  imtatioo  of 
the  cord,  and  some  writers  advise  that  it  should  not  be  attempted  in  man  (Ellis  aftd 
Swift,  1913;  Marinesco,  ipij;  Swift,  igi6).  Others  consider  it  fairly  safe  when  a  caicfuJ 
technic  is  followed;  either  using  a  hypertonic  (6  per  cent.)  solutiou  (Ravaut,  1Q14; 
Vfile,  1Q14) ;  or  mixing  the  drug  ^Wth  cerebro- spinal  fluid  so  as  to  give  a  concentration  of 
0.05  to  0.15  per  cent.,  and  a  dosage  of  '■^  to  13  mg.     Neoarsphcnamin  is  almost  alnj) 

C referred.     The  injections  are  generally  repeated  every  week  to  three  weeks,  and  coo- 
incd  with  systemic  administration  (bibliography,  Naegli,  r9i5)< 

Gennericn,  iqxj,  dissolves  0.15  Gm.  of  ncoarsphenamin  in  300  c.c.  of  normal  saSiot- 
He  withdraws  60  c.c.  of  cercbro-spinal  lluid,  mixes  this  with  60  c.c.  of  the  above  sol utun, 
and  reinjects. 

Schubert,  1914,  withdraws  10  cc.  of  cerebro-spinal  fluid.     In  3  c.c.  of  this  br  dis- 
solves 0.045  Gra.of  dry  arsphenamin.     A  reservoir  is  connected  with  the  spin:*'  '■>'f  fiirr- 
and  lowered  so  as  to  fill  with  at  least  30  c.c.  of  spinal  fluid.     Into  this  he  '< 
0.2  c.c.  of  the  arsphenamin  solution,  and  then  raises  the  rescr\'oir  so  as  to  m.i 
flow  slowly  into  the  canal,     lie  cautions  that  cver>'thing  must  be  absolutely  dry 

Oral  Administration. — This  has  been  tried  in  man  (0.6  Gm.)  and  in  animaU.  butUbc 
therapeutic  effects  are  vcr>'  feeble  (Schambergetal,  1916).  Vomiting  and  diarrhea  mi> 
result,  but  not  serious  intoxication  (Kolmer  and  Schamberg,  1912). 

Rectal  Administration.— This  has  been  recommended  (J.M.Joseph,  I9i8);capc£illj' 
for  children  (Araujo,  1918).     Itis,  however,  too  unreliable. 


^ 


^ 


Gangrenous  Balanitis  and  Vincent's  Angina. — The  intravenous  injec- 
tions or  local  dusting  with  arsphenamin  or  ncoarsphenamin  powder  often 
arrests  the  progress  of  the  ulceration  and  is  followed  by  prompt  healing 
(H.  N.  Cole). 


Use  against  Cutaneous  Tuberculids. — Arsphenamin,  intravenously  has  been  rndiipj 
with  good  results.  It  is  not  advised  in  acute,  febrile  or  progressive  cases  {Sti>tts. 
1919). 

PREPARATIONS — ARSFHENAMINS 

'Arsphcnaminae  Hydrochloridmn,  WJ?Jl. — (Arsphenamin). — Diamino-dihydroxj^l 
arscnobcnzenc  hydrochlorid,  marketed  under  various  tradenames;  for  instanrc,  Su-j 
varsan,  arsaminol,  arsenobenzol,  diarsenol,  606,  etc.  A  yellow,  crystalline  powder, 
very  unstable  in  the  air.  Soluble  in  water  with  acid  reaction.  Marketed  in  seikd 
tubes  containing  the  ordinary  doses. 

*Neoarsphenamin,  N.NJt. — A  mixture  of  sodium  arsphenamin  mcthanal  ralpbDi 
Lite  with  inert  inorganic  salts,  having  an  arsenic  content  of  approximat- '  '  '  ihat* 
arsphenamin.     It    has    similar    physical  properties,  but  forms  ncuii  ^  wit 

water.  On  standing,  the  aqueous  solution  decomposes  rapidly,  turnuijj  »i-*^.*  bw»»' 
and  depositing  a  brown  precipitate.  The  commeraal  brands  usually  bear  the  aum  « 
the  corresponding  arsphenamin,  with  the  prefix  "neo." 

Silver  Arsphenamin.  (N.N.R.). — -Soaium  arsphemunin  in  which  silver  has  bf<« 
substituted.  It  contains  about  30  per  cent,  of  arsenic  and  15  per  cent,  of  wlvcr.  It* 
field  of  usefulness  is  the  same  as  for  the  other  arsphenamins;  but  it  is  effectivY  is  sfluDir 
doses,  and  is  therefore  claimed  to  be  safer.  However,  this  remains  to  be  deraoikSUaS^ 
At  present,  it  is  used  with  greater  circumspection,  and  is  not  advised  in  the  prtttna'^ 
non-syphilitic  diseases.    It  has  been  claimed  that  it  renders  the  use  of  mercury  sapff- 
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fluoos;  but  this  h  not  established.  It  is  concetvablc  that  it  might  soraetimes  produce 
argyrism. 

Administraiion. — It  is  administered  intravenously,  the  starting  dose  for  adults,  is 
0.1  Gm.,  repeating  at  intervals  of  not  less  than  4  days,  with 'the  gradual  increase  to 
0.2  Gm.  for  women,  or  0.5  Gm.  for  men. 

Phenylglydnamid-arsonic  Add. — This  is  being  tried  by  the  Rockefeller  Institute. 

Chemistry. — It  has  the  structure 
It  is  easily  prepared  and  inexpensive.     The  sodium  salt  is 
extremely  soluble  in  water  (to  50  per  cent.),  forming  neutral 
solutions  on  brief  boiling  (Jacobs  and  Heidclberger,  iQig;. 

NHCHjCONH, 

Toxicity. — It  is  practically  non-irritant,  even  when  concentrated  solutions  are 
injected.  The  toxicity  is  low,  and  sub-fatal  doses  do  little  permanent  damage  (Pearce 
and  Brown,  1919). 

EfficUncy  against  Experimental  Spirochete  Infections. — Definite  results  have  been 
obtained  with  the  rccurrens  and  pallida  organisms.  Relatively  large  doses  are  neces- 
sary to  destroy  the  parasites  directly;  but  much  i^mallcr  doses  (H  to  }-^  of  the  MFD) 
sccra  to  weaken  the  parasites  so  that  they  are  destroye<I  by  the  host,  without,  however, 
producing  immunity.  This  leads  to  rapid  healinfi  and  eventual  cure  (Pearce  and 
Brown;  Brown  and  Pearce,  191QJ. 

Ciinical  Efficiency. — This  remains  to  be  determined. 


TELLURIUM 


General  Statement. — Although  tellurium  and  selenium  are  chemically 
related  to  sulphur,  their  pharmacologic  properties  are  very  similar  to 
those  of  arsenic.  They  produce  the  same  paralysis  of  the  capillaries, 
I  also  identical  changes  in  the  blood-forming  organs. .  Tellurium  is  rcla- 
L  tively  non-toxic,  being  rapidly  reduced  to  the  metallic  state.  Its  most 
r  conspicuous  effects  are  suppression  of  sweat;  and  a  very  persistent  garlic 
I  odor,  especially  of  the  breathy  due  to  methyl  lellurid.  These  effects  are 
I  iioied  in  the  industries  dealing  with  tcHurium.  Sodium  tellurate  has 
P       been  used  to  suppress  the  night-sweats  of  phthisis. 


Compounds. — The  more  important  are  tellurous  oxid,  TeOjj  telluric  oxid,  TcOj; 
.Sodium  tellurite  NajTcOa  and  sodium  tellurate,  NajTcO*;  hydrogen  tellurite  H|Te; 
^      methyl  tellurite  (CH,}iTe;  and  tellurium  Urtrate,  TefCHjOt),. 

S  Solubility. — The  sodium  salts  are  soluble  in  water;  but  Uie  (cUurite  would  be  trans- 

V  formed  into  insoluble  tellurous  oxid  by  the  acidity  of  the  gastric  juice.  The  alkalinity  of 
I  the  intestine,  however,  would  restore  the  teUurite.  Tellurous  oxid  itself  would  therefore 
I         be  dissolved  in  the  intestines. 

Absorption. — This  is  very  incomplete  from  the  alimentary  tract,  since  all  the  com- 
I  pounds  are  rapitily  reduced  to  metallic  tellurium,  which  is  eliminated  by  the  feces, 
•  imparting  a  blue  or  gray  color  to  these.  A  small  proportion,  however,  is  easily  ab- 
J  »orbcd;  apparently  even  from  the  intact  skin;  for  even  a  trace 'adhering  to  the  skin 
P    atxaparts  tne  garlic  odor  to  the  breath. 

Reducdoa  in  Body. — \\\  living  cells  rapidly  reduce  all  IcUurium  compounds  to 

p     tte  metallic  state,  recognized  by  the  greenish,  blue  green,  blue,  or  dark  grey-blue  color. 

"••^asttling  to  the  Quantity  (Kunkel).    After  intravenous  injection,  this  is  found  in  all 

4  OFKans,  particmarly  abundant  in  the  liver  and  kidneys;  whilst  the  lungs,  spleen  and 

rcnals  arc  relatively  free.     Hofmeister.  1804  points  out  that  the  distribution  of  this 

iuction  is  quite  different  from  that  of  dyes.    The  reduced  metal  is  in  an  ultra-micro- 

ipic  sL-ite.     Beyer  claimed  that  it  is  in  the  ceJl-nuclei, 

The  deposition  of  the  reduced  metal  throughout  the  botly  occurs  also  with  oral 

aunistration.     It  remains  in  the  cells  for  a  long  lime,  but  part  is  continuously  trans- 

med  into  methyl  tellurid.     This  explains  the  persistence  of  the  odor. 

keductiofi  by  Micro-ofganisni^i. — Gonis,  IQ05,  showed  that  living  bacteria  and  other 

•cro-or^oisms  reduce  tellurite  (also  selenitc).     As  dead  organisms  do  not  effect 
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this  reduction,  potASsium  tellurite  may  be  used  as  an  indkalor  of  living  bacUria,  /wui^f 
molds,  etc.  ^Hien  incubatd  for  24  hours  with  a  concentration  about  1:50,000,  Uung 
cultures  of  all  the  more  common  miLToorganisms  reduce  the  tellurite,  as  indicated  by 
the  appearance  of  a  black  precipitate.  This  concentratloD  is  practically  faannlcat  vdien 
injected  into  animals  (W.  E.  King  and  Davis,  1914). 

Bxcretion. — With  oral  administration,  tlie  major  part  is  reduced  to  the  metiQic 
state,  and  is  excreted  as  such  unabsorbed  by  the  feces.  That  which  is  absorbed  i* 
ejccretcd  partly  as  methyl  tcllurid  by  the  breath,  urine  and  feces;  and  partly  as  a  solubif 
form  in  the  urine  and  bile  (Mead  and  (lies,  1901). 

Methyl  Tellurid. — A  very  pronounced  odor  of  garlic,  due  to  methyl  tellurid  (CHj}|Tr. 
appears  in  the  breath  within  5  minutes  after  administration,  by  any  channel  and  in  &il 
animals.  It  persists  for  several  days  up  to  S  months  after  a  single  dose,  according  to 
the  quantity  taken.  In  man,  it  has  been  noted  after  as  little  as  0.0005  ing  (Reiserti 
The  odor  was  described  by  Gmelin,  1S24,  and  by  Hansen,  1855,  who  made  the  fini 
pharmacologic  investigations  of  tellurium. 

The  odor  is  also  present,  though  less  marked,  in  the  urine,  feces,  epidermal  cxnr- 
tions,  blood  and  viscera. 

Hofmeister  found  tliat  this  interesting  meth^'I  tellurid  is  produced  by  all  tiwos. 
though  to  a  varying  degree;  also  when  tctlurilc  is  digested  wth  finely  masked  oi^anf 
in  vitro;  but  that  it  is  prevented  by  any  agents  that  tend  to  disorganize  protopiuis: 
even  by  water  or  normal  saline.    On  the  other  hand,  saponin  has  httlc  effect,  ud 

Suinin  restrains  only  in  fairly  high  concentrations.     There  is  no  parallelism  betiwefl 
le  formation  of  methyl  tcllurid  and  the  reduction  to  metallic  tellurium. 

Meth}"!  tellurid  is  also  produced  by  cold  blooded  animals,  and  invertebrates  feartti^ 
worms),  not  by  the  higher  plants  (Knop,  Bokomy;  quoted  from  Gies  and  Mead). 

^'Bismuth  Breath." — This  has  been  attributed  to  contamination  of  bismuth  prcpm- 
tions  with  tellurium;  the  two  substances  often  occurring  in  association. 

Toxicity.  -This  is  quite  low  for  oral  adminiatmlion;  higher  for  hypodrmiii  inirc 
tion.     The  tellurite  is  perhaps  10  times  more  toxic  than  the  tellurate.     ' 
tellurate.  however,  often  contains  tellurite.     Colloidal  tellurium  is  also  mui  i 
Martclli,  1914,  claims  that  the  toxicity  to  rabbits  is  greatly  increased  by  coccidioa&oi 
the  liver.     Berzelius  found  hydrogen  tellurid  and  selenid  more  irritant  and  toiictfaui 
hydrogen  sulphid. 

Oral  Administration^ — reOi,  Dogs,  0.5  Gm.  has  no  apparent  effect  (i);o.74  totCn  : 
emesis  (i).  XosTeOt  or  Te  tartrate:  Dogs,  0.05,  Gm.  no  apparent  effect  (1);  ai  Gm- 
emcsis  (i). 

Uypoicrmic  Administration. — Rabbits  ^a^TeOi; :  2  mg.  per  Kg..  M.F.D.  (?>.  VCifh. 
cocddiosis.  .^  mg.  p.  Kg.  MFD.  (.s).  Guinea  pigs  i  mg.  per  Kg.  sur^nvcd  (3)1  amf  P 
Kg.  MFD.  (3).  Mice,  t  mg.  per  40  Gm.;  paralyzed  within  24  hours  (5).  Frog$>,  204^ 
fatal  in  4S  hours  (4);  4  mg.,  fatal  in  8  hours  (4}. 

(1)  Mead  and  Gies 

(2)  Brutti 

(3)  Martelli 

^4)  C^pek  and  Weil 

(s)  dc  Angelis 

NfitTeOi, — Rabbits  or  guinea  pigs;  about  60  mg.  p.  Kg.,  MFD  (a).  Fracs.  lomK^ 
fatal  (4). 

ColloidaJ  Te. — Mice:  2mg.  per  40  Gm.;  no  toxic  effect  (s);2omg.  p.  4oGin.;<alil($)< 

intravenous. — A'dj7'eOi:  Mammals.  20  mg.  p.  Kg.  MFD;  {4)  S'aTfOi:  MammiK 
5omg.  p.  Kg  (4).  Colloidal  Te:  rabbits,  50  mg.  p.  Kg.,  generally  not  fatal  (5)  iooing-|iff 
K:g.,fatal  (5). 

Metallic  TelluriiHn.— Hofmeister  showed  that  this  is  gradually  converted  into  thi 
Active  form  in  the  tissues;  for  the  garlic  odor  occurred  after  intravenous  injection  ol  tk 
finely  powdered  metal. 

Colloidal  Tellurium. — This  was  investigated  by  de  Angelis.  He  found  it  muchk" 
toxic  than  the  tellurite.  Indeed,  the  effects  were  not  proportional  lo  the  dose  H< 
attributed  this  to  limited  power  of  the  organism  to  transform  it  into  hydrogen  telhind 
which  he  assumed  to  be  the  really  active  agent. 

Industrial  Uses.  —These  are  not  extensive.  It  is  employed  in  the  gbas  industry.  t» 
impart  a  blue,  red  or  brown  color  to  glass.  It  is  being  tried  in  steel-making  as  a  ndadst 
agent  in  place  of  coke  (Shie,  iqio). 

Industrial  Exposure.— Tellurium  occurs  as  an  impurity  of  lead  and  copper  ott*  iwi 
is  encountered  industrially  in  the  purification  of  these  metals,  espfciallj  in  the  • 
lytic  refining  of  lead.     Here  it  occurs  in  the  fumes  as  hydrogen  tellurid,  and  in  0^ 
xellurous  oxid  and  tellurates  (Shie,  igao). 
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Toxic  Effect  on  Frogs. — Crapek  and  Weil  interpret  the3*  mainly  as  paralysis  of  the 
centra!  nervous  system.  Skeletal  muscle  shows  fibrillary  twitching,  even  at  a  distance 
from  the  site  of  injection.     The  heart  becomes  paraiy^ed  late  in  the  poisoning. 

General  Symptoms  in  Mammals. — The  essential  features  were  described  by  the 
earliest  investigators.  Gmeltn,  1824  and  Hansen,  1853.  Czapck  and  Weil.  1893,  made 
a  comprehensive  study  and  point  out  the  close  resemblance  to  selenium  and  arsenic;  the 
effects  of  tellurium,  however,  being  slower  and  less  virulent.  They  start  with  somno- 
lence; restlessness,  tremors,  vomiting  and  diarrhea;  asphy.xial  convulsions  and  death. 
The  muscles  and  nerves  remain  irritable  to  the  end. 

Pathologic  Lesions. — These  correspond  to  severe  gastroenteritis;  intense  h>'peremia 
of  viscera  and  lungs;  hemorrhage  from  mucosae;  fluid  in  the  serosae;  initial  parenchy- 
matous nephritis  (Martclli,  1914) 

Symptoms  in  Man. — The  inhalation  of  tellurous  oxid  in  fairly  large  quantity  results 
in  nausea,  mcLallic  taste,  the  garlic  odor,  somnolence,  depression  and  constipation 
(Mead  and  Gies).  The  same  symptoms  arc  described  for  hydrogen  tellurid.  Hansen 
took  a  total  of  0.34  Gm.  of  potassium  telluratc,  distributed  over  a  long  period.  He 
recorded  unusual  sleepiness,  nausea,  anorexia,  and  abundant  salivation. 

Industrial  Symptoms. — Shie,  igso,  examined  12  lead  workers  exr>osed  to  tellurium. 
Eight  of  these  showed  effects  that  might  be  attributable  to  tellunum,  especially  the 
garlic  odor,  dry  mouth  and  dry  skin.  These  were  of  about  the  same  frequency  and 
degree  with  those  who  had  been  exposed  only  2  weeks,  as  with  those  who  had  worked  for 
a  year. 

The  frequency  of  the  symptoms  among  these  8  affected  workers  was  as  follows: 
7  showed  garlic  odor,  metallic  taste,  dry  mouth;  6showed  dr>',  itching  skin  and  rashes 
5  showed  suppression  of  sweat;  4  showed  constipation;  j  showed  poor  appetite,  nausea, 
vom^iting,  somnolence;  1  showed  loss  of  hair.    None  showed  albuminuria,  or  malnutrition. 

Effects  on  Digestive  Tract, — Czapt-k  and  Weil  found  that  dogs  and  cats  respond  to 
large  doses  by  vomiting  and  diarrhea,  the  stools  becoming  of  a  rice-water  and  finally 
mucous  character.  The  necropsy  shows  the  mucosa  of  the  duodenum  and  jejunum 
congested,  swollen,  with  small  hemorrhages,  covered  with  a  pseudo-membrane;  the 
epithelium  is  desquamated.  The  ileum  and  colon  are  usually  quite  normal.  Rabbits 
generally  die  without  gastrointestinal  symptoms.  Sub-emetic  doses  do  not  interfere 
with  digestion.  Even  fairly  high  concentrations  do  not  affect  gastric  and  pancreatic 
digestion  in  vitro.     Pt>'alin  is  perhaps  somewhat  checked  (Mead  and  Gies). 

Autolysis. — Fasium  found  that  salts  of  Te  and  Se  activate  ordinary  autoly»s,  whilst 
they  hinder  the  autolysis  of  mouse-sarcoma.  However,  the  results  were  too  confusing 
for  application. 

Circulation. — -Czapeck  and  Weil  found  the  characteristic  arsenic  effects:  Profound 
fall  of  blood  pressure  and  dilation  of  splanchnic  vessels  with  good  response  of  the  heart 
ukI  vasomotor  system.  They,  therefore,  adopt  the  same  explanation,  «.e.,  paralysis  of 
the  capillaries. 

Secretions. — In  man,  tellurium  diminishes  or  suppresses  perspiration. 
The  statements  as  to  saliva  are  contradictory.  Only  very  little  work  has 
been  done  on  animals;  none  on  the  saliva  or  mucus;  very  little  on  other 
parasympathetic  innervation. 

Saiha. — The  workers  of  Shie's  scries  complained  of  dry  mouth.  Hansen  recorded 
Abundant  salivation. 

Mmus. — Mead  and  Gies  record  this  as  markedly  increased  in  the  stomach  and  intes- 
tines.    The  response  to  ner\'e  stimulation  has  not  been  investigated. 

Gastric  JuUe. — Mead  and  Gies  found  the  quantity  and  acidity  markedly  diminished 
■1  dogs,  even  by  small  dnses.  The  vomitus  was  never  acid.  They  suggest  that  this 
Joay  be  concerned  in  the  indigestion;  but  evidently  the  odor  itself  is  nauseating  to  dogs, 
•Or  an  unpoisoned  dog  vomited  when  brought  near  another  tellurium  dog. 

Bile  is  frequently  regurgitated  into  the  stomach. 

Xo  exact  experiments  on  gastric  acidity  seem  to  have  been  made;  nor  any  as  to 
*"*^ponse  to  pilocarpin,  gastrin  etc.  and  none  as  to  pancreas. 

Innervation  of  Smooth  Muscle. — No  experiments  are  recorrled. 

Cardiac  Vagus. — Czapek  and  Weil  state  that  this  responds  late  in  the  poisoning. 

Sweat.— Neusser.  i8qo,  apparently  first  observed  that  sodium  tcllurale;  20  to  60 
**»)?  per  day,  suppresses  the  night  sweats  of  phthisis  patients.  The  obscr\'ations  were 
S^'^firmed  by  others,  and  this  application  endorsed  especially  by  Combemale,  iSpi. 
^^esc  doses  produced  no  notable  bad  effect,  except  slight  dyspepsin,  and  tlie  marked 
^*rlic  odor.  The  latter  was  probably  mainly  responsible  for  the  abandonment  of  the 
^^Uurates,  for  but  little  has  been  written  about  tliem  since  that  time. 
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Dryness  of  the  skin,  and  skin  eruptions  attributed  thereto  were  noted  by  Sfaieamong^H 
industrial  workers.  He  points  out  how  this  may  dispose  toward  heat-exhauilio^H 
although  he  has  not  observed  any  cnsi^s.  ^^| 

Mechanism  of  S^veat- paralysis. — This  was  apparently  demonstrated  experimental^H 
by  Czapek  and  Weil  (p.  45.)).  but  it  would  be  desirable  to  repeat  tbeir  e.Kpchmciil^| 
They  found  that  in  kittens,  subtoxic  doses  suppressed  spontaneous  sweating  of  the  p*^H 
and  weakened  or  abolished  reponse  to  sciatic  stimulation.  Pilocarpin  provoked  a  fccit^H 
secretion.  The  K^^nd  cells  did  not  show  anatomic  changes.  From  this,  they  concIu^H 
that  tellurium  paralyzes  the  nerve  endings,  analogous  to  atropin.  Tliey  furlii^H 
claimed  that  arsenic  had  a  similar  effect,  selenium  not.  ^^ 

This  line  of  evidence  Is  not  conclusive.  The  failure  of  the  sweat-formation  mt^\ 
have  been  due  to  a  shcxrk-levcl  of  blood  pressure,  which  was  not  measured. 

Blood-picture. — This  corresponds  with  that  of  arsenic.  It  was  studied  especullv 
by  Martelli.  Small  doses  (tellurite,  Md  nig.  per  Kg,  twice  per  week)  produce  some 
leucocytosis,  with  diminution  of  hemoglobin.  ^M 

Moderate  Doses  (}4n  nig.  per  Kg.  on  alternate  da>'s)  produce  leucopcDta.  ^H 

With  rapidly  fatal  doses,  tne  whites  increase;  the  reds  decrease,  their  rcsistuce^H 
lowered,  and  some  hemolysis  occurs  spontaneously,  for  instance,  in  rabbits  or  gniBi^^ 
pigs  by  !^  to  2  mg.  of  sodium  tellurite  (De  Angelis).  '^ 

lienwlysis, — Luzzato  found  that  sodium  tellurite  is  hemolytic  also  in  vitro  He 
believes  that  the  action  is  not  due  to  the  tellurite  as  such,  nor  to  the  metallic  tcUuriaiD 
to  which  it  is  reduced,  but  to  an  intermediate  product,  perhaps  HiTc.  In  confirmatioa. 
Brunti  found  that  colloidal  Te  is  not  hemolytic  in  vitro.  ' 

Blood  Forming  Organs. — The  changes  in  these  arc  strictly  analogous  to  arsenir 
Martelli  studied  especially  the  bone-marrow  in  rabbits  and  guinea  pigs.  With  '«^ 
doses,  there  is  hyperplasia.  Moderate  doses  cause  leucopenia  and  nypoplasia.  Tht 
animals  tend  to  put  on  fat  and  increase  in  weight. 

With  fatal  doses,  the  bonemarrow  appears  red.  with  h>'perplasia  of  the  while  wd 
red  cells.     If  the  animal  survives,  the  picture  is  as  for  moderate  doses. 

MetaboUsmi. — Mead  and  Gics  fed  sul>-toxic  doses  of  various  Te  compounds  todoip. 
for  a  week,  without  notable  effects.  The  urine  became  dark  colored  from  the  rcdu<v<) 
tellurium. 

Glycosuria. — Brutd,  1910,  found  that  30  to  50  mg.  of  sodium  tellurU' 
rabbit  or  guinea  pig  produced  in  about  half  of  the  animals  severe  gIyo.<^ 
per  cent,  of  sugar);  with  decrease  of  blood  sugar.     Mead  and  Gies  did  not  nna  :inv  -^n 
cosuria  after  toxic  oral  doses. 

Urobilin. — Intravenous  injection  of  ^5  to  50  mg.  of  colloidal  tellurium  into  r»hhil> 
produced  marked  increase  of  urobilin  In  the  hlood  and  urine,  which  de  Angells  atulbiml 
to  the  hemolysis. 

Kidneys. — Czapek  and  Weil  often  observed  casts,  leucocytes  and  soroetxnio  ^ 
cells  in  the  urine.  Mead  and  Gies  also  record  albumen  after  h>'podermic  or  totx*>nl 
doses.  De  Angelis.  on  the  other  hand^  claims  absence  of  albumen,  unless  Lbe  uriv 
contained  hemoglobin. 

SELENIUM 

General  Statement. — The  actions  of  selenium  are  identical  with  th< 
of  tellurium  and  arsenic,  but  it  is  much  more  toxic  than  tellurium, 
obtained  some  notoriety  as  a  possible  specific  treatment  for  tumors, 
has  proven  a  disappointment. 

General  Actions. — These  were  studied  by  Czapek  and  Weil,  iSgj.     Theyaltnl 
its  higher  toxicity  to  slower  reduction. 

Lower  Organisms. —C/^pck  and  Weil  found  sodium  selenite  practically  ddd- 
for  protozoa  or  ciliated  cells.     It  checked  alcoholic  and  bacterial  fexroentatiotu.  U 
reduced  to  the  red  metallic  tellurium. 

.\  more  recent  investigation  of  selenium  was  made  by  Woodruff  and  Giei.  <( 
They  confu-m  Czapek  and  Weil. 

Methyl  Compound. — This  is  formed  in  much  smaller  quantity  than  withTi 

Fatal  Dose. — ^Sodium  .selenite  or  selcnatc.  oral,  h>podermic  or  rvctal,  4  rag. 
of  dog.  is  usually  fatal  in  a  few  minutes.  The  powdered  metal  is  much  Ie<? 
mouth.     Even  4  Gm.  per  dog  are  non-toxic,  being  mainly  excreted  by  th- 

Distribution  and  Excretion.  —These  are  practically  identical  with  tcllu 

Normal  Occurrence  of  Selenium  in  Tissues. — This  was  aihrmed  by  GasM 
especially  for  leelh  :tnd  b<jnci.     However,  Britsch,  igi8,  by  improved  met'  '•'! 
none  in  animal  or  vcKciable  tissues. 


SELENIUM  k^^^^^^P  8S7 

VANADroM 

The  pharmacology  of  this  metal  has  been  studied  by  Jackson*  19x2.  According 
to  Luzzato  (1903)  poisonous  doses  of  VCJa  or  VBra  cause  the  usual  anatomic  lesions 
of  metals  in  the  kidneys,  liver,  intestine,  and  stomach.  No  lesions  are  found  in  the 
central  nervous  sj-^tem.  The  blood  pressure  is  raised,  and  the  excitability  of  the  vagus 
is  depressed.     Death  occurs  tiirough  respiratory  [paralysis. 

Circulatory  Effects. — Jackson  found,  with  intravenous  sodium  ortho\'ftnndate^  that 
the  rise  of  blood  pressure  is  due  10  systemic  vasoconstriction,  by  direct  action  on  the 
arterial  muscle  or  vasomotor  endings.  The  heart  is  not  strengthened.  The  pressure 
in  the  pulmonary  artery  also  rises  by  the  systemic  and  pulmonary  vasoconstriction. 
Perfused  lung  vessels  are  strongly  constricted  (Baehr  and  Pick,  1913).  Bronchial 
fmsscU  also  shows  moderate  but  prolonged  constriction  (confirmed  by  Baehr  and 
Pick,  1013). 

Chronic  Vanadium  Poisoning. — This  occurs  especially  through  its  industrial  use 
as  a  mordant,  and  by  the  wearing  of  dyed  fabrics.  The  symptoms  and  lesions  arc  those 
common  to  other  chronic  metallic  intoxications.  The  lungs,  kidneys  and  digestive 
canal  are  especially  aflected  (Dutton,  iQii). 

Therapeutic  0s«. — The  pharmacologic  actions  do  not  point  to  any  definite  therapeu- 
tic usefulness.  Vanadium  has  been  recommended  as  an  alterativci  similar  to  arsenic,  in 
tuberculosis,  diabetes,  etc.,  but  the  evidence  is  not  convincing. 

PREPARATION 

Sodii  Meta-^vanadas . — While,  almost  tasteless  powder,  sol.  in  water.  Dose,  i  to 
8  mg.  (.^0  to  M  gr.).  According  to  Jardin  {1Q05)  it  lessens  assimilation  and  increases 
protein  destruction. 

TUNGSTEN 

A  brief  discussion  of  its  toxicity  is  given  by  Fantus,  1917.  Very  little  ia  known  about 
the  subject. 


ANTIMONY 

Actions. — ^The  actions  of  antimony  resemble  those  of  arsenic.  The 
difference  lies  in  a  greater  local  irritation  and  a  much  lesser  absorption. 
Consequently,  wheti  given  by  the  mouthy  doses  can  be  chosen  whose  only 
action  is  that  of  producing  nausea,  or  if  somewhat  larger,  vomiting. 

Toxicology,— If  injected  ifhto  the  circulation,  or  if  given  in  overdoses,  it 
produces  precisely  the  same  effects  as  arsenic,  but  vomiting  is  always  a 
prominent  phenomenon,  the  poison  being  rapidly  excreted  into  the  ali- 
mentary canal.  Small  doses  long  continued  lead  to  a  train  of  symptoms 
of  subacute  poisoning,  entirely  analogous  to  those  produced  by  arsenic  in 
the  same  manner  (Gaehtgens,  1876;  Soloweitschyk,  1S80),  also  including 
the  metabolic  changes.  Antimony  has  not  been  recorded  as  giving  rise  to 
industrial  poisonings  except  through  contamination  with  arsenic.  How- 
ever, the  pentasuJphids  that  are  used  in  the  rubber  industries  are  fairly 
soluble  in  human  gastric  juice  (Carlson,  1915).  Antimony  is  sometimes 
Used  in  the  glaze  of  cheap  granite  ware.  This  should  be  prohibited  by 
law  (as  it  is  in  some  European  countries),  since  soine  samples  yield  from 
3  to  14  mg.  of  dissolved  antimony  in  a  single  cooking  test  (E.  VV.  Miller, 
1916). 

In  distinction  to  arsenic,  selenium  and  tellurium,  antimony  is  not 
Converted  into  volatile  compounds  by  molds  (Knaffl-Lenz,  1913). 

Treatment  of  Antimony  Poisoning.— The  chemic  antidotes  are  eggs, 
znilk  and  tannin  (tea,  etc.),  or  in  its  absence  magnesia. 

Potassium  hexatanUlate  precipitates  antininny  compounds,  even  in  the  tissues: 
but  it  could  be  utilized  only  orally,  since  its  h^'pcKlcrmic  injection  is  too  toxic  (Rosenthal 
^Od  Scverin,  iQi2). 
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Habituation. — One  difference  from  arsenic  h  tliat  the  continued  administration 
antimony  to  mammals  does  not  lead  to  tolerance;  nor  does  arsenic  habituation  confc 
tolerance  to  antimony.    This  difference  is  explained  by  the  observation   that 
absorption  of  antimony  is  not  dimiiiiishcd  (Cloctta,  igix);  on  the  contrary,  it  is  rat 
increased  (Bninner,  1012;  he  claims  some  tolerance  for  3-valent  but,  not  for  5-v*kot 
Protozoa  also  do  not  oecome  immune  as  readily  as  with  arsenic  (Rowntrce  and  Al 
iQi  2).     Antimony  immunity  can  be  induced  in  infusoria  and  docs  not  extend  to 
fNeuhaus,    igio).     Bacteria   immunized   to  arsenic  arc  also   resistant   to  antimoo; 
(Marks,  iqio). 

Local  Action. — Applied  to  the  skint  the  chlorid  is  a  strong  caustic.  The  double  tar- 
trate of  antimony  and  potash  (tartar  emetic)  when  applied  over  long  periods,  produces 
a  pustular  eruption.  This  is  due  to  the  decomposition  of  the  double  salt,  which  it  bet 
slightly  irritant,  by  the  acid,  secretion  of  the  follicles  into  more  irritant  anlimonous 
oxid,  Sb^Oi.  and  other  compounds.  Such  salves  were  formerly  used  for  coumerirriu 
tion,  but  have  been  abandoned  uh  too  destructive  and  toxic. 

Differences  in  Antimony  Compounds. — As  with  arsenic,  the  3-vaIent  is  more  tftiic 
(tn  ten  timcs^  than  the  5-valent.  The  organic  derivatives  show  similar  relations,  ihc 
side-chains  being  relatively  unimportant  (Brunner,  igia).  Cloctta  found  the  pyros " 
biatc  much  less  toxic  than  tartar  emetic. 

Mechanism  of  Emetic  EflFect — This  is  produced  by  local  action;  for  while  it  oc 
both  by  gastric  and  venous  administration,  the  latter  requires  much  larger  doses,  vomit 
ing  occurs  much  more  slowly,  and  only  after  the  antimony  has  been  excreted  int"  the 
stomach,  as  shown  by  its  presence  in  the  vomilus(Kliemannand  Simonowitsch.  iS;?'. 
The  tiauseant  action,  and  the  increase  of  the  salivary  and  bronchial  secretion,  arc  abo 
reflex  (\.  E.  Henderson  and  Taylor,  1910).  Like  other  irritants,  antimony  is  aud  to 
iacreaae  uric  acid  cxcreiion  (Abl,  19x3). 

Therapeutic  Use  as  Natiseant  and  Emetic — "Tartar  Emetic,"  ihf 
tartrate  of  antimony  and  potassium,  is  the  compound  usually  employed 
internally.  As  an  emetic  it  has  fallen  out  of  favor,  its  action  being  loo 
slow  and  too  depressing.  As  a  nauseani  it  has  advantages  over  all  other 
metals,  since  the  dose  required  for  this  is  only  about  one-tenth  of  thai 
which  produces  vomiting.  Its  continued  use,  however,  is  dangerous,  ti 
is  employed  mainly  as  a  depressant  expectorant  in  the  first  stages  of 
acute  bronchitis;  often  in  the  form  of  Wine  of  Antimony,  i  c.c.  =  4  nMt- 
Jl5  S^-'t  ^^  smaller  doses  (i  mg.)  may  be  repeated  every  hour  with  pr^ 
caution  against  excessive  depression.  It  also  enters  into  a  number  of 
compound  expectorants,  such  as  Mistura  Glycyrrhiza:  Co.  (8  c.c.  =*  3  mg. 
of  tartar  emetic  and  i  c.c.  of  paregoric);  and  Compound  Syrup  of  Squill 
(2  c.c.  =  4  mg.  of  tartar  emetic). 

Antimony  has  an  interesting  history.  Paracelsus  in  the  Bintccnth  century  praised  it 
as  a  panacea,  and  it  was  used  against  the  plague,  etc.,  perhaps  a  forecast  of  its  wf^ 
recent  use  in  chemotherapy.     However,  numerous  deaths  caused  its  formal  proscn|iti»6 

Trypanocidal  Action. — .\ntimony  and  bismuth,  as  well  as  arsenic,  are  highly  toxic  t" 
trypanosomcs,  although  not  to  all  protozoa. 

As  with  arsenic,  the  trivalcnt  form  of  antimony,  in  inorganic  or  organic  combinative, 
is  much  more  toxic  to  protozoa,  bacteria  and  yeast,  than  is  the  pentavalent  fonrt  (Fm<l- 
berger  and  Joachimglu.  igt?). 

At  the  suggestion  of  Cushny,  various  investigators  (Plimmer  and  Thrr 
Mesniland  Brimont,  igoK,  Thomson  and  Cushny,  igio,  Camac,  1911,  and  •>. 
successfully  used  injections  of  antimony-sodium  tartrate  in  experimental  and  huaun 
trj-panosome  infections.  The  intravenous  dose  for  man  is  10  mg.,  in  saline.  RowDtn* 
ana  Abel,  1910,  advocate  certain  organic  compounds,  such  as  sodium-antimony  tkkf' 
lycollalc.  They  have  the  advantages  over  the  organic  nrscnicals  in  that  the  oanaiW 
do  not  become  immune  aa  readily.  They  are  also  cheaper.  The  trypanocidal  ftctiviti 
of  tartar  emetic  is  greater  in  the  presence  of  serum;  this  docs  not  hold  for  anenicii^ 
(Shilling  and  Goretti,  1914). 

Jcmma,  1016.  states  that  tartar  emetic  is  speciGc  in  the  Leishmaniosis  of  cbildrt^ 

Halaria. — Tartar  emetic  has  proven  inefficient  cA'cn  in  large  in trm venous  4oiB 
(Law  and  Newham,  1917;  J.  W.  w.  Stephens  et  al.,  19x7). 
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PREPARATIONS — ANTtMOKY 

*AiUimomi  rf  Foiassii  Tariras  (Antim.  et  Pot.  Tart.),  U.S.P.;  Aniimonium  Tar- 
$aratum  (Antim.  Tart.).  B.P;  TarUrated  Antimony  (TarUr  Emetic).  2K  (SbO)C4H40« 
+  HsO. — Colorless,  transparent  crystals  or  while  granular  powder.  Sweet,  then  metal- 
lic taste.  Efflorescent.  Slightly  acid  to  litmus.  Incompalibie  with  alkalies  anl- 
tannins.  Sol.  in  water  (1:12)  or  filyc.  (1:15).  Insol.  in  ale.  Dose,  expectorant, 
5  mg.,  ha  gr.,  U.S.P.;  2.5  to  8  mg.,  1^5  to  .^  gr.,  B.P.;  emetic,  30  to  60  mg.,Ci  to  1  gr., 
BJ». 

*yinum  AntimonicU  (Vin.  .\ntim.),  B.P. — Contains  0.4  per  cent,  of  Tartaratcd 
Antimony.  Doscy  expectorant,  0.6  to  1.8  c.c,  10  to  30  mimms;  emetic^  8  to  16  c.c, 
3  to  4  drams,  B.P. 

Antim.  Oxid.,  B.P.,  Antimonious  Oxid,  SbjO]. — Gra}riah  powder,  insoL  in  water. 
Dose,  0.06  lo  0.12  Gm.,  1  to  2  gr.,  B.P, 

Puh.  Antim.,  B.P. — Antimonious  oxid,  i  part;  calcium  phosphate,  2  parts.  Dost, 
o.a  to  0.4  Gm.,  3  to  6  gr.,  B.P. 

Antim.  Sulphur.,  B.P.;  Sulphurated  Antimony. — A  mi;iLurc  of  antimony  sulphids 
and  oxids  and  sulphur.    Orange-red  powder.    Dose,  0.06  ro  0.12  Gm.,  1  lo  a  gr.,  B.P, 
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The  salts  are  very  corrosive,  consequently  readily  absorbed,  and  highly 
toxic.  Their  systemic  actions  are  similar  to  those  of  other  metals,  with 
a  special  f>aralytic  effect  on  respiration;  this  resembles  cyanid  poisoning 
superficially.  They  produce  a  characteristic  nephritis;  glycosuria;  and 
a  unique  edema. 

Systemic  Actions. — These  have  been  studied  especially  by  Woroschilsky,  1890,  and 
D.  E  Jackson,  igjo.  In  acute  poisoning,  the  respiration  is  peculiarly  affected,  first 
increased,  then  paraly7X'd.  This  result.s  in  the  usual  asphyxial  phenomena,  stimuUlion 
of  the  vasomotor  center  and  rise  of  hlood  pressure.  The  rcspiratoo'  parah-sis  is  the 
cause  of  death.     The  blood  is  rendered  non-coagulable  by  an  unknown  mechanism. 

Sublethal  doses  arc  followed  in  a  few  days  by  albuminuria  and  glycosuria;  parenchy- 
matous degenerations,  gastrointestinal  disturbances;  paralytic  symptoms;  and  changes 
in  ihc  blood  vessels. 

Excretioa  of  Uranium. — This  occurs  mainly  by  the  kidneys,  which  may  be  a  factor  En 
the  nephritis  fKarsncr.  Reimiinn  and  Brooks,  igi8). 

Anatomic  Changes  in  Uranium  Nephritis. — These  affect  both  the  tubular  epithelium 
and  the  glomeruU,  one  or  the  other  predominating  according  to  conditions  (Fleckseder, 
1907;  Heineke  and  Myerslcin,  1907;  Dickson,  iqoq).  The  vascular  mechanism  is 
involved  first,  but  the  tubular  changes  progress  longer  and  finally  predominate  (Mac- 
Nider,  191 3).  The  anatomic  and  functional  changes  are  more  severe  in  old  animals, 
and  arc  increased  by  anesthetics,  especially  chloroform  (MacNider,  1913,  1914)-  Dogs 
arc  more  resistant  than  rabbits  fO'Hare,  1913).  The  epithelium  shows  fatty  changes; 
the  glomeruli  are  congested;  or  the  glomeruli  shrink,  with  enlargement  of  the  glomerular 
space  (Tribe  et  al.,  19 16). 

Christian,  1911,  describes  characteristic  hyaline  droplets  in  the  vessel-walls  of  the 
glomerular  tufts.    These  do  not  occur  in  other  vessels  of  the  kidneys  or  in  othci  organs, 

(The  histology  of  uranium  nephritis  is  also  described  by  J.  Oliver,  IQ16;  and  by 
Tribe  et  al.,  1916). 

Repeated  injections  of  small  doses  produce  a  chronic  interstitiAl  nephritis  with  hbrous 
changes.  (These  are  not  as  severe  as  with  chromatcs;  arsenic  did  not  produce  inter- 
stitial changes;  R.  M.  Smith,  1911).  The  histologic  lesions  arc  similar  to  human 
chronic  diffuse  nephritis,  but  not  quite  identical.  They  are  not  assodaled  with  arterial 
lesions  (Dirkson,  1912"!. 

Urine  Changes.— In  the  early  (vascular)  stages,  the  quantity  and  spedEc  gravity 
of  the  urine  arc  increased.  Albumen,  glucose,  and  acetone  substances  a{^ear,  especially 
in  older  dogs  (MacNider,  1914!.  A  further  increase  of  urine  flow  may  be  secured  by 
caffein  or  salines,  although  the  response  is  slower  tlian  normal  (Th^shari  and  Giurea. 
iQio;  Boycott  and  Ryflel,  1913;  Moscnthal  and  Schlayer,  191.5).  With  the  apocarance 
of  the  epithelial  changes,  the  urine  decreases,  the  tubules  being  obstructed  by  tne  swell- 
ing and  desquamation  of  the  cells.  This  is  not  relieved  bv  diuretics,  although  thevafr- 
cular  response  to  the  diuretics  may  be  preserved  (MacNicfer,   1912,  1914,  1915).    The 
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excretion  of  chlorids  and  urates  is  diminiiihed  In  acute,  somewhat  increased  in  the  sub- 
acute nephritis;  i.t.,  it  varies  in  the  same  direction  as  the  urine  flow. 

Pohl  described  a  subacute  nephritis  in  rabbits,  with  pol>'uria  until  death,  and  with 
increased  excretion  of  nitrogen  and  diminished  chlurid  output.  DUnner,  1915.  fiods 
this  inconstant.  The  intravenous  injection  of  calcium  or  of  nypotonic  NaCl  converted 
this  subacute  nephritis  into  an  acute  form.     Isotonic  saline  had  no  effect. 

In  thi.s  stage,  the  renal  vessels  are  engorged  and  the  blood  flow  through  the  kidocytb 
increased,  but  the  oxygen  consuraplion  is  diminished  (Tribe  et  al,  1916). 

The  excretion  of  endogenous  creutinin  is  diminished  in  both  stages;  but  inject 
creatinin  is  completely  excreted  in  the  subacute,  retained  in  the  acute  (Kraus,  191 
The  phenol-s-phikalcin  excretion  also  varies  in  the  same  direction  as  the  urine  tlow  (Ei« 
brey,   1913)-     It   bears  no  definite  relation  to  the  histologic  lesions   (Smith,   191 

The  most  marked  effect  of  uranium  nephritis  is  a  depression  of  the  factor:  urine^] 
urea  diWded  by  plasma-urea.     This  is  fairly  parallel  to  the  anatomic  injury  (Witaoa 
ct  al.,  rqi?). 

The  non-protein  nitrogen  rdention  in  the  blood  goes  parallel  to  the  pbthalein  reten- 
tion; both  increase  and  recover  together,  except  that  the  phthalein  responds  more 
promptly  (Frothingham,  Fitz,  Folin  and  Denis,  igij;  Karsncr  and  Denis.  1914), 
However,  Mosenthal,  1914.  points  out  that  the  increase  of  non-protein  nitrogen  in  tl»e 
blood  is  not  necessarily  proof  of  retention,  but  could  be  explained  by  increased  protda 
destruction  or  by  inspissation  of  the  blood  through  pol>'una. 

Acidosis. — .MacKider,  iqi6,  finds  the  toxicity  of  uranium  associated  with  acid»ns^ 
sodium  carbonate  having  a  distinct  sa\nng  effect.  It  also  protects  the  uranium  kidncyt 
against  anesthetics,  so  that  these  produce  much  less  epithelial  degeneration. 

These  tindings  are  confirmed  by  Goto,  1917. 

Rarsner,  Reimann  and  Brooks,  iqiS,  also  constate  that  uranium  poisoning  is  almost 
alwaN's  accompanied  by  acidosis;  and  that  this  is  more  severe  in  older  aoimali.  Tlv 
albuminuria  always  precedes  the  acidosis;  so  tliat  the  acidosis  is  not  the  cmsseof  U^ 
nephritis. 

Hepatic  Degeneratioii. — This  has  been  studied  on  dogs  by  MacNider,  19:9  It  ii 
similar  tu  that  seen  after  mercury,  and  is  parallel  to  the  acidosis,  rather  than  * 

Uranium  Glycosuria. — This  develops  on  the  first  or  second  day.  Thr 
sists  partly  in  increased  permeability  ot  the  kidncv^  for  sugar,  for  it  may  occur  wimuut 
hyperglycemia  (Franck,  1913),  and  may  even  relieve  lupcrglycemia  when  this  is  du# 
to  decreased  permeability  of  the  kidney  cells  ( Pollak,  191 1 ) .  The  sugar  docs  not  b(*f 
any  definite  relation  to  the  other  urinary  constituents,  except  albumin,  which  foo 
fairly  parallel  (Wallace  and  Myers,  1914)-  However,  uranium  may  itself  otuse  hyper- 
glycemia, even  when  the  kidneys  are  excised,  so  that  part  of  its  action  must  be  tfto^ 
renal  CFleckseder,  1006). 

Nephritic  Glycosuria. — Glycosuria  without  h>'perglycemiA  occurs  with  noof 
nephritic  poisons.  With  cantharides,  it  is  attributen  to  increased  permeability  of  tiw 
vessels;  with  uranium,  chromium,  tellurium,  mercury  and  aloin,  to  lesions  of  the  tuboUr 
epithelium  iLu/zato.  1914). 

Uranium  Hydrops. — The  h\'podermic  administration  of  uranium  salts  produce 
general  anasarca  and  ascites  (Leconte,  1854;  Richler,  1904).  a  highly  albumiiKHU flmii 
transuding  mainly  into  the  serous  cavities,  but  also  into  the  other  tissues,  and  citeodns 
even  to  the  fetus  im  utero  (Ribcrgcil,  1905). 

It  seemed  natural  to  explain  this  by  nephritis  and  anuria,  but  this  explanatioo  docs 
not  correspond  to  the  facts.  Nephrectomy  alone  does  not  produce  b>-drops,  so  that  the 
anuria  does  not  furnish  the  explanation.  On  the  other  hand,  the  urKnium-h)iJn^ 
occurs  in  nephrectomized  animals,  so  that  the  kidne>'s  are  not  concerned  in  its  produc- 
tion (Flecksederl;  nor  do  the  histologic  kidney  lesions  bear  any  relation  to  theedeni 
(R.  M.  .Smith,  191 1).  The  fundamental  change  consists  presumably  in  an  altered  pO> 
meability  of  the  capillar>'  walb  (Richtcr,  i904).  The  injection  of  the  blood  of  viMm 
animals  into  chromatc  animals  also  produces  edema  (Heineckc,  1905;  BUock^  l9Ei6)* 
Edema,  however,  occurs  only  in  animals  which  are  freely  supplied  with  water— otkf- 
wise  the  uranium  causes  anuria  without  hydrops  (FlecksederV  Retentiofi  of  Siltiii 
not  connected  with  its  production  (Richter,  1905).  In  acute  uranium  pntfrmiftfi  tkc 
lymph  jUnv  is  not  increased  I* Jackson.  1910). 

Uranium  poisoning  interferes  with  the  restoration  of  the  blood-volone  afkvfl^ 
infusion  (Bogert,  L'ndt-rhill  and  Mendel.  1916). 

Oral  Intoxication  by  Insoluble  Uranium  Coor^tomids. — Althotir^^  'K-^r^i^Tn  ojaAnA 
uranyl  nitrate  are  nearlv  insoluble  in  water,  they  arc  hichly  toxit  .1  by  vootk 

(to  guinea  pigs),  since  they  art  fairly  soluble  in  dilute  bvdrochlon<  trfttm ctaL. 
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Therapeutic  Uses. — The  soluble  uranium  nitrate  has  been  used  in  diabetes  meUitus 
and  in  phthisis  in  doses  of  7:;  niR.  (i  gr.);  largely  diluted.  The  results  arc  too  indefinite 
to  justiJEy  the  further  employment  of  so  dangerous  an  agent. 

PREPARATION — URANIXJM 

Vranii  Niiras  (Uran.  Nit.),  U.S.P.j  UO,fNO,)i  +  6HaO.— Light  yellow  prismsj 
bitter,  astringent  taste.  Freely  sol.  in  water  (1:1. i)  or  in  ale.  Dose,  o.oi  Gm.,  H 
gr.,  U.S.P.;  diluted.     Use  with  caution. 


BISMUTH 

The  in&oluble  basic  bismuth  sails  are  used  on  inflamed  surfaces.  They 
act  largely  mechanically,  as  protective  and  drying  dusting  powders.  The 
use  of  soluble  bismuth  preparations  is  therefore  irrational.  The  insoluble 
bismuth  compounds  arc  also  employed  in  X-ray  diagnosis.  Even  large 
doses  are  ordinarily  harmless,  but  may  become  poisonous  under  special 
conditions.  The  medicinal  use  of  bismuth  is  said  to  date  from  Dr.  Odier 
of  Geneva,  17S5. 

Local  Actions  of  Insoluble  Basic  (oxy)  Bismuth  Salts. — These  form 
fine  adhesive  powders.  The  subcarbonale,  subsalicylate  and  magma  are 
insoluble  in  water.  The  subnilrate  and  subgallate  are  somewhat  hydro- 
l^-zed  and  therefore  very  slightly  soluble  (Bonfek,  1910;  Stingel,  1911). 
Their  solubility  in  the  body-fluids  is  only  very  slight. 

They  have  a  marked  healing  effect  when  dusted  on  wounds  and  on 
inflamed  mucous  surfaces.  Applied  to  wounds,  they  dry  the  secretions 
and  form  a  protective  covering,  so  that  the  wound  heals  as  under  an 
aseptic  scab.  This  action  is  partly  mechanical,  due  to  the  stoppage  of 
the  lymph  and  blood  capillaries  by  the  line  particles  of  the  powder  (H. 
H.  Meyer,  1885).  Other  indifferent  substances  in  an  equally  fine  stale  of 
subdivision  have  a  similar  action.  However,  a  small  amount  of  bismuth 
undoubtedly  goes  into  solution,  and  aids  by  exerting  an  astringent  and 
mild  antiseptic  action;  indeed,  the  basic  bismuth  sails  are  among  the 
most  effective  of  the  non-irritant  intestinal  antiseptics  (Sollmann,  1908). 
In  the  ah'mentary  canal,  the  basic  bismuth  salts  act  not  only  in  the  man- 
ner indicated,  but  also  by  precipitating  hydrogen  sulphid  (Stingel,  igii). 
Bismuth  stools  arc  therefore  black.  The  subcarbonatc  (not  the  sub- 
nitrate)  is  a  slowly  acting  antacid  (J.A.M.A.,  60:1175). 

Therapeutic  Use  in  Digestive  Disorders. — The  combination  of  these 
actions  render  the  subnitratc  or  subcarbonale  (0.5  to  2  Gm.,  8  to  30  gr., 
every  two  to  four  hours)  very  useful  for  allaying  diarrhea  (X-ray  observa- 
tions, Hesse,  1913)  and  gastritis,  and  sometimes  against  vomiting.  They 
may  be  combined  with  other  intestinal  antiseptics,  such  as  salol.  The 
bismuth  powders  are  similarly  useful  in  gastric  ukers  (i  to  2  Gm.  suspended 
in  fluid,  before  each  meal).  They  lessen  gastric  secretion  and  acidity 
(Baslcdo).  In  normal  individuals,  bismuth  is  not  constipating,  even 
with  the  large  doses  used  in  X-ray  work  (Cannon,  191 1).  This  indicates 
that  the  effects  are  on  the  inflammation,  and  not  on  the  peristalsis. 

Hulsc,  iQio,  claimed  tliat  "bismuth-milk"  (a  suspension  of  the  hydro:nd)  doe*  not 
check  diarrhea,  the  stools  remaining  light-colored.  However,  Stingel  found  that  these 
pr^arations  abo  bind  sulphids. 

Like  other  intestinal  sedatives,  bismuth  subnitratc  is  said  to  dimmish  vHc  acid 
txcretion  (Ahl.  1913). 

Use  In  X-ray  Diagnosis. — The  opacity  of  the  bismuth  salts  to  X-rays  makes  them 
very  suitable  for  outlining  the  shape  and  movemcnt5  of  the  alimentary  canal.     About 
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50  Gm.  (3  ounces)  of  the  subcarbonatc  (not  the  subnitnite)  are  administere<j,  Mispendcd 
in  buttermilk,  thick  soup.  etc.  Best  and  Cohnhcim,  io«i,  believe  that  the  btsmm"^ 
meal  debys  the  empt>nng  of  the  stomach  by  an  hour.  The  use  of  other  Msbslanccs  k 
radiographic  purposes  is  discussed  in  Merck's  Report,  37:43,  1914. 

Other  Uses.^ — Bismuth  is  used  as  dusting  powder  or  ointment  (3* 
per  cent.)  on  tdcers  and  other  open  surfaces  and  mucous  membranes*^ 
Suspensions  containing  10  per  cent,  of  bismuth  suhnilratc  may  be  in- 
jected in  urethritis.     Bismuth  poisoning  may  arise  if  it  is  applied  loo' 
extensively,  or  if  it  is  confined,  as  in  the  injection  of  bismuth  paste  into 
sinuses. 

Bismuth  Paste. — E.  Beck  introduced  a  paste  of  1  part  of  bismuth  subnitrate  and  t^ 

parts  of  petrolatum,  in  chronic  suppurative  abscesses  and  sinuses,  often  with  cuntive, 
results.  The  injections  arc  made  at  first  every  three  or  four  days,  then  not  oftcncr  tlian, 
once  a  week.  Acute  abscesses  do  not  respond.  Stomatitis  has  followed  its  use  aftcfl 
three  weeks;  on  its  occurrence  the  remaining  paste  should  be  washed  away  with  wannoiLJ 
Jensen,  1913,  also  reports  nitrite  poisoning  from  fistula:  infected  with  b.  coli. 

The  tcchnic  and  precautions  for  the  use  of  bismuth  paste  are  described  by  £. 
Beck,  igi6. 

Differences  Between  Bismuth  Salts. — The  subnitrate  and  subcarboa-4 
ate,  the  oldest  of  the  insoluble  bismuth  compounds,  answer  every  piirpo6e.j 

Various  organic  sails  have  been  introduced  as  substitutes,  such  as  the  subgallitc 
(Dermatol),  especially  for  dusting  powders;  but  it  is  difl^cult  to  see  how  they  can  be 
superior  to  the  much  more  economical  older  products.  In  other  substitutes,  antiseptic 
aromatic  radicals  have  been  introduced,  but  the  same  or  better  results  can  be  secured  by 
mixing  the  ordinary  bismuth  salts  with  other  insoluble  antiseptics^  such  as  saXol  or 
betanaphthol;  in  fact,  however,  the  bismuth  alone  is  sufficiently  antiseptic  for  lU 
purposes  for  which  it  is  used. 

There  is  little  difference  between  the  actions  of  the  subcarhouaU  and  suhnitrji<;  hut  oa 
the  whole,  the  subcarbonate  deserves  the  preference,  since  it  can  not  give  rise  to  nitrtcs. 
The  subnitrate  has  also  been  said  to  be  irritant,  since  it  consists  of  sharp-potnled 
microscopic  crystals,  whereas  the  subcarbonate  is  amorphous.  This  supposed  uriu&t 
action  is  wholly  imaginary,  as  can  be  shown  by  dusting  the  subnitrate  on  lU 
conjunctiva. 

The  use  of  soluble  bismuth  salts  is  irrational,  since  they  lack  the  soothing  qualititt 
which  constitute  the  main  value  of  the  insoluble  products.  The  double  citrates  sJt 
indeed  partly  precipitated  in  the  acidity  of  the  stomach;  but  the  quantity  of  the  precipi- 
tate is  too  small  to  be  effective  (SoUmannl.  Their  introduction  was  due  mainlv  to  Uw 
extravagant  desire  for  "elegant  pharmacy"  which  was  responsible  for  the  oii-irec  cod- 
liver  oil  preparations. 


Absorption  and  Excretion.— A  small  amount  of  the  basic  bisiriu 

salts  is  dissolved  by  the  acid  gastric  juice,  is  absorbed,  and  excreted  by  the 
lu-ine  (Dorner  and  Weingaertner,  ipoq),  moulh  and  large  intestines.  The 
quantity  is  not  sufficient  to  produce  any  systemic  effects.  The  corrosive 
soluble  salts  are  absorbed  more  extensively,  and  even  the  insoluble  sail* 
may  be  absorbed  sufficiently  from  extensive  burns  to  produce  poisoning 
(T.  Kocher,  1882).  In  human  poisoning  the  bismuth  was  found  maiflb'' 
in  the  stomach  and  kidneys,  and  a  little  in  the  liver  (Barthe,  1913). 

Poisonous  Effects  of  Bismuth  Compounds. — Even  very  large  doses  of 
insoluble  bismutli  salts  do  not  ordinarily  produce  any  harmful  effedi 
when  taken  by  mouth.  Under  other  conditions,  toxic  symptoms  may 
arise. 

The  phenomena  may  take  several  forms:  nitrite  effects  from  the  re- 
duction of  bismuth  subnitrate;  capillary  thrombosis  from  precipitation 
of  bismuth  sulphid  in  the  intestinal  vessels;  chronic  bismuth  poisomng; 
and  the  acute  effects  of  soluble  corrosive  bismuth  salts. 
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Cabot,  191 2,  has  collected  thirty-three  human  cases,  of  which  thirty-one  were  from 
injectiuns  into  sinuses  or  wound  dressings  in  extensive  bums.  He  also  reviews  the 
experimental  work. 

The  literature  of  bismuth  poisoning  is  also  reviewed  by  W.  H.  Higgins, 
1916;  and  J-  Phillips,  1917. 

Nitrite  Poisooing. — The  use  of  the  relatively  enormous  doses  of  bismuth  subnitrate 
for  radiodiagnostic  purposes  1ms  caused  several  intoxications,  ^\*ith  methemoglobinemia, 
intense  cyanosis,  diarrhea,  dyspnea  and  death  by  arrest  of  respiration.  These  effects 
are  not  due  to  tnc  bismuth,  but  to  the  production  of  nitrite  by  the  reducing  action  of 
putrefactive  fecal  bacteria,  especially  in  the  large  intestines  and  rectum  (Benncke  and 
Hoffman,  1006;  Bochme,  IQ07;  K.  G.  Beck,  iQog;  Zollinger,  IQ12;  Zadek,  rpu). 

Precipitation  of  Bismuth  Sulphid. — Bismuth  forms  a  black  and  very  insoluble 
sulphid.  Since  HjS  is  always  present  in  the  large  intestine,  the  feces  arc  always  colored 
black.  When  the  bismuth  Ls  in  the  blood,  the  precipitation  may  occur  in  tlic  vessels 
of  the  large  intestine,  and  lead  to  capillary  embolism,  and  this  to  ulceration,  with  the 
clinical  syfnptcms  of  vomiting,  diarrhea,  cramps,  colic,  and  colitis — the  latter  ver>'  rarely 
as  severe  as  with  mercury.  The  autopsy  in  bismuth  poisoning  shows  the  staining  of  the 
cecum,  adjoining  colon  and  appendix;  less  in  the  aesceoding  colon;  and  none  in  the 
small  intestines  (Cabot,  1912). 

Bismuth  sulphid  is  also  precipitated  in  the  mouth,  and  forms  a  "Uad-litu!"  at  the 
junction  of  the  gums  and  teeth;  then  patchy  discoloration  of  the  adjacent  mucosa 
and  tongue,  and  general  stomatitis.  These  are  prominent  symptoms  in  chronic  bismuth 
poisoning  fWarneld,  igia). 

Direct  Systemic  Actions. — These  can  be  elicited  by  intravenous  injection  of  the 
non-precipitant  salts.  They  may  also  occur  from  relatively  small  doses  of  the  soluble 
bismuth  salts  when  taken  by  mouth,  since  these  are  strongly  corrosive. 

If  a  soluble  bismuth  sali  is  injected  directly  into  the  blood,  it  produces  the  arsenic 
phenomena  on  blood  vessels.  There  is  perhaps  also  a  direct  invoW'ement  of  the  central 
nervous  system  and  depression  of  the  vasomotor  center.  The  heart  muscle  is  also 
depressed.  The  blood  pressure  sinlts  therefore  very  rapidly  (Meyer  and  Steinfeld. 
1885). 

Clinical  Bismuth  Poisoning. — This  is  characterized  by  fever,  head- 
ache, stomatitis,  lead-line,  gastro-intestinal  irritation,  colic,  and  albu- 
minuria. It  differs  from  lead  poisoning  by  the  absence  of  paralytic, 
circulatory,  blood  and  respiratory  changes.  Fatal  cases  may  show 
convulsions  and  lock-jaw  (Zollinger,  1912). 

If  bismuth  symptoms  develop  with  Beck's  paste,  this  should  be  removed  with  warm 
olive  oil.  curetting  if  necessary.  Oxygen  and  saline  may  be  administered  for  methemo- 
globinemia (Zollinger,  igw)- 

PREPARATIONS — BISUUTH 

Bismuthi  Brtanaphiholas  (Bism.  Betanaph),  U.S. P.  (Orphol). — A  compound  of 
bismuth  and  betanaphthol  of  somewhat  varying  composition,  yielding  not  less  than 
7j  per  cent,  of  BijOa.  Decomposed  into  its  constituents  in  the  intestine.  A  buff- 
colored  to  grayish-brown,  amorphous  powder;  odorless,  tasteless,  nearly  insol.  in  water 
and  ale.     Dose,  0.5  Gm.,  S  gr..  U.S. P. 

Bism.  et  Amman.  Cit.,  U.S. P. — Of  somewhat  varying  chemical  compoaition;  yields 
not  less  than  46  per  cent,  of  BiiOi.  Very  sol.  in  water  and  sparingly  sot.  in  ale.  Used 
for  making  bismuth  solutions  and  elixirs.     Dose,  0.125  Gm.,  2  gr.,  U.S. P. 

Li4i-  Bism,  et  Amttutn.  Cii.,  B.P,     Dose,  2  ta  a  c.c,  J^  to  i  dram,  B.P. 

Afagma  Bismntki  (Magma  Bism.),  U.S. P.  (Milk  of  Bismuth). — A  thick,  white, 
opaque  liquid,  containing  bismuLli  hydxojud  and  bismuth  subcarbonate  in  suspension 
in  water.  Prepared  by  precipitating  a  solution  of  Bismuth  nitrate  with  Ammonia; 
corresponding  to  about  6  per  cent,  of  BiiO|.    Dose,  4  c,c.  (i  dram),  U.S. P. 

*Bismuthi  SubcarboHas  (Bism.  Subcarb.),  U.S.P.;  Bism.  Carb.,  B.P.  (Bismuth  Oxy- 
carbonate). — Of  varying  chemical  composition;  yields  not  less  than  go  per  cent,  of 
BitOt.  White  powder;  odorless  and  ta^telefts.  Insol.  in  water  oc  ale.  IncompatibU 
with  acids,  sulphur,  sulphids.  and  iodids.  Dose,  0.5  Gm.,  8  gr.*  U.S.P.;  0.3  to  i.a  Cm., 
S  to  20  gr,  B  P.,  in  powders  or  suspension. 

Track.  Bism.  Co.,  B.P. — Each  contains  0.15  Gm.  of  Bism.  Subcarb.,  axs  of  Magn. 
Carb.,  and  0.5  of  Calc.  Carb. 
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*Bism.  SubgalUis  (Bism.  Subgatt.),  U.S.P. (Dermatol). — 01  vamng chcmicaJ  oomi 
tion;  yields  not  less  than  52  per  cent,  of  BiiOi.  An  amorphous,  bright  \x11dw  pow( 
odorless  and  tastek'ss.    Insol.  in  water  or  ale.    Doj:e,  0.5  Gm.,  8  gr.,  U.S.?, 

^Bismutki  SubnUras  (fiisn.  Subnit),  U.S.P. , B-P-(Bismuth  Oxynitrmtc). — Of  \'ar>*u 
chemical  composition;  yields  not  less  than  7g  jier  cent,  of  BifOi.  A  white  po«rdi 
odorless,  almost  tasteless,  and  slightly  hv-groscopic;  almost  insol.  in  water,  insof.  in  al 
IncompatihililUs,  sec  Bism.  Subcarb.;  effervesces  with  soluble  carbonates.  Dci 
0.5  Gra.,  8  gr.,  U.S.P. ;  0.3  to  1.2  Gm.,  5  to  20  gr.,  B.P. 

'Bism.  Snhsai.,  U.S.P.;  Bism.  Sai.,  B.P.— Of  var>'ing  chemical  composition;  >'iel(! 
not  less  than  62  per  cent,  of  Bij0.t.     A  white  or  nearly  white,  amorphous  or  crystallii 
powder;  odorless,  tasteless;  almost  insol.  in  cold  water.     Incompaliiu  with  acids,  all 
Ues,  alcohol,  tannin,  or  iron.     Dose,  0.5  Gm..  8  gr.,  U.S.P.;  o..^  to  1.2  Gm.,  5  to  logr. 
B.P. 


moN 

General  Statement — Iron  occurs  widely  distributed  in  the  body,  ini 
several  more  or  less  firm  and  non-ionizable  combinaiions.     It  is  found  tiij 
all  chromatin*  and  therefore  in  all  cells;  in  the  hemoglobin  of  the  blood; 
and  in  granular  form  as  "reserve  iron"  in  the  blood-forming  and  desuoy- 
ing  organs.    It  is  also  a  necessary  constituent  of  the  oxidases. 

Iron  is  therefore  of  great  imj^orlance  in  metabolism.  When  adiniift*! 
istered  to  normal  animals,  it  has  no  systemic  action,  but  increases  the' 
**reserve  iron."  In  most  anemias,  the  administration  of  iron  tends  to 
restore  the  hemoglobin  to  the  normal  and  therefore  improves  nulritioru 
The  soluble  ionizable  salts  exert  local  astringent  effects. 

Direct  systemic  actions  may  be  secured  by  the  intravenous  or  h;. 
tion  of  non-precipitating  salts,  or  by  the  absorption  of  corrosive  pr^  | 
effects  re.'icmbie  tnosr  of  arsenic  (H.  Meyer  and  Williams,  1S81;  Jacol_;j.  ..-..,  . 
etlects  occur  with  60  mg.  per  kilogram,  hypodermic  or  by  vein;  but  not  with  thcn^icvtk' 
hypodermic  doses  (Lupine,  1897I. 

Astringent  Action  and  Uses. — The  soluble  salts,  especially  the  ferric, 
precipitate  proteins  readily  and  are  therefore  stvptic,  astringent,  irritant 
and  even  corrosive.  Their  internal  administration  is  apt  to  produce  some 
gastric  irritation  and  constipation.  The  tincture  of  ferric  chlorid  is  cm- 
ployed  as  an  astringent,  especially  in  gargles  (i:io);  this,  and  other  iron 
salts,  particularly  the  Liq.  Ferri  Substilph.,  are  also  used  as  local  styptics.  ■ 

In  iitmorrhage,  the  efficiency  of  coagulant  astringents  is  low;  even  under  favorable 
experimental  conditions  (lianzlilc,  igiS). 

The  administration  of  iron  does  not  rause  renal  irritation. 

Ringworm. — Garrett,  1913,  recommends  painting  the  scalp  with  undiluted  IJQ- 
Ferri  Chlor.  I'ortis. 

Income  and  Output  of  Iron. — The  body  of  an  adult  man  contains  about 
3.0  to  3.5  Gm.  of  iron,  of  which  about  2.4  to  2.7  Gm.  are  in  the  form  of 
hemoglobin.  On  a  normal  diet,  he  excretes  daily  about  20  mg.  of  iron; 
even  in  starvation  the  excretion  averages  about  8  mg.  (F.  Mueller). 
This  is  normally  replaced  by  the  absorption  of  iron  from  the  food.  A 
daily  minimum  income  of  6  to  12  mg.  is  required  to  maintain  the  equi- 
librium. The  iron  content  of  the  ordinary  daily  diet  may  vary  betwcfo 
7  and  35  mg.,  generally  between  11  and  ig  mg.,  16  mg.  being  the  rocan 
value  (Sherman.  1907;  extensive  bibliography).  The  iron  incomr  i* 
therefore  ordinarily  more  than  sufficient  for  the  needs:  this  even  in  oibrr- 
wise  poorly  nourished  indi\aduals,  since  a  vegetable  diet  is  relatively  ricb 
in  iron.  . 

1  A.  P.  Mathevi  states  that  recent  work  throws  doabt  on  the  prewnot  of  iton  in  all  i»cM- 
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Iron  Content  of  Foods. — This  varies  considerably,  a  fact  which  may  be  utilized  in 
the  treatment  of  anemias.  It  sufiBccs  to  remember  that  bloo<i,  meat,  yolk  of  eggs,  and 
the  green  portions  of  vegetables,  carrots,  fruits,  etc,  arc  especially  rich  in  iron  (17  to  40 
mg.  per  100  Gm.  of  diy  substance);  while  egg-white,  milk,  and  the  cereals  (espedally 
white  flour)  are  poor  in  iron.     Whole  whettt,  potatoes  and  the  legumes  are  intermediate. 

Dock  (Rumex  crispus),  according  to  Sacnet,  has  the  highest  iron  content  of  any 
plant,  and  has  therefore  been  recommended  for  anemia  (Vasscur,  1905).  It  is  claimed 
(Gilbert  and  Lercboulict,  IQ06)  that  this  content  of  organic  iron  can  be  considerably 
raised  by  cultivating  the  plant  on  a  soil  artificially  enriched  with  ferrous  carbonate. 

The  iron  of  plants,  when  once  fixed  in  the  leaves,  is  not  transported  into  new  tissue; 
difiering  in  this  respect  from  N,  K  or  P  (Gile  and  Carrero,  1916). 

Metabolism  of  Iron. — The  increase  of  the  iron  content  of  the  body  in 
growing  animals,  and  the  equilibrium  in  adults,  are  sufficient  evidence 
that  food-iron  is  normally  absorbed,  metabolized  and  excreted.  The  con- 
troversy, whether  inorganic  iron  compounds  can  also  be  metabolized, 
naay  now  be  considered  settled  in  the  affirmative:  their  fate  is  identical. 

All  compounds  of  iron  undergo  some  preliminary  and  probably  un- 
iini>ortant  changes  during  digestion.  They  are  then  absorbed,  mainly 
from  the  duodenum,  but  also  in  decreasing  order  from  the  succeeding 
portions  of  the  intestine.  A  part  generally  escapes  absorption  and  is 
eliminated  by  the  feces.  The  part  which  is  absorbed  passes  into  the 
intestinal  epithelium  in  a  dissolved  condition,  the  organic  compounds 
being  at  the  same  time  changed  into  looser  combinations.  The  absorbed 
iron  may  then  pass  directly  into  the  capillaries;  or  through  the  stroma  into 
the  lymph,  reaching  the  blood  via  the  thoracic  duct.  The  relative  r61e 
of  the  blood  and  lymph  absorption  is  not  yet  clear,  but  it  seems  that 
normally  the  main  absorption  is  directly  into  the  blood. 

From  the  blood,  the  iron  is  deposited  as  granules  in  an  easily  decom- 
posed organic  form  (ferratin)  in  the  cells  of  the  hematopoetic  organs,  in 
the  liver  and  red  marrow,  and  particularly  in  the  spleen,  to  a  less  extent 
in  the  kidneys.  In  this  form  it  remains  until  it  is  used  or  excreted.  The 
spUen  seems  to  be  important  in  maintaining  the  iron  reserve  and  in  pre- 
venting excessive  excretion. 

The  excreiimi  occurs  mainly  by  the  large  intestines  with  traces  In 
the  urine,  bile  and  gastric  juice.  The  excreted  iron  is  in  firm  organic 
combination. 

The  utilization  of  the  iron,  its  transformation  into  hemoglobin,  occurs 
only  as  needed;  so  that  the  total  quantity  of  hemoglobin  does  not  rise 
above  normal.  The  same  is  probably  true  of  its  utilization  by  other  cells. 
An  excessive  absorption  of  iron  results  merely  in  an  increase  of  the  reserve 
slock - 

The  administration  of  iron  is  therefore  useful  only  in  those  conditions 
ixi  which  the  norma!  income  or  the  assimilation  of  iron  is  deficient. 

Organic  and  Inorganic  Iron. — To  understand  the  foliow'ing  discussions,  it  ts  necessary 
to  have  a  clear  conccfjtion  of  the  terms  "inorganic"  and  "organic"  iron.  Inorganic 
iron  preparations  contain  the  metal  in  ion-form;  i.e.,  the  iron  can  be  separated  from  them 
by  electrolysis;  and  they  give  the  ordinary  iron  reactions  (with  ammonium  sulphid, 
fcrrocyanid.  or  hemoloxylin)  without  preliminary  treatment  of  any  kind.  It  is  imma- 
terial whether  the  iron  is  combined  with  an  organic  or  inorganic  anion,  Even  the  ai- 
buminatc  of  iron  is  considered  as  "inorganic"  in  this  sense. 

Organic  iron  ("ntcsked'^  or  "  iwn-i^nir'^)  preparatlotts^  on  the  other  hands,  contain 
tile  mct^l  as  a  constituent  part  of  the  molecule,  in  a  non-dissociable  condition^  so  that 
*liey  do  not  gfve  the  iron  tests  until  the  metal  has  been  liberated  by  the  decomposition  of 
tllis  molecule.  There  are  all  decrees  in  the  firmne.cis  of  the  orgnnic  combination;  some 
*re  decomposed  by  dilute  adds  f  ferratin,  the  granules  in  which  the  iron  reserve  is  stored 
■Q  the  spleen,  Mvet,  etc.);  in  others  (hemoglobin,  and  the  iron  of  food)  nothing  short  of 
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combustion  or  heating  with  concentrated  acids  wUl  liberate  the  iron.  In  certain: 
organic  compounds,  e.g-,  the  various  double  salts  containing  citric  and  tartaric  a< 
the  iron  is  also  largely  non-ionic,  but  can  be  easily  liberated.  In  molecular  compoui 
such  as  ferrocyanids,  the  iron  is  very  firmly  combined. 

Hematoxylin  (fresh  H  per  cent,  solution  in  water)  is  one  of  the  best  reagents,  sioce! 
retains  its  ycUow  color  with  masked  iron,  but  is  blackened  by  inorganic  fMacallur 
1897).  However,  acids  interfere  with  the  reaction,  so  that  "dialysed  iron,"  alttwui 
inor^nic,  does  not  react  until  it  is  made  alkaline.  Ammonium  i»ulphid  U  also  a  , 
rciist-'nt;  but  its  prolonged  contact  liberates  iron  from  the  less  firmly  ma-skcd  compooiHLl 

Nature  of  Food-iron.— Iron  occurs  in  food  exclusively  in  organic  form,  moreorka' 
Brmly  masked,  gencnilly  in  combination  with  nuclco-proteins.  The  tir>t  natural  iron 
nucJeo-protcin  was  prepared  by  Bunge,  1885,  from  cgg-yo!k  and  named  Hematocca. 
Zftleski  also  found  an  iron  nucleo-protein  in  the  liver.  This  was  later  isolated  by  Mar- 
fori  and  Schmiedeberg,  1394,  ana  named  Ferratin.  These  products  are  probably  not 
uniform  substances,  smce  they  contain  varying  proportions  of  iron  (Salkow&ki.  1909). 
Schmiedeberg  and  Marfori  also  prepared  what  they  considered  an  Artificial  Femltet 
by  the  interaction  of  iron  and  alkaline  egg-albumin.  It  has  been  shown,  however,  ibit 
this  lias  absolutely  no  relation  to  the  natural  substance,  being  simply  a  rather  firm  ferri- 
albuminate  {De  Groot.  iSgs;  Battistini,  1S95).  While  true  ferratin  is  not  attacked  by 
digestion,  tlie  artilicial  is  converted  into  ferric  chlorid.  It  has  therefore  no  advaotigf 
over  the  ordinary  mild  iron  salts. 

Hemoglobin  holds  the  iron  much  more  firmly  than  most  other  compounds.  It  is 
converted  into  hematin  in  the  stomach  (Rep.  Counc.  Pharm.  Chem..  1911;  64).  Its 
further  fate  is  not  known,  but  at  least  a  part  of  its  iron  is  evidently  absorbed,  since  its 
administration  can  satisfy  the  iron  requirements  of  the  body.  It  ^as  do  serious  then- 
peutic  advantage. 

Outline  of  the  Iron  Controversy. — Even  the  ancients  employed  iron 
in  the  treatment  of  anemia;  drinking  water  in  which  swords  had  been 
allowed  to  rust.  Perhaps  they  were  led  to  do  so  by  an  obscure  idea  that 
the  strength  of  the  steel  would  in  some  way  pass  into  the  patient.  With 
the  discovery  of  the  presence  of  iron  in  the  blood  (Menghinis,  1746),  ih* 
therapeutic  results  seemed  to  be  easily  explained  on  the  assumption  that 
the  iron  is  absorbed  and  converted  into  blood,  much  as  the  nitrogen  of 
food  is  converted  into  muscle.  The  earlier  experiments,  however,  failwi 
to  show  any  absorption  of  the  medicinal  iron  preparations.  This  W 
some  writers  to  consider  the  clinical  results  obtained  with  iron  as  largely 
imaginary;  while  others  (especially  Bunge,  1885)  were  inclined  to  attribute 
them  to  the  local  actions  of  iron  in  the  alimentary  canal. 

There  could  never  be  any  question  as  to  the  absorption  of  food-injn. 
for  the  hemoglobin  increases  with  the  growth  of  the  animal.  The  same 
holds  true  for  certain  organic  irons,  and  Macallum  (1894)  and  Hall  (1896) 
studied  this  absoqjtion  by  microcheraic  methods.  The  absorption  of 
inorganic  iron  was  also  proven,  but  the  latter  result  was  criticized,  the 
objection  being  made  that  the  iron  had  produced  corrosion.  This  vas 
finally  withdrawn,  but  it  was  now  claimed  that  inorganic  iron,  while  it 
is  absorbed,  can  not  be  converted  into  hemoglobin  (Abderhalden,  1S99; 
Hoffmann,  1900);  but  that  it  is  nevertheless  beneficial  In  anemia,  by 
stimulating  the  blood-producing  organs  to  a  better  use  of  the  or^ganic 
irons.  This  objection  was  also  found  untenable  and  abandoned  (Abder- 
halden, 1906).  It  appears  therefore  that  inorganic  iron  is  absorbed 
assimilated  and  converted  into  hemoglobin,  precisely  like  food-iron. 

The  long  resistance  to  the  acceptance  of  this  explanation  was  due  largely  to  tbtlKt 
that  the  conversion  of  iron  into  hemoglobin  would  have  been  an  unique  instance  of  6e 
synthesis,  in  the  animal  organism,  of  a  protein  from  an  inorganic  compound.  It  is  do« 
probable  that  the  phosphorus  of  nucleo-protein,  and  probably  Other  proteins,  may  >l9» 
DC  derived  from  inorganic  sources. 

Howe\'er,  even  without  prejudice,  the  problems  of  iron  metabolism  presented  soDt 
peculiar  difficulties,  which  could  be  only  gradually  overcome  (critical  bildioffnpbj' 
Erich  Meyer,  1906). 
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ETidence  from  Excreta. — If  one  wishes  to  show  the  absorption  of  nitrogen  or  of 
chlorids,  it  suffices  to  estimate  the  quantity  of  these  substances  in  the  food,  and  in  the 
feces  and  urine.  The  same  method  was  applied  to  iron.  The  results  seemcci  to  show 
that  absolutely  no  absorption  occurs,  for  the  iron  of  the  feces  approximates  tiiat  of  the 
food  (KJetzinsky,  1R54)  and  the  iron  in  the  urine  is  not  at  all  increased.  It  was  soon 
shown,  however,  that  the  intestines  arc  the  principal  channel  for  the  excretion  of  the 
iron;  for  the  feces  contiincd  this  metal  even  in  5tar\'alion;  and  when  iron  was  injected 
subcutaneously  vcr>'  much  more  was  excreted  by  the  feces  than  by  the  urine.  It  was 
therefore  evidently  impossible  to  decide  whether  the  fecal  iron  was  unabsorbed  or  ex- 
creted. Absorption  couM  be  proven,  by  this  method,  only  if  it  predominated  greatly 
over  the  excretion.  The  estimation  of  the  iron  in  the  bile  and  in  the  intestinal  Juice 
gave  similarly  inconcluisivf;  results. 

Iron  Excretion  by  Urine. — This  alvva>'S  contains  traces  of  iron  (in  man,  normally  i  to 
2  mg.  daily),  partly  in  rather  loose,  partly  in  very  firm  combinations  (Woltcr,  tqio). 
There  is  practically  no  increase  if  iron  is  administered  by  mouth  (E.  W.  Hamburger, 
1M78;  KoDcrt,  i8qi),  even  when  organic  iron  is  continued  for  weeks  (Gottlieb,  i8qo). 
Nor  is  there  any  increase  on  intravenous  injection  of  ferratin  (Cloctta,  iqoo).  Some 
increase  occurs  in  fever,  nepluitis,  hepatic  disease,  leucemia,  and  especially  in  diabetes. 
This  indicates  that  the  iron  of  the  urine  comes  from  tissue  destruction,  and  not  from  the 
iron  of  the  food  or  drugs  (Tartakowsky,  1904). 

Intestinal  Excretion. — The  iron  lea\'es  the  body  mainly  by  the  feces.  This  is  true 
for  star\'ation  (Bidder  and  Schmidt,  1852;  F.  Mueller),  and  for  the  normal  iron  income; 
or  when  iron  is  administered  orally,  hypodermicaliy  or  intravenously.  However,  the 
total  excretion  of  the  injected  iron  requires  several  weeks  (Gottlieb,  1891).  It  was  at 
first  assumed  that  the  excretion  occurred  mainly  by  the  Biif^  but  actual  observation 
showed  that  the  quantity  of  iron  in  the  bile  is  small  (mean,  about  40  mg.  per  liter);  and 
thatitisnot  materially  increased  by  the  administration  of  iron  (E.  W.  Hamburger.  1880; 
Ansebn,  1892,  1916).  The  iron  must  therefore  be  excreted  through  the  Intestinal 
Epilkelium.  This  is  confirmed  directly  by  fistula  experiments,  in  which  the  access  of 
food  to  isolated  parts  of  the  intestine  is  prevented  (Rol>ert;  Gottlieb,  rSgi ;  Honigmana, 
1896).  These  snow  that  the  excretion  occurs  mainly  in  the  Urge  intestine;  the  excreted 
iron  being  very  firmly  combined,  so  that  it  gives  the  iron  reactions  only  after  incineration 
(Tartakowsky).  In  rabbits,  after  hypodermic  or  peritoneal  injection  of  iron  salts  or 
hemoglobin,  the  main  excretion  is  through  the  epithelium  of  the  upper  duodenum 
(Chevallicr,  1914).  As  with  metals  in  general,  the  excretion  ia  a  slow  process;  requiring 
several  weeks  for  the  complete  elimination  of  a  hypodermic  injection  (Gottlieb). 

Chemic  Evidence  of  Absorption  in  Small  Intestine. — .\  fistula  in  the  lower  ileum 
would  separate  fairly  sharply  the  pface  of  the  principal  absorption,  the  small  intestine, 
from  the  principal  e-xcretion,  the  large  intestine.  Honigmann,  iSq6,  found  in  this  way 
that  about  80  per  cent,  of  citrated  iron  was  absorbed  in  the  small  intestine.  Rabc,  1912, 
by  using  fistula  dogs,  found  that  the  greatest  absorption  of  sacchamted  iron  occurs  in 
Ihc  duodenum,  the  lower  portions  plaWng  a  progressively  smaller  r6le.   - 

Iron  Content  of  Organs. — Changes  in  the  iron  content  of  indi\*idual  organs,  or  of 
the  entire  body,  also  give  evidence  of  the  absorption  of  iron.  We  have  seen  that  injecftd 
iron  is  excreted  slowly;  and  must  therefore  be  temporarily  stored  in  the  body.  Jacobj, 
z987  and  1S90,  found  that  iron  preparations,  injected  into  a  vein,  had  disappeared  from 
the  blood  in  two  to  three  hours.  At  this  time,  only  10  per  cent,  had  passed  into  the 
excreta;  about  50  per  cent,  was  deposited  in  the  liver,  and  the  remainder  in  other  organs 
(spleen,  kidney,  intestines).  The  Liver  is  also  normally  ver>'  rich  in  iron  (this  is  true 
likewise  of  animals  which  do  not  form  hemoglobin — molluscs,  crayfish,  lobster,  etc.). 
The  liver  iron  decreases  with  iron-poor  food,  or  when  there  are  extra  demands  for  iron, 
aa  in  pregnancy  or  after  hemorrhage.  The  iron  content  of  the  liver  may  thus  be  taken 
AS  an  index  of  the  iron  stock  of  the  body,  and  therefore  of  absorption.  With  small 
*^imal°,  the  iron  content  of  the  entire  body  can  be  estimated. 

Since  the  animals  must  be  killed  to  estimate  the  iron,  control  cxncrimcnts  arc  ncces- 
ttry.  These  would  be  impossible  if  the  animals  were  chosen  at  random,  for  the  individ- 
Oa!  differences  of  iron  content  are  often  greater  tlian  the  quantities  which  could  be 
Absorbed.  Bunge  found,  however,  that  the  proportion  of  iron  in  new-born  animals  is 
*«fy  high  (increasing  very  rapidly  in  the  la<it  three  months  of  fetal  life;  Hugounencq, 
'899) ;  and  that  it  decreases  steadily  during  the  period  of  lactation  (because  milk  is  very 
P<V)r  in  iron)  until  it  has  reached  a  practically  constant  quantity— about  the  seventeenth 
'^y  in  guinea  pigs  or  rabbits,  and  the  twenty-third  or  twenty-fourth  day  in  dogs.  The 
**limals  of  the  same  Utter  can  therefore  be  used  for  controls,  some  being  fed,  at  the  end 
^  the  lactation  period,  with  iron-poor  food,  others  with  the  same  food  to  which  the  iron 
^Preparation  is  added.     Rice  and  milk,  which  contain  a  very  small  proportion  of  iron, 
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arc  commonly  employed.  The  animals  which  do  not  receive  the  iron  thrive  very  poorM 
remaining  ^mall  and  emaciated.  Those  which  receive  iron,  in  uny  form,  shovr  an  unmil 
takable  increase  in  the  total  iron  content  of  the  body,  especially  of  the  Uver^  spleen  aflfl 
bone-marrow  (Hall,  1894;  Kunkel,  1895;  Oerum,  1Q06).  M 

Abderhalden,  igoo,  and  Hacuft.sermann,  iSgj,  objected  to  the  experiments  of  Hafl 
that  he  used  corrosive  doses  of  the  inorganic  preparations,  as  was  necessan*  with  uoM 
animals  to  obtain  diilercnces  be>t>nd  the  experimental  error.  Kunkel,  bowc^xr,  wifl 
worked  also  with  dogs,  had  used  therapeutic  doses.  These  experiments  therefore  prow 
that  inorganic,  as  wtil  as  organic  iron  can  be  absorbed  and  deposiUd  in  the  liver  and  oikm 
organs.  J 

Microchemic  Evidence—Important  information  was  obtained  by  appljing  the  cokB 
reactions  for  iron  directly  to  the  tissues.  The  macroscopic  examination  of  the  depd 
of  stain  gives  a  general  idea  of  the  quantitative  distribution  of  the  iron,  the  details  bfiafl 
revealed  by  microscopic  study.  Since,  however,  the  iron  compounds  are  apt  to  dis»)ifl 
in  the  fixing  solutions,  many  of  the  earlier  experiments  gave  fallacious  results.  The  b(J| 
method  consists  in  hardening  the  tissues  in  alcoholic  ammonium  sulphid  and  coa\-crti*fl 
the  ferrous  suj»hid  into  the  more  stable  Berlin  blue,  by  treatment  with  potasssc  fenM 
cyanid  and  dilute  hydrochloric  acid.  Only  the  inorganic  and  the  loosdy  mmbinffl 
organic  iron  is  revealed.  The  experiments  are  made  on  animals  with  different  dieC^l 
or  fed  on  iron»  for  var>'ing  periods.  The  method  is  of  value  rspccially  for  showing  tttj 
place  and  manner  of  absorption,  and  the  course  of  iron  tJirough  the  system.  J 

Course  of  Absorption. — MacaUum,  1894;  Quincke,  and  Hochhaus.  1896;  and  Afadea| 
balden,  1906,  after  the  administration  of  iron  preparations,  found  the  reaction  espedilM 
strong  in  the  epithelial  cells  of  the  duodenum.  The  results  below  the  duodenum  weiH 
inconstant,  depending  upon  the  quantity  administered.  The  gastric  epithelium  givlfl 
no  reaction.  m 

The  large  iniestincs  show  a  diffused  iron  reaction  of  the  epithelium,  and  gnnulo  n 
the  submucous  leucocytes.  It  was  generally  assumed  that  this  iron  was  In  the  oooOfl 
of  excretion.  However,  Tartakowsky  found  that  the  large  intestine  shows  DO  sutoldl 
reaction  in  starvation  or  nith  iron-poor  food,  although  the  cbcmic  examination  of  tiM 
intestinal  contents  proves  the  continued  excretion  of  fixed  iron.  It  would  thrrtfoit] 
seem  that  the  excrctd  iron  is  too  firmly  combined  to  give  the  sulphid  reaction;  and  thili 
the  sulphid  reaction  of  the  large  intestine  is  also  due  to  iron  in  the  course  of  ab90(ptioiL| 
However,  the  amount  absorbed  here  must  be  small.  J 

The  absorption  of  iron  must  therefore  take  place  mainly  through  the  ctUs  0//ie  Ai^J 
dtnum.  This  differs  from  other  metals,  which  are  absorbed  belveen  the  cells  fHoebd^j 
XQ07).  The  iron  reaction  is  essentially  identical,  whether  organic  or  inorganic  iron  isfeii 
Since  food-iron  docs  not  give  the  sulphid  reaction,  even  in  the  intestinal  contents,  it  j 
must  be  broken  down  into  ionic  iron  within  the  epithelium.  This  does  not  exclude  the 
possibility  that  a  part  of  the  organic  iron  may  be  absorbed  unchanged;  for  this  voold 
not  be  revealed  by  the  microchemic  reaction. 

Further  Course  of  the  Absorbed  Iron.— The  iron  reaction  is  also  seen  in  the  stnuns 
of  the  duodenal  villi;  in  tlic  central  lacteal,  and  sometimes  in  the  mesenteric  Irm^ 
glands,  partly  dissolved  in  the  lymph  plasma,  often  as  granules  in  the  IjTnph  corpusdb 
(ferroc>-tes)  (Quincke;  Gaule;  Abderhalden).  Gaule,  1S96,  also  found  that  iron  »6- 
ministration  does  not  increase  the  iron  content  of  the  spleen,  if  the  lymph  is  prcventftl 
from  reaching  the  circulation,  by  a  fistula  of  the  thoracic  duct.  These  obser\'atio(9 
would  indicate  ihiit  the  iron  reaches  the  blood  through  the  lymph.  Frania  MucUcr 
obtained  just  the  opiK>site  results:  The  lymph  of  the  thoracic  duct  contained  no  in>o; 
and  the  fistula  did  not  prevent  the  acaimulalion  of  iron  in  the  organs.  The  diflFcrence 
is  perhaps  explained  by  the  dosage:  Gaule  worked  with  large  doses  and  his  histolocK 
results  at  least  could  oe  referred  to  corrosion;  while  Mueller  used  smaller  doses.  Im 
therefore  probable  that  the  iron  normally  passes  directly  into  the  intestinal  capiUftiia. 
It  is  than  rapidly  deposited  in  the  organs. 

Reserve  Stodc  of  Iron. — Animals  on  an  ordinary  diet  lay  up  a  considerable  xtstnt 
stock  of  iron,  as  loose  protein  compounds,  especially  in  the  liver  and  spleen.  Thi» 
reserve  disappears  ("asiderosis  "  of  Quincke)  gradually  when  a  diet  poor  in  iron  isgi^<a. 
or  when  there  is  an  extraordinary  use  of  iron,  as  after  hemorrhages,  or  during  pregBUCr 
(when  considerable  irx>n  is  transferred  to  the  fetus).  In  acute  hemol>tic  aneaiajj 
rabbits,  the  rescr\'c  iron  largely  disappears,  especially  from  the  liver  cells,  when  the  bi«<l 
is  regenerated.  Small  amounts  are  still  present  in  the  cndothebum  of  the  b<p»p^ 
capillaries,  in  the  spleen  and  in  the  renal  cortex  (Muir  and  Dunn,  1 91 5).  The  depoats 
increase,  on  the  other  hand,  when  the  iron  of  the  food  is  increased.  ^ 

The  liver  of  cra>'fish  and  lobsters  is  also  rich  in  iron,  although  these  amnish  4o 
not  form  hemoglobin.     It  is  therefor*  probable  that  the  storage  of  iron  in  the  Bvff  ••• 


*  ^^^^^  IRON  899 

originally  for  the  purpose  of  excretion,  rather  than  as  a  reserve  depot  for  the  reformation 
of  hemoglobin. 

Relation  of  Spleen  to  Iron  Metabolism.— The  constant  occurrence  of  loosely  bound 
iron  granules  in  the  spleen,  varjing  in  quantity  with  the  iron  income  and  blood  deslruc* 
lion,  shows  that  it  is  one  of  the  important  depots  for  reserve  iron  (Chevallier,  1914). 
Even  animals  fed  on  iron-free  food  from  birth,  and  whose  liver  is  free  from  reserve  iron, 
contain  some  in  the  spleen  (Schmidt,  lyi^).  However,  this  function  is  shared  by  many 
other  organs,  so  that  splenectomy  does  not  entail  any  constant  or  important  changes 
in  normal  iron  metabousm  (Austin  and  Pcarce.  1914).  When  the  iron  income  is  inade- 
quate, the  loss  of  the  spleen  may  perliaps  lead  to  a  less  effective  retention  of  iron,  as  is 
believed  by  Asher  and  his  pupils,  igog  and  rgii.  On  the  other  hand,  excision  of  the 
spleen  has  real,  if  not  very  conspicuous  effects  on  the  red  blood  corpuscles. 

Effects  of  Splenectomy. — These  have  been  in\'cslisated  especially  by  Pearce  and 
pupils,  igij  to  1915.  They  find  that  excision  of  the  spleen  from  normal  dogs  is  followed 
oy  moderate  anemia,  with  very  slow  recovery.  The  decrease  is  greater  for  the  hemoglo- 
bin than  for  the  blood  count.  The  mechanism  of  this  anemia  is  not  clear.  Subsequent- 
ly, as  the  anemia  recovers,  the  red  cells  become  abnormally  resistant  to  hemolytic 
agents  and  the  fatty  bone-marrow  becomes  cellular.  The  cells  of  the  lymph  nodes  and 
perhaps  of  the  liver  show  a  compensatory  increase  of  phagocytic  functiua  toward  the 
rwl  cells. 

Splenectomy  does  not  modify  the  bile-pigment  excretion,  with  or  without  hemoglo- 
bin injection  (Hooper  and  Whipple,  1Q17). 

Injection  of  Spleen  fixiror/T.^Tntraperitoneal  injection  produces  for  one  or  two  days 
a  distinct  increase  of  hemoglobin  and  corpuscles  in  normal,  not  in  splencctomized  ani- 
mals, apparently  by  stimulating  the  bone-marrow.  Feeding  of  spleen  is  incEFectivc 
CKrumbhaar  and  Musser,  IQ14). 

Splenic  extract  has  no  hemolytic  action  in  vitro;  nor  does  the  blood  of  the  splenic 
vein  contain  more  free  hemoglobin  than  the  splenic  artery  {ibid). 

Assimilation  of  Iron. — It  would  be  quite  conceivable  that  the  absorbed  iron,  particu- 
larly the  inorgank  preparations,  were  of  as  little  use  to  the  organism  as  the  particles  of 
solid  carbon  which  are  absorbed  by  the  lungs.     It  had  to  be  shown  therefore  that  the 
iron  can  be  actually  assimilated  and  converted  into  hemoglobin.    This  could  not  be 
done  on  normal  animals,  because  the  normal  income  of  iron  is  amply  sufficient  for  all  the 
needs  of  the  organism;  an  excess  has  no  effect  whatever  on  the  nemoglobin.     The  ani- 
mals must  be  reduced  to  a  condition  in  which  the  needs  exceed  the  ordinao'  income.     In 
young  and  actively  growing  animals,  this  may  be  secured  by  a  diet  poor  in  iron  (milk  and 
rice).     This  produces  a  progressive  fall  of  the  percentage  of  hemoglobin,  and  the  animals 
become  emaciated  ana  do  not  develop.     As  soon  as  iron,  in  any  form,  is  added 
to  the  diet,  the    animals    recover  very  rapidly  (Hiisslin,  i8qo;  Cloetta;  Tartakowsky; 
Abderhalden).    It  must  therefore  be  concluded  (hat  all  farms  af  iron  can  be  assimi- 
VUed.    The  same  result  is  obtained  with  adult  animals.    These  can  not  be  rendered 
markedly    anemic     by     an    iron-poor  diet;  by  drawing  on  their  reser\'e  stock,    and 
powihiy  utilizing  the  iron  several  times,  they  can  keep  up  an  almost  normal  percentage 
of  hemoglobin  for  a  considerable  period.     They  can,  nowever,  be  rendered  anemic 
by  hemorrhage.     Even  a  rather  severe  single  hemorrhage  is  rapidly  recovered  from  on 
I  milk  and  rice  diet;  but  this  is  hastened  by  the  administration  of  organic  or  inorganic 
irwi  (Eger;  Mueller,  1900).     When  several  hemorrhages  have  been  made  and  the  iron 
reserve  has  become  exhausted  recovery  occurs  only  when  iron  (in  any  form)  is  added  to 
this  diet.     (Kunkel,  1895;  Tartakowsky,  1903  and  1904). 

Abderhalden  at  first  contended  that  even  these  experiments  did  not  prove  the  assi- 
milation   of  inorganic    iron:     He  concluded    from  his  data  that  the  undernourished 
animals  did  not  improve  as  rapidly  by  the  simple  addition  of  inorganic  iron,  aa  did  the 
-aninuih  which  were  placed  on  a  normal  (iron-containing)  diet  plus  inorganic  iron;  but 
ihai  the  improvement  was  more  rapid  on  a  full  diet  plus  inorganic  iron  than  on  a  fiall  diet 
•akine.     He  interpreted  these  observations  to  the  effect  that  inorganic  iron  was  not 
mllated  as  such,  but  that  it  increased  the  assimilation  of  organic  iron,  perhaps  by 
dutating  the  bone  matter.     Jacquet,  however,  pointed  out  thai  the  slower  improve- 
■"t.  when  the  iron  was  added  to  the  restricted  tiiet,  would  be  explained  by  the  lower 
rin  content  of  this  diet;  and  Tartakowsky  showed  that  inorganic  iron  added  to  a 
rich  in  iron  does  not  hasten  the  improvement,  as  it  should  if  it  stimulated  the  bone- 
.t)w.     .Alxlerh.ilden  seems  to  have  dropped  hts  objection. 

Changes  in  Bone-marrow. — When  iron  is  administered  in  anemia,  the  marrow 
bUess  shows  greater  activity,  more  nuclear  erythrocytes  .ind  mitotic  ccJls;  but  this  is 
natural  accompaniment  of  the  increase  of  hemoglobin.  The  observation  of 
minckc,    1913,  with  iron  administration  in   human  anemia,   that  the  increase  ol 
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erythrocytes  considerably  precedes  the  increase  of  hemoglobin,  is  also  not  convi 
proof  of  direct  bone-marrow  stimulation,  until  we  know  more  about  the  Qormal 
pathologic  sequence  of  blood  regeneration. 

A.  B.  Macallum,  iSqo,  found  in  frogs  that  the  hemoglobin  arises  from  the  transfor* 
mation  of  the  iron-containing  nuclear  chromatin  of  the  ncmatoblasts. 

Disassimilation  of  Iron. — A  part  of  the  re8er\'e  iron  is  doubtless  <lenvcd  from  the 
destruction  of  the  red  corpuscles  and  their  hemoglobin;  for  the  injection  of  hemoglobin 
or  bematin  increases  markedly  the  iron  content  of  the  liver,  spleen  and  marrow.  IT* 
transformation  of  hemoglobin  into  the  less  firmly  masked  iron  may  be  seen  in  e.itrava»- 
tions  of  blood,  and  takes  nlacc  there  in  gradual  stages.  The  impossibility  of  pn>- 
ducing  severe  anemia  in  aciult  animals  by  limiting  the  iron  of  the  food.  indicaUs  tkd 
the  iron-stock  may  be  used  xcvcral  times.  But  a  portion  is  undoubtedly  lost  by  tbeftca 
and  urine. 

Fate  of  Hemoglobin, — If  free  hemoglobin  occurs  in  the  plasma,  as  a  result  of  injection 
or  hemolysis,  in  concentrations  above  about  0.12  per  cent.,  the  excess  is  mainly  filteml 
through  the  kidney  and  produces  hcmnglnbinuria.  A  part,  however,  and  with  krcr 
concentrations  all  of  the  dissolved  hcmoglubin  is  taken  up  and  destroyed  by  the  li^"cr. 
spleen,  kidney,  etc.  In  the  liver,  the  hemoglobin  is  converted  into  bile-pigment  If 
tne  amount  of  this  exceeds  the  excretorj'  capacity  of  the  bile,  it  results  in  icterus  (Pesrci, 
Austin  and  Kisenbrey,  1912). 

With  hemolysis  so  severe  as  to  destroy  nearly  lialf  of  the  blood  in  three  days.  Hair 
and  Dunn.  igi5,  found  nearly  all  of  the  iron  of  the  destroyed  hemoglobin  depaHMlit 
the  liver,  spleen  and  kidneys.  A  third  of  the  total  iron  of  the  blood  maybetttt 
deposited  in  twenty-four  hours. 

The  conversion  of  hemoglobin  into  btle-pigment  is  not  quantitative  on  intxawtMN* 
injection,  and  the  feeding  of  blood  docs  not  modify  the  bile  flow,  or  the  secretion  of 
bile-pigment  (Whipple  and  Hooper.  1917). 

.\llhough  it  is  pnictically  certain  that  bilirubin  is  produced  from  bcm<^lobiB,  the 
Ktcps  of  the  process  are  unknown.  From  their  formulas,  it  may  be  a  nitKer  aapk 
oxidation  (Kuester,  tQt6). 

Local  Actions  on  Alimentary  Canal. — These  were  advanced  in  explanation  of  thr 
Iherupeutic  effects  when  the  assimilation  of  inor^nic  iron  preparations  was  still  in 
doubt.  The  inorganic  salts  of  iron  produce  an  astringent  effect,  which  may  oanccivafalf 
support  their  other  actions,  by  improving  digestion  (Kobert^iSSa).  There  is  llmjn 
danger,  however,  that  the  useful  action  passes  into  initatioD,  and.  in  fact,  iron  cauBES 
digestive  disturbance  (especially  constipation)  more  often  tlian  improvement. 

It  was  also  suggested  that  the  inorganic  iron  protected  organic  iron  against  prec^i- 
tation  by  siUpitid.r  in  the  intestines.  This  would,  of  course,  be  superfluous.  «ince  lood- 
iron  is  not  precipitated  by  sulphids.  Accordingly,  Stockman,  iSgj,  found  that  uoa 
produced  its  therapwutic  effect  even  when  it  was  administered  as  the  sulphid  tta  I 
other  hand,  other  metals  which  bind  IIjS  with  avidity  (/.»'.,  bismuth),  are  entire!/ 
effective  in  chlorosis. 

Effects  on  General  Nutrition. — While  these  are  doubtless  mainly  the  indirect 
of  the  increase  of  hemoglobin,  it  must  not  be  overlooked  that  iron  forms  a  constitiieflt 
of  all  cells,  and  some  of  its  effects  may  be  direct,  but  its  importance  in  this  conoectioo  i* 
difficult  to  estimate.  The  majority  of  organisms  require  some  iron,  e\'en  those  wlnti 
do  not  form  hemoglobin.  (The  blood  of  some  invcriehraie  animals  contains  copper*-* 
manganese  in  place  of  iron.) 

Therapeutic  Use  in  Anemias.— The  adminislration  of  iron  wouW  be 

useful  in  all  conditions  in  which  the  need  for  iron  exceeds  its  income; 
conditions  which  are  characlerizcd  by  a  low  percentage  of  hemoglobin, 
and  by  the  general  clinical  picture  of  anemia. 

The  plainest  indication  for  iron  is  furnished  by  the  anemia  produced 
by  severe  or  repeated  hemorrhage.  Infantile  anemias  arc  oflcn  traccaWf 
to  a  deficient  iron  content  of  the  food,  and  would  be  grcaliy  beDC*tc<i 
by  iron.  Some  cases  of  simple  anemias  in  adults  may  also  be  due  to  ihi^ 
cause.  It  is  conceivable  that  deficiencies  in  the  iron  income  are  coDcefM*^, 
in  the  etiology  of  rickets  and  the  other  nutritive  diseases  of  infants 

Iron  Content  nf  Milk. — Anemia  is  verj*  apt  to  occur  if  the  infant  is  kept  ttw 
an  exclusive  milk  diet.     It  may  also  be  favored  by  an  inferior  quality  of  milk: 
normal  human  milk  contains  .^.5  to  7.2  mg.  of  iron  per  liter  (mean  5  mgJ,  f^^V- 
unhealthy  mothers  is  poorer  in  iron;  and  artificial  infant  foods  generally  oonwiaw, 
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i^  to  3.6  mg.  Cow*s  milk  is  even  poorer  in  iron  than  Is  gcncrallv  believed.  It  contains 
0.4  to  0.7  mg.,  mean  0.5  rag.  per  liter;  tlic  higher  Ggures  of  older  ueLcrminations  were  due 
to  contamination  from  metallic  containers  (Edelstein  and  Csonka,  igii). 

Pernicious  Anemia. — Iron  is  useless  in  those  cases  of  anemia  in  which  there  is  no 
deficiency  in  the  income  or  store  of  iron;  but  in  which  the  fault  concerns  the  formation 
or  destruction  of  the  corpuscles.  In  pernicious  anemia,  u  mosit  severe  dcstructiun  of  the 
corpuscles  (probably  through  an  unknown  hemolytic  agent)  is  accompanied  by  a  very 
considerable  increase  of  the  reserve  iron  of  the  Uver  and  spleen  (Rumpf,  1901)  and  of  the 
di-isolved  iron  of  the  spleen  (Erben^  1900).  The  urinary  excretion  of  iron  remains 
normal  (Queckenstedt,  1013).  Clinical  experience  has  confirmed  that  the  administra- 
tion of  iron  is  useless  in  this  condition. 

Most  instances  of  anemia,  and  especially  cftlorosis^  can  not  be  attributed 
directly  to  deficient  iron  income;  but  nevertheless,  the  adminislralion  of 
iron  often  secures  brilliant  results.  It  must  therefore  be  supposed  that 
conditions  exist  in  these  diseases,  which  demand  an  extraordinary  income 
of  iron  to  keep  the  hemoglobin  normal. 

Iron  in  Chlorosis. — A  complete  explanation  of  the  action  of  iron  in 
ciilorosis  can  be  furnished  only  when  the  pathology  is  understood.  This 
is  not  the  case  at  present;  little  is  known  beyond  the  fact  that  the  hemo- 
globin is  decreased  (Fodisch,  1832)  much  more  than  the  number  of  cor- 
puscles (several  authors,  1842),  and  thai  the  excretion  of  iron  by  the  urine 
is  nearly  normal.  Even  the  question,  whether  the  reserve  stock  of  iron 
is  altered,  docs  not  seem  to  be  decided.  Digestive  disturbances  are  often 
present,  but  they  may  be  secondary  or  accidental;  indeed,  they  disappear 
spontaneously  with  the  iron  treatment. 

Our  knowledge  of  the  etiology  is  equally  unsatisfactory.  It  has  in- 
deed been  shown  by  Stockmann  that  the  diet  of  chlorotic  girls  is  often 
very  poor  in  iron  (containing  2.8  to  3.2  mg.  per  day,  instead  of  the  normal, 
6  to  14  mg.).  But  this,  as  well  as  other  unhygienic  conditions,  can  be 
considered  only  as  contributory  factors,  since  many  persons  are  subject 
to  these  conditions,  while  chlorosis  is  confined  to  females  about  the  age 
of  puberty.    There  is  no  evidence  of  defective  absorption  of  iron. 

The  treatment  is  much  more  successful  than  might  be  expected.  The  administration 
of  iron  holds  the  first  place.  This  should  be  supplemented  by  proper  hygiene — good  air, 
rest,  suitable  diet,  stomachics,  attention  to  the  bowels  (aloes),  etc.  .\rsenic,  phos- 
pliorus  or  manganese  arc  often  used  in  addition  to  the  iron:  it  is  difficult  to  judge  of 
their  value. 

Administratioii. — Although  both  organic  and  inorganic  iron  are  ab-' 

ftorbed  and  produce  therapeutic  effects,  the  ionized  iron  appears  to  be 

more  active  therapeutically,  for  reasons  not  fully  understood.     On  the 

other  hand,  inorganic-iron  preparations  are  more  apt  to  set  up  digestive 

^lislress,  which  may  interfere  with  the  prolonged  administration  that  is 

Ordinarily  needed.     In  such  cases,  it  is  necessary  to  begin  ^nth  the  milder 

organic  or  insoluble  preparations;  and  la  induce  a  tolerance  to  the  local 

effects  by  progressing  slowly  to  the  stronger  compounds.     The  ferrous 

Carbonate  can  be  given  to  most  patients  without  difficulty,  and  is  su£5- 

*"ently  effective.     The  most  suitable  form  and  dosage  are  governed  by 

dividual  experience.     The  daily  dose  should  correspond  to  about    o.i 

m.  of  iron.     This  would  be  contained  in  about  5  or  6  Blaud  pills,  but 

Ould  require  30  to  250  Gm.  of  the  organic  preparations  (Morawitz,  1014). 

The  order  of  irritation  Oful  efficiency  is  about  as  follows  (in  ascending 

der):  food-iron;  other  organic  irons;  reduced  iron  On  powder  or  pills); 

rrous  carbonate  (saccharated;  Blaud's  pili);  the  double  ''scale*'  saltsj 

»^ous  sulphate;  ferric  chlorid. 
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Reduced  iron  should  be  given  just  before  meatsj  to  permit  the  solv 
action  of  the  gastric  juice.  All  other  inorganic  iron  preparations  she 
be  taken  just  after  meals,  taking  care  to  protect  the  teeih.  The  inco; 
patibilities  of  iron  must  be  remembered.  The  tendency  to  constipaci 
may  be  met  by  aloes  or  other  laxatives. 

Hypodermic  Administraiion  of  Iron. — Iron  ammonium  citrate  has  been  u! 
cally,  1  c.c.  of  lo  per  cent- solution  daily.     It  is  efBcicnt,  bul  has  no  advuniageoveroi 
administration;  and  is  rather  painful,  and  sometimes  produces  5C\'ere  local  and  sy^lemir 
reaction,  gastritis  etc.     These  accidents  have  not  been  observed  in  animals  even  witii 
much  larger  doses  (L.  W.  Rowe;  1917). 


IRON   PREPARATIONS 

Only  the  most  important  preparations  need  to  be  studied.  It  may  bt 
remembered  thai  ferric  salts  have  a  reddish,  the  ferrous  a  greenish  colur. 
The  most  important  incompatibiliiics  are:  alkalies,  salicylates,  phenol. 

Organic  iron  preparations  had  a  brief  popularity  when  it  was  believed  that  inorRiiuf 
preparations  were  not  absorbed.  The  modern  conceptions  have  caused  them  to  be 
practically  abandoned,  except  in  so  far  as  iron  foods  are  emphasized  in  the  diet  is 
ftnemia. 

PREPARATIONS — INSOLUBLE  IRONS 

FerrutHj  U.S.P..  B.P.;  Iron. — Metallic  iron  in  the  form  of  fine,  bright,  and  non- 
elastic  wire.     Used  only  for  preparing  the  salts. 

•Fcrrum  Reduciun  (Ferr.  Reduct.).  V.S.P.;  Ferrum  Redaclum  (Ferr.  Redact).  B  P.. 
Reduced  Iron  (Imn  hy  Hydrogen;  Quevenne's  Iron). — Iron  reduced  to  the  metillK 
state  by  the  action  of  hydrogen  upon  ferric  oxid.  Very  fine,  grayish-black,  lusteriea 
powder,  without  odor  or  taste.  Dosty  0.06  Gm.,  i  gr.,  U.S. P.;  0.06  to  o.ji  Gm.,  i  ti»  ■ 
gr.,  B.P.,  as  powder. 

Troch.  Ferr.  Redact.,  B.P. — 0.06  Cm.,  i  gr. 

*Ferri  Carb&nas  Saccharatux  (Ferr.  Carb.  Sacch.),  U.S.P. — Contains  not  less  thic 
15  per  cent,  of  FeCOa-  Made  by  precipitating  ferrous  sulphate  with  sodium  hicarbcn 
ate,  and  diluting  with  milk-sugar.  A  greenibh-brown  powder,  gniduaU}'  becoming 
oxidized  by  contact  with  air;  odorless,  and  haWng  at  first  a  sweetish  afterwiird  slighJ.v 
ferruginous,  taste.  Only  partially  sol,  in  water.  Dose,  0.25  Gm.,  4  gr.,  U.S.P..  »* 
pendcd  in  water. 

Ferrous  Carbonate  tends  to  give  off  COi  and  absorb  oxygen,  changing  rapidly  irtf 
a  basic  carbonate  and  linady  into  ferric  hydroxid.     The  change  may  be  retardc    ' 
the  addition  of  sugar,  as  in  the  pharmaceutic  forms;  but  these  should  always  t-  : 
pared  as  freshly  as  possible. 

*Ferr.  Carb.Sacck.,  B.P. — Not  less  than  50 per  cent,  of  Ferrous  Carbonate,  prortvec 
by  Glucose.     Dose,  0.6  to  2  Gm.,  lo  to  30  gr,  B.P. 

Miit.  Ferr.  Co-,  B.P.  (Griffith's  Mixture). — About  0.7  per  cent-  of  Ferrous  CarbouU 
in  suspension  in  Savored  water.  Must  be  freshly  prepared.  Dose,  15  to  ^o  ex.,  4  *» 
I  ounce,  B.P. 

•Afassa  Ferri  Carbonatis  (Mass.  Fprr.  Carb.),  U.S.P.  (Vallet's  Mass.).— A  piD-aa»- 
with  not  less  than  41.5  per  cent,  of  FeCOj.     Dose^  0.25  Gm.,  4  gr.,  U.S.P. 

*Pii.  Ferr.,  B.P.— PiU-mass  with  22.5  per  cent,  of  FeCOa.  Dose,  o.j  to  I  Cbl,  3 
to  isgr..  B.P. 

•/V/.  Ferr.  Carb.,  U.S.P.  (Blaud's,  Chalybeate,  or  Ferruginous  Pills).— 0.065  Ctn-, 
I  gr.,  of  FeCOj,  made  from  ferrous  sulphate  and  pot.  carb.     Dose,  2  pills,  C.S.P. 

Contrary  lo  the  pre\'aillng  impression,  the  U.S.P.  Blaud's  pills  are  quite  st&ble.«o^ 
preferable  to  the  proprietary  substitutes  (Warren,  1915). 

Ferri  liydroxidum  Cum  Magnrsti  Oxido  (Ferr.  Hydrox.  cum  Mag.  Oxid.V  T.?  P 
(Arsenic  Antidote;  Ferric  Hydrate  with  Magnesia). — 40  c.c.  of  Solution  of  Ferric  SuJ- 
pbate  arc  diluted  with  135  c.c.  of  water.  This  is  added,  when  needed,  to  10  Gm  of 
Magnesium  Oxid  or  300  c.c.  of  Magma  Magnesia  diluted  wHth  water  to  atxtut  750  c*^ 

Always  keep  the  diluted  solution  of  feme  sulphate  and  magnesia  mixture  on  h^ 
in  separate  bottles,  ready  for  immediate  use,  so  that  this  aatidote  to  arsenical  poisousi 
may  be  quickly  prepared. 

Dose,  1 20  c.c,  4  ounces,  U.S.P. 
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PREPARATIONS — COLLOIDAL   IRONS    AND   'SCALE   SALTS 

Uq.  Perri  Oxychloridi, — A  colloidal  solution  of  ferric  hydrotid  in  ferric  chlorid; 
approximately  FeClj  -f-  8Fe(OH)i,  containing  the  equivalent  of  about  ,5.5  per  cent. 
of  metallic  iron.    It  is  only  mildly  astringent.     Dose^  0.5  to  2  ex.,  8  to  30  minims. 

Uq.  Ferri  Diaiysaitts.  (Dialysed  Iron). — This  is  a  similar  solution  from  which  the 
ejccess  of  acid  and  chlorid  has  been  removed  by  dialysis.  It  has  the  same  iron  content 
and  is  less  astringent.     Dose,  l-j  to  2  c.c,  8  to  30  minims. 

Liquor  Ferri  et  Ammcnii  Acetatis  (Liq.  Ferr.  et  Ammon.  Acet.),  U.S.P.  (Basbam's 
Mixture). — The  airrage  dose,  15  c.c,  4  drams,  U.S.P.,  contains  0.6  c.c.  of  Tr.  Fer. 
Chlor.,  5  c.c.  of  Liq.  .\mmon.  Acet.,  Acetic  Acid,  Elixir,  etc.    Must  be  recently  prepared. 

*Ferri  et  Ammonii  Citras  {Ferr.  et  Ammon.  Cit.),  U.SP.  (Soluble  Ferric  Citrate, 
Ammonio- ferric  Citrate). — A  mixture  of  iron  citrate  and  ammonium  citrate  containing 
about  17  fiercent.  of  Fe.  Thin,  transparent,  garnet-red  scales,  without  odor  and  having 
a  saline,  mildly  ferruginous  taste;  deliquescent  in  moist  air.  Readily  and  completely 
sol.  in  water;  insol.  in  ale.  Dose,  0.25  Gm.,  4  gr.,  U.S.P.;  0.3  to  0.6  Gm.,  5  to  10  gr., 
B.P.,  in  solution. 

Vin.  Ferr.  Cii.j  BJP. — 1.8  per  cent,  of  Ferr.  et  Ammon.  Cit.  Dose,  4  to  16  c.c. 
I  to  4  drams,  B.P. 

Vin.  Ferr.,  B.P. — Prepared  by  macerating  iron  in  Sherry  Wine;  Contains  the 
equivalent  of  0.125  to  o..^  per  cent,  of  Fe.     Dose,  4  to  16  c.c,  i  to  4  drams,  B.P. 

Ferr.  et  Pot.  tart.,  B.P.  (Ferrum  Tartaratum). — Garnet  scales.  Dose,  0.3  to  0.6 
Gm.,  5  to  10  gr.,  B.P. 

Ferr.  ei  Quin.  Cit.,  U.S. P.,  B.P. — Contains  about  12.5  per  cent,  of  quinine  and  13.5 
per  cent,  of  Fc.     Dose,  0.25  Gm.,  4  gr.,  U.S. P.;  0.3  to  0.6  Gm.,  5  to  10  gr.,  B.P. 

*Ferr.  Phos.,  U.S. P. — Ferric  phosphate,  made  soluble  by  the  presence  of  Sod.  Cit.; 
corresponding  to  not  less  than  12  p<:r  cent,  of  Fe.  Bright  green  scales.  Freely  soL 
in  water,  insol.  in  ale.     Dose,  Q.25  Gm.,  4  gr.,  U-S.P. 

(El.  Ferr.  Quini  et  Strych.  Phosph.— See  Index.) 

(Syr.  F'crr.  Phos.  c.  Quin.  et  Strych. — Sec  Index.) 

PREPARATIONS — SOLUBLE    FERROUS   SALTS 

PU.  Fcr.  lod.,  U.S.P. — EAch  pill  contains  Felj  corresponding  to  not  less  than  0.04 
Gm.  of  ferrous  Fe.     Dose,  2  pills,  U.S.P.,  contain  about  o.i  Gm.  of  odin. 

*Syrupus  Ferri  fndidi  (Syr.  Ferr.  lod.),  U.S.P. — 5  per  cent,  of  ferrous  iodid,  Felj. 
Pale  green  acid  liouid  of  strong  iron  taste.  Very  susceptible  to  oxidation,  turning 
brownish.  It  combines  the  therapeutic  properties  of  iron  and  iodids,  and  is  often 
prescribed  in  goiter  (?  drops,  twice  daily,  gradually  increased  to  15  drops  three  times 
daily;  Marine  and  Lenhart,  1911)  and  as  a  general  tonic  in  "scrofulous"  conditions. 
Average  dose,  i  c.c,  15  minim.  U-S.P.,  contains  about  52  mg.,  0.85  gr.,  of  iodin. 

*Syr.Ferr.  lod.,  B.P. — 7  per  cent,  of  Felj.     Dose,  2  to  4  c.c,  >s  to  1  dram,  B.P. 

Ferr.  Pkosfh.  Sacch.,  B.P. — *5o  per  cent,  of  ferrous  phosphate,  Fei(PO<)»+8HtO, 
preserved  witn  glucose.  Partially  sol.  in  water;  sol.  in  UCi.  Dose,  0.3  to  0.6  Gm., 
5  to  10  gr.,  B.P. 

Syr.  Ferr.  Phosph.,  B.P. — 1.7  per  cent,  of  ferrous  phosphate.  Dose,  2  to  4  c.c, 
)^  to  I  dram,  B.P. 

Ferri  Sulphas  (Ferr.  Sulph.),  U.S.P.,  B.P.;  Ferrous  Sulphate  (Green  Vitriol);  Iron 
Pro  to- sulphate,  FcSOi  +  7H1O. — Large,  pale  green  crystals;  odorless,  '■aline  styptic 
taste;  effloresces  in  dr>'air.  Freely  sol.  in  water  (i:  1.4),  practically  insol.  in  ale  Dose, 
O.I  Gm.,  iH  gf-  U.S.P.;  0.06  to  0.3  Gm.,  1  to  5  gr.,  B.P. — The  crude  salt  is  employed 
as  a  deodorizer  for  fecal  matter,  but  is  not  germicidal. 

Ferri  Sulphas  Granulalus  (Ferr.  Sulph.  Gran.),  U.S.P. — The  preceding,  in  granuUted 
form.     Dose,  0.1  Gm.,  iV^  gr..  U.S.P. 

*Ferri  Sulphas  £:ifJM-cfl/«j(Ferr.SulDh.Exs.), U.S.P.,  B.P.— 80  per  cent,  of  anhydrous 
FeSOi,  I  part  being  equivalent  to  aoout  1.5  parts  of  the  crystalline  salt.  Gravish- 
whitc  powder;  astringent  taste.  Dose,  0.06  Gm.,  i  gr.,  U.S.P.;  0.03  t  0.2  Gm.,  ,H  to 
3  gr.,  6.P.;  in  pills,  often  with  aloes. 

Pit.  Aloes  et  Ferr.,  B.P. — 10  per  cent,  of  Ferr.  Sulph.  Exs.;  to  per  cent,  of  Aloes. 
Dose,  0.25  to  0.5  Gm.,  4  to  8  gr.,  B.P. 


PREPARATIONS — SOLUBLE  FERRIC  SALTS 

Ferr.  Chlor.,  U.S.P.;  Ferric  Chlorid  (Iron  Perchlorid).— Contains  FeCli  equivalent 
to  30  per  cent,  of  Fe.  Very  sol.  in  water  (i :  o.a)  or  ale;  sol.  in  glyc.  Dostt  0.06  Gm^ 
igr.,t.S.P. 
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Liq,  Ferr.  CMor.,  U.S.P.— jo  per  cenL  of  FeCU  or  lo  per  cent,  of  Fe.     Dost,  o.i  c.e 

i3^  minims,  U.S.P. 

Li4jifor  Ferri  Pcrchioridi  Fortis  (Liq.  Ferr.  Perchlor.  Fort.),  B.P. — ao  per  cent,  of  FeJ 

Llq.  Ferr.  Pirchi.,  B.P. — 5per  cent,  of  Fe.     Dose,  0.3  to  1  c.c,  5  to  15  minims,  BP,J 

*Tinciura  Ftrri  ChiaritHiTr.Vcri.Chlor.),  U.S.P.;  Tr.  Ferr.  Perchior.,  B.P.;Tinctui 
of  Ferric  Chlorid  {Tincture  of  Iron). — Nearly  15  per  cent,  of  FcCU  or  5  per  cent,  of  }\ 
Prepared  by  mixing  the  Liquor  with  Alcohol;  the  U.S. P.  directs  it  to  stand  three  roondSk] 
before  using,  to  permit  the  formation  uf  cster«..     A  bright  amber  acid  liquid,  of  Uightljr 
ethereal  odor  and  >'ery  astringent  taste.     Miscible  vrith  water  or  alconol.     Dose,  o.t 
c.c,  8  minims,  U.S. P.;  0.3  to  t  c.c,  5  to  15  minims,  B.P.,  diluted.    Often  used  aslocu] 
astringent  in  tonsillitis  (e(|ual  parts  of  the  tincture,  glycerin  and  water). 

Liq.  Frrr.  Suhsidph,,  U.S.P.  (Monsel's  Solution;  Solution  of  Basic  Ferric  Sulpbale). — ' 
^^•S  per  cent,  of  basic  ferric  sulphate.  Dose,  0.2  c.c,  j  minims,  U.S.P.  Used  mainly 
locally,  as  st>-ptic 

Liq.  Ferr.  Perxuiph.t  U.S.P.  (Solution  of  Ferric  Sulphate). — 10.5  per  cent,  of  Feme 
Sulphate,  FeaiSO*),. 

Liq.  Ferr.  Persutph,,  B.P.;  Solution  of  Ferric  Sulphate. 

Fcrri  Oxtdum  SaccharaSum. — (Ferr.  Oxid.  Sacch.),  N.F.  (Soluble  Ferric  Oad, 
"Eiscnzuckcr"). — It  contains  ferric  oxid  equivalent  to  at  least  2.8per  cent,  of  ft; 
made  soluble  by  the  addition  of  sugar  and  a  small  amount  of  alkali.  Dose^  0.6  Gm.,  i» 
grains. 

Iron  iChaiybeaie)  Mineral  WaUrs. — These  contain  the  iron  most  oflea  u  lemc^ 
bicarbonate;  sometimes  as  sulphate,  oxid,  and  xtvy  rarely  as  chlond. 


MANGANESE 

Occurrence. — Traces  of  manganese  occur  naturally  in  all  organs,  in  man  and 
animals,  its  presence  being  fairly  constant  in  the  same  species  f  Bertrand  and  Mrdjgrr-^ 
ceanu,  1912).  The  amount  in  wheat,  for  instance,  is  about  equal  to  the  iron,  sod  is 
independent  of  the  manganese  percentage  of  the  soil  (Hcaddon,  1915).  The  manganese 
of  animals  is  derived  partly  from  vegetable,  but  mainly  from  animal  food;  but  does 
not  disappear  from  the  body  even  on  manganese-frcc  food. 

Actions. — When  administered  by  mouth,  the  salts  of  this  metal  (but  this  does  not 
apply  to  the  permanganates)  produce  no  noticeable  edect.  Manganese  is  absorbed^ 
%o  a  slight  degree  from  the  alimentary  canal,  being  deposited  mainly  in  the  liver  and  ki<^i 
neys,  and  passing  also  to  the  fetus  in  utero.  Its  excretion  begins  within  three  hoaiifl 
[.mainly  by  the  intestine  (as  sulphid  in  Uie  feces),  and  the  bile;  but  the  urine  partidpal 
^Bargero,  1906,  dog;  Piccinini.  1910).  It  apprara  to  take  about  the  same  course  is  1 
(Hamack  and  Schreibcr,  iqoi).  Bencdetti,  IQ06,  and  Piccinini,  1910,  1Q13,  ' 
.that  it  increases  the  reserve  iron.  Henedetti  has  investigated  its  fate  by  subcutaneout! 
injection  (citrate,  dog).  It  is  toxic  by  vein  (Bargero),  and  also  causes  fatty  dq^ner**^ 
tion  of  the  liver. 

Manganous  chlorid  accelerates  autolysis  when  added  to  excised  liver;  perhaps  bfl 
converting  indigestible  proteins  into  form.s  that  can  he  attacked  by  the  Uver  en*>'nw$ 
(Bradley  and  Morse.  IQ15). 

Manganese  Toxicosis. — Chronic  poisoning  results  from  exposure  to  the  dust  of  ur 
of  its  compounds  in  the  industries,  in  zinc  mines,  grinding,  etc.  (Embden,  Cauaajoi-. 
iQij;  Jaksch,  1913).  The  symptoms  arc  nervous,  with  mental  and  ataxicdisturfaances. 
The  prognosis  Ls  good  as  to  life,  bad  as  to  recovery.  The  condition  has  not  bees  pni' 
duccd  in  animals. 

PREPARATIONS — MANGANESE 

Mangani  Dioxidum  Pr(tcipitatum  (Mangan.  Dtox.  Pnec),  U.S.P. — Connsts  cWcfly 
of  manganese  dioxid  (MnOa).     Prepared  by  precipitating  Manganese  Sulpluitc  b> 
monia  in  the  presence  of  Hvdrogen  Dioxid.     Heavy,  fine»  black  powder,  witluiu 
or  odor;  iosol.  in  water  or  uc.    Dose^  0.35  Gm.,  4  gr.,  U.S.P. 


CHROMATES 

Uses. — Chromium  trioxid  (chromic  add)  is  used  externally  as  » 
caustic.  It  and  the  chromates  have  some  toxicologic  importance,  die 
dichroraale  being  used  in  dyeing  and  in  ''battery  fluids."  They  arc  al» 
interesting  by  producing  a  characteristic  nephritis  and  glycosuria 
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Kolipinski,  tgo3  and  1908,  reported  favorable  results  from  chromium  sulphate 
(8  gr  r  tnrec  to  four  times  daily)  in  neuratheoia,  tabes  and  other  nervous  conditions. 
They  have  not  been  adequately  confirmed. 

Acute  chromate  poisoning  exhibits  corrosive  effects  and  nephritis  with  death  in 
one  to  foriyfi^hi  hours.  The  fatil  dose  of  potassium  dichromate  is  below  8  Om.; 
of  chromic  acid,  6  Gm.  The  trcaJmcni  is  by  evacuation  and  demulcents.  Chronic 
Poismiin/i  produces  local  irritation  (severe  dermatitis,  ulcers,  etc.)  and  nephritLs. 

Ulcrrx  are  produced  by  chromate  dust,  especially  where  the  skin  is  already  injured. 
They  develop  slowly,  but  are  very  penetrating  and  hea]  with  difficulty.  It  aJso  caustt 
ulceration  and  perforation  of  the  nose. 

Fate. — When  bichromates  are  given  by  the  mouth,  they  are  reduced  to  chromous 
oxid  and  partly  deposited  as  such  in  numerous  organs,  the  rest  being  excreted  by  the 
urine  (Kappclcr,  1R06). 

Chromate  Nephritis. — This  is  produced  experimentally  by  hypodermic  injection  of 
the  diromates.  It  is  mainly  tubular,  but  the  glomeruli  are  involved  first.  All  the 
phenomena  are  similar  to  uranium  (including  retention,  glycosuria,  chronic  nephritis, 
etc.);  except  that  edema  is  not  common  (Gergens,  TS76;  Hellin  and  Spiro,  iSgy; 
Schlayer  and  Hedinger.  1907;  Ophuls,  1908;  Austin  and  Eisenbrey,  1911;  R.  M.  Smith, 
tQxi;  Folin,  Karsner  and  Denis,  1912;  MacNider,  1912;  Eiscnbrey,  19x3;  E.  Franck* 
1913;  glycosuria,  Mosenthal  and  Schlayer,  1913;  diuretics,  etc.)- 
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PREPARATIONS— CICROMATES 

Ckromii  Triodidum  (Chrom.  Trin-x.),  U.S. P.;  Acidum  Chromicum  (Add.  Chrom.), 
B.P-i  Chromium  Trio-rid,  Chromic  Add  (Chromic  .Vnhydrid),  Cr<Jj. — Dark  red, 
needle-shaped  crystals,  very  deliquescent  and  verj'  sol.  in  water  (1:0.6).  Explosive 
with  all  organic  matters.  Used  as  a  caustic,  solid  or  in  solution  fi:i);  as  astringent 
(a  to  3  per  cent.};  for  urethral  injections  (i :  3,000  to  4,000);  and  against  sweating  feet 
(S  per  cent.). 

Liq>  Ac.  Chromki,  B.P.,  25  per  cent. 

Polassii  Bichromas,  B.P.,  KjCriO?. — ^Large  orange-red  crystals.  Sol.  in  water 
(irio).  Incompaiible  with  alcohol  and  all  reducing  agents.  Dost,  6  to  u  mg..  }r{^  to 
\i  gr.,  B.P.,  diluted  (against  gastric  ulcer);  locaU>',  z:  10  solution  against  rodent  ulcer 
and  cancer. 


ALUMINUM 


General  Statement — The  soluble  salts  are  strongly  precipitant  to 
proteins,  and  therefore  astringent  and  antiseptic.  They  are  used  exter- 
nally, and  sometimes  against  diarrhea.  They  are  not  readily  absorbed 
from  the  alimentary  canal,  so  that  even  ver\'  large  doses  cause  only  local 
exudative  inflammation  (vomiting  and  diarrhea).  The  precipitates  redis- 
solve  in  an  excess  of  protein. 

The  quantities  which  may  be  dissolved  from  aluminum  cooking  vessels, 
even  by  dilute  acids,  are  too  small  to  be  of  any  importance.  Alimi  baking 
powders  are  perhaps  more  seriously  objectionable. 

Absorption  and  Distributian. — It  was  formeriy  stated  that  aluminum  salts  are  not 
absorbed  (Plaggeand  Lebbin.  iHo.O-  Giesion.  Steel,  iQit,  and  Kahn.  1912,  however, 
showed  that  considcrabtc  ubsf}r]jlJon  wxurb  even  from  biscuits  baked  with  alum  baking 
powder,  and  this  tends  to  accumulate  in  the  body.  The  bile  is  espedally  rich;  Uie 
parcnch\Tnatou5  organs  retain  considerable;  the  bmin  and  heart  but  liuie. 

On  tlie  other  hand,  the  Keferee  Board,  1014,  found  no  aluminum  in  the  blood  after 
administering  to  men  i  Gm.  per  day  for  four  days. 

Aluminum  occurs  naturally  in  the  ash  of  bird  feathers  (Gonncrroann,  19x8). 

Excretion. — Schmidt  and  Hoagland.  iQig,  administered  soluble  and  insoluble 
aluminum  compounds,  over  long  periods.  They  recovered  the  entire  ingested  alu- 
minum (within  Uraits  of  error)  from  the  feces;  none  from  the  urine.  Steel,  191 1.  also 
found  it  mainly  in  the  feces  even  after  intravenous  injection.  Kahn,  IQ13,  claims  that  it 
is  excreted  partly  by  the  urine,  after  oral  administration. 

Effects  on  Metabolism. — Schmidt  and  Hoagland,  iqiq,  administered  to  men  over 
extended  periods  about  0.5  Gm.  per  day  of  aluminum,  as  potassium  or  sodium  oJum, 
mndasalumina.    They  found  that  the*mctal  is  excreted  in  the  feces  partlyias  phosphate; 
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thus  defecting  the  phosphates  from  the  urine,  or  preventing  their  absorption  and  al 
tion.     This  is  practicaily  unimportant,  unless  the  income  of  phosphorus  is  de&cicnt. 

They  also  give  the  bibliography  since  the  Referee  Board  report. 

Delayed  Symptoms. — The  aluminum  compounds  spread  very  slowly  even  wl 
injectt'd  subcutaneously,  and  appear  to  penetrate  cells  with  Krcatdiificulty;  for  tbc»>i 
toms  appear  only  several  days  or  weeks  after  the  injection  (Sicm,  1.SH6),  at  a  time  wl 
the  metal  has  entirely  disappeared  from  the  blood,  and  has  become  fixed  in  the  cet 
The  symptoms  then  resemble  those  of  subacute  arsenic  poisoning.     They  never 
when  aluminum  salts  arc  given  by  mouth,  no  matter  in  what  doses,  nor  how  lot 
continued.     Roth  and  Voc^in,  1916,  found  that  prolonged  feeding  of  aluminuaij 
to  animals  produced  mainly  gastro-intestinal  irritation. 

Astringeni  Aciion. — This  has  been  studied  by  Barinetti,  igi4- 


PREPARATIONS — ALUMINUM 

Alumen  (Alum.)»  U.S.P.;  Atumen  Purificatum  (Alum.  Pur.),  B.P.;  Potassium  Ahn 
(.\luminum  Potassium  Sulphate),  AlK(S04)j-|- 1 2H1O;  or  Ammonium  Alum,  AIN'Hr 
(SO*)a+i2HiO.^Large  colorless  crystals;  strongly  astringent  taste;  without  odor. 
Freely  sol.  in  water  (1:7.2),  practically  insol.  in  ale;  freely  r»ol.  in  glyc.  frtfompaiihii 
with  alkalies,  carbonates  and  lead  salts.  Dose,  0.5  Gm.,  8  gr.,  U.S. P.;  0.3  to  0.6  On.; 
5  to  10  ^.,  B.P.  Used  as  gargle  (i  to  5  per  cent.;  somewhat  injurious  to  teeth};  tf 
urethral  mjection  (0.5  to  i  per  cent.) ;  and  as  skin  lotion  ( i  per  cent.). 

*Alum£n  Exsiccaium  (Alum.  Exsic),  U.S.P.,  R.P.  (Burnt  Alum).— Alum  withes 
per  cent,  of  water  (of  cp'StAlh^-ation)  expelled.     It  is  used  as  a  mild  caustic. 

dycerinum  Aluminis  (Glycer.  j\lum!),  B.P. — 20  per  cent,  of  Alum. 

*Liquor  Alumini  Acetatis  (Liq.  Alum.  Acel.),  \.F.,  (Burow's  Solution). — A  dm 
colorless  solution  containing  about  5  per  cent,  of  neutral  aluminum  acetate,  AKCtHtO-': 
Csed  as  a  mild  astringent  and  antiseptic.  A  i  per  cent,  dilution  is  said  to  be  antUrptic 
and  K  per  cent,  germicidal  (Kuchl,  1913).  For  application  to  the  skin  it  should  be  di- 
luted uvc  to  fifteen  times. 

Li^.  Alum.  SubaceS.,  N.F. — Contains  nearly  8  per  cent,  of  basic  aluminum  acttatr, 
AI(OH)  (CtHaOi)!.  It  is  practically  equivalent  to  the  preceding  and  is  used  in  iJk 
Bame  dilutions. 

Alumini  Chloridum  ( Alum,  chlor.),  N.F.  -  AlClj  +  6H|0.  Freely  soluble  in  wiUr 
(1:1);  and  in  ale.  (1:3).  It  has  no  special  advantage  over  alum  as  a  general  astrin- 
gent and  antiseptic.  StilUans,  1916,  recommended  it  in  hyperhydrosis  (painting of  tbc 
skin  with  25  per  cent.,  at  first  every  3  to  3  days;  later  once  a  week). 

Alumini  Uydroxidum  (.Mum.  Hydrox.).  U.S.P.— Chiefly  Al  (OH),.  Prepared  b> 
precipitating  a  boiling  solution  of  alum  with  sodium  carbonate.  White,  bulky,  amor* 
phousi  powder,  odorless  and  tasteless.  Insol.  in  water  and  ale.  Used  as  mild  astringcot 
and  desiccant. 

BAKING  POWDERS 

These  are  chemicals  which  serve  as  substitutes  for  yeast-fermentation,  acntiof; 
bread  and  pastrj^  dough  by  evoKang  carbonic  acid.  They  arc  of  course  altered  in  \^ 
process.  The  decomposition  products  arc  partly  expelled  by  the  heat  of  t)aking.  The 
nxed  residue  is  the  part  which  could  conceivably  produce  pharmacolonc  action. 

The  baking  powders  belong  to  four  chcmic  types  (Crampton,  i8Sg): 

1.  Cream  of  Tartar  Pofwders. — Mixture  of  add  potassium  tartrate  and  sodiuts 
bicarbonate.  Reaction:  K.HC,H,Ob  -f  NaHCOi  =  ILNaCiH^Oi  +  COi  +  H*0. 
Residuum:  11  Gra.  of  Rochelle  Salts  per  loaf  of  bread.     Innocuous. 

2.  Phosphate  Powders. — Calcium  super-phosphate  and  sodium  bicarbouu- 
Reaction:  CaH^(PO^»,  +  sNaHCOj  ■=  CaHPOi  +  NajilPO,  +  jCO,  +  H,0.  SoluWe 
residuum:  3.^  Gm.  sodium  phosphate  per  loaf  of  bread.     Innocuous. 

3.  Alum  l*owder8. — .Alum  (usually  ammonic)  and  sodium  bicarbonate.  Reactwo 
(NH,)j.\l,(SO,)4  -I-  6NaHCOi  =  .Al,(OH).  +  3NajS04  -f  (Nll^hSO.  -f  H*0. 
Residuum,  per  loaf  of  bread:  1.3  Gm.  aluminum  hydrate;  3.65  Gra 

X.I  Gm.  ammonium  sulphate.    The  aluminum  hydrate  is  insoluble  > 
stomach,  some  is  dissolved  by  the  hydrochloric  acid,  and  perhaps  by  Llw  prolciM 
Gics,  iQi  I,  considers  this  seriously  objectionable.     The  sulphates  arc  practically  irithnU 
action.     (The  addition  of  alum  whitens  pastry  baked  from  inferior  Hour.    This  fnoAi- 
lent  use  is  prohibited  in  several  countries.) 

4.  Ammonium  Carbonate. — Decomposed  and  volatilized  as  NHi  +  COi.  EipdM 
so  completely  that  it  is  inactive. 

Some  baking  powders  are  mixtures  of  several  of  the  above.  They  are  often  ditstid 
vrith  indifferent  substances  (starch,  etc.)* 
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CERIUM 

Cerium  resembles  aluminum.  The  insoluble  Cerium  Oxalate  is  em- 
ployed against  vomiting,  especially  in  pregnancy  (Simpson,  1854;  Mills, 
1876),  but  it  is  probably  useless.     It  is  non-toxic  even  in  large  doses. 

Since  cerium  oxalate  is  not  absorbed  (Bachem,  1907),  its  action  roust  be  entirely 
local  and  analogous  to  that  of  bismuth.  This  has  been  demonstrated  experimentally 
by  Bachr  and  Wcsslcr,  i^og:  They  found  that  it  had  no  effect  on  central  vomiting 
(apomorphin),  but  that  large  doses  delayed  vomiting  from  local  gastric  irritation  (ipe- 
cac). Tlicy  also  sliowed  tliat  central  vomiting  was  not  affected  even  by  the  soluble  and 
absorbable  cerium  nitrate.  The  systemic  effects  corresponded  to  those  of  Thorium,  but 
the  metal  b  excreted  exclusively  by  the  feces. 

Injection  of  neutral  solution  of  cerium  tartrate  injures  the  heart,  lowers  the  blood 
pressure,  and  arrests  respiration.  Death  occurs  by  pulmonary  edema.  Repeated  sub- 
lethal doses  do  not  seem  to  produce  nephritis  (Ozaki,  1919). 
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Cerii  Oxalas  (Cerii  Oxal.),  U.S.P. — A  mixture  of  the  oxalates  of  cerium  (about  40 
per  cent.;  Coblentz,  1910),  didymium,  lanthanum,  and  other  associated  elements. 
Fine  white  or  slightly  pink  powder,  without  odor  or  taste.  Insol.  in  water,  ale.  or  cth. 
Doic,  0.2  Gm.,  3  gr..  IJ.S.P.;  0.05  to  0.5  Gm.,  i  to  8  gr.,  as  powder. 

Cerium  NUrate  (soluble)  has  been  substituted,  in  doses  of  0.05  Gm.  or  less,  but  ia 
irrational. 


YTTRIUM  AND  ZIRCONIUM 

NeodynUum^  Praesodymium,  Lanthanum,  YUrium  and  Zirconium  (as  the  chlorids) 
also  precipitate  proteins,  and  the  observed  effects  can  be  attributed  to  this  reaction 
(antisepsis,  paralysi.^  of  muscle,  etc.)  (Dreyfuss  and  Wolf  i90<;  Bachem;  H6bcrt,  1907; 
Hocbcr  and  Spaeth,  1914)-  Their  oxalates  are  all  practically  noa-toxic  by  mouth, 
even  in  enormous  doses  (50  Gm.  per  dog). 


BERYLLIUM  SULPHATE 

Seaman,  1912,  found  that  this  salt,  when  administered  to  dogs  with  food,  resulted 
especially  in  nutritional  disturbances:  emaciation,  with  loss  of  N,  S,  and  P.  Large 
doses  produced  vomiting  without  acute  toxic  symptoms.  H}ix)dcrmicaUy,  it  caused 
local  edema  and  necrosis.  Intravenous  injections  were  markedly  toidc,  with  disturb- 
ances of  circulation,  respiration  and  temperature;  diuresis,  bloody  diarrhea  and  vomit- 
ing.   It  inhibits  the  action  of  digestive  ferments. 


THORIUM 

The  chemic  cffecU  resemble  those  of  aluminum.  The  nitrate  of  thorium  is  markedly 
astringent,  precipitating  proteins  and  coagulating  blood.  Injected  hypodermicalty,  it 
causes  ulcerutiun.  The  toxicity  is  slight.  It  is  fairly  well  tolerated  by  the  stomach, 
very  large  doses  being  required  to  produce  vomiting.  It  is  not  absorbed  from  the  alimen- 
tary canal.  The  audition  of  sodium  citrate  pre\'ent5  the  coagulant  action.  When 
this  solution  is  injected  intravenously,  it  has  absolutely  no  effect  on  the  circulation,  or 
any  other  function,  even  when  0.25  Gm.  arc  injected  per  kilogram  of  dog.  However, 
the  animals  remain  emaciated,  and  show  ulcers  of  the  gums.  When  killed,  after  some 
weeks,  an  extensive  calcification  of  connective  tissue  is  noticed.  The  thorium  is  ex- 
creted by  the  kidneys.  The  solutions  have  no  effect  on  the  excised  muscle  or  heart  of 
frogs  (Cbace  and  Gies,  Brown  and  Sollmann,  1Q05).  The  nitrate  was  tried  for  stimulat- 
ing ulcers,  but  did  not  prove  superior  to  alum.  The  oxalate  and  oxid  arc  practically 
insoluble. 

The  thorium-sodium  citrate  solution  is  impervious  to  X-rays,  and  has  t»ecn  suggested 
for  radiographic  work  (Bums,  1915). 
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RADIO-ACTIVE  METALS 

General  Statement. — Thorium,  radium,  uranium,  etc.,  undergo  atomic, 
decay  into  a  series  of  new  elements  (emanation,  etc.).    This  decay 
accompanied  by  the  generation  of  rays  which  produce  irritant  or  destruc- 
tive effects.    Radium  itself  is  thus  used  to  irritate  or  destroy  pathologii 
tissues.    The  milder  emanations  are  employed  especially  against  chroi 
joint  and  rheumatic  diseases.     Their  therapeutic  status  is  still  unceriaii 
but  the  original  expectations  were  probably  too  optimistic. 

Nature  of  Radio-Activi^. — Radio-flctivity  is  defined  as  "the  property  of  s[ 
ously  emitting  radiations  capable  of  pat^sing  through  plates  of  metal  and  oth< 
stances  opaque  to  ordinary  light  and  having  the  power  of  discharging  electrilicd 

The  rays  may  be  of  several  Idnds: 

Cathode  rays  are  produced  when  an  electric  discbarge  is  passed  throtigh  a 
vacuum  tube.     They  are  interpreted  as  negatively  charged  particles  (corpuscles 
electrons)  sent  off  from  the  cathode  with  ver>'  high  velocity. 

X-rays  (Roentgen,   iHgs)  are  produced  when  the  cathode  rays  strike  the  wall 
the  tube.     They  are  believed  to  consist  of  a  scries  of  pulses  in  the  ether,  somcivbxl 
analogous  to  light,  but  sent  out  at  irregular  intcr\'a]s. 

Radio-active  Metals. — Active  rays  are  also  emitted  by  a  number  uf  met&ls  of  htjcli 
atomic  weight,  and  by  their  compounds,  presumably  in  the  course  of  the  disintegntioq 
of  their  atoms. 

The  discovery  of  radio-activity  started  with  the  observation  of  Becquerel,  1896, 
iranium  salts  act  on  photographic  plates  through  black  paper.     Similar  mys  were 
»vered  in  thorium  in  iRq8  by  Schmidt  and  Mme.  Curie;  and  in  the  same  year 
Curies  discovered  polonium  and  radium. 

The  principal  radio-active  metals  are:  thorium,  radium,  uranium,  and  some  otbci 
Cionium,  polonium,  etc.],  and  tlieir  disintegration  products.    Four  kinds  of  rays 
distinguished: 

The  alpha -rays  have  low  penetrating  power,  but  are  most  efficient  in  ionizing  gsi 
They  consist  probably  of  posUively  charged  helium  atoms.    They  represent  the 
energy  of  radiation. 

The  beta-rays  are  more  penetrating,  with  less  ionising  action.    They  are  ironsider^f 
as  negative  electrons,  and  therefore  identical  uii/i  ike  cathode  rays,  except  in  their  vclixK) 
They  are  also  identical  with  the  more  slowly  moving  deita-rays,  wTiich  are  produced 
when  alpha-rays  strike  solids. 

The  gamma-rays  have  the  highest  penetrating  and  the  lowest  ionizing  poirrr. 
They  arc  uienticil  wish  the  X-Rays;  i.e.,  they  consist  of  ether  vibratiotts,  produceid  07  ihr 
impact  of  the  beta  particles. 

The  ratio  of  these  rays  varies  for  the  different  metals,  but  is  constant  for  the  Mine 
metal,  independent  of  its  combination  or  other  conditions. 

Disintegration  of  the  Radio-active  Metals. — A  spontaneous  disinte|[nitioc  tif  (V 
atoms  characterizes  all  the  radio-active  clcmenLs,  and  is  the  cause  of  the  discharge  of  the 
rays.  This  transmutation  is  also  independent  of  external  conditions.  The  prDb«tfle 
course  of  the  atomic  decay  for  thorium,  uranium  and  radium  is  as  follows: 

Uraniufn  minus  a  =  Ur.  X;  —  ^  and  y  =  Ionium;  —  a  and  0  -  Radinm;  —  o,^ 
and  y  =  Emanation  (Gas);  —  a  ^  Rjtdium  A  (Induced  Radio-acti>'it>');  -  o  * 
Radium  U;  little  radiation  »  Radium  C;  —  a,  /3  and  y  »  Radium  D;  00  radiatkui 
=«  Radium  E;  —  ^  and  7  -  Radium  F;  —  or  =  (?Lead  ?). 

Thorium  a  «  Mesothorium;  —  ^  *■  Radiolhorium;  —  a  —  Thorium  X;  -  ■  " 
Emunation;  —  a  =  Thor,  A;  —  /S  =  Tbor.  B;  —  a  ^^  Thor.  C;  —  or  =? 

Emanation.— This  is  the  first  product  of  the  disintegration  of  radium.  It  ha*  ti« 
properties  of  a  colorless  indifferent  gas.  It  diffuses  through  porous,  l^ft  •^^^  '^Tnujtfc 
tight  containers;  can  fjc  condensed  into  a  liquid  by  low  temperature  Uf  *  b>' 

heat,  etc.  Its  chemic  properties  resemble  the  argon  group.  A  similar;:  __  rrim- 
tion  is  produced  by  thorium  X.  When  the  metals  arc  subjected  to  high  tcmpcnturr. 
the  gas  is  driven  off  and  their  emanating  power  is  lost;  but  they  recover  on  rcstinit. " 
their  deterioration  proceeds. 

Radium  Emanation. — "  Radium  emanation  is  continuously  given  off  from  aqueous 
solutions  of  radium  wilts.  It  can  be  collected  as  it  escapes  from  the  aolutioD,  dnwnoB 
through  the  use  of  the  mercury  pump,  or  by  other  suilaulc  means,  quantitativety  del*" 
minc<l  by  either  the  alpha-  or  gamma-ray  electroscope,  brought  into  solution  in  vt^ 
for  internal  or  external  use  or  t>e  set  free  In  an  cmanatorium  for  inhalation  treatDKOt 
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It  may  be  collected  into  small  elas^  containers  and  this  u&ed  in  place  of  the  applicators 
described  under  surgical  use"  (X.N.k.). 

Decay  of  Emanation. — The  emanations  lose  their  activity  rapidly.  That  of  thorium 
falls  to  one  half  in  one  minute  and  to  almost  nothing  in  a  very  few  minutes.  That  from 
radium  persists  for  some  days.  The  decay  is  due  to  the  change  of  the  emanation  into 
radium  A  (induced  radio-activity)  or  thorium  A,  ^vith  the  production  of  alpha-raya 
(charged  helium).  The  rate  of  decay  is  independent  of  external  conditions,  such  as 
temperature. 

Induced  Radto-actiTity. — .\ny  substance.  Liquid,  or  solid,  when  left  in  the  presence 
of  radium,  acquires  radio-activity.  This  is  due  to  the  deposition  of  a  radio-active 
substance,  "radium  A"  or  "emanation  X"  on  the  surface.  This  substance  is  formed 
by  the  decay  of  the  emanation.  Its  quantity  is  e.vtremely  small.  The  deposit  can  be 
removed  chemically  or  mechanically,/.*.,  by  sandpaper.  It  also  decays  simitariy  to  the 
emanation  into  radium  R.  etc. 

Properties  of  Radium. — Radium  is  a  biv-alent  element,  closely  related  to  barium. 
Because  of  its  chemic  reactivity,  it  can  not  be  kept  in  the  metallic  state  and  is  therefore 
marketed  in  the  form  of  its  salts,  especially  the  soluble  bromid  or  chlorid.  and  the 
insoluble  sulphate  and  carbonate.  It  is  generally  mixed  vi'ith  more  or  less  of  the  corre- 
sponding barium  salts  and  is  !>otd  on  the  basis  of  its  ntdium  content,  as  determined  by 
the  radio-artixnty. 

Determination  of  Radio-actirity. — This  is  accomplished  by  measuring  the  ionization 
of  gases.  "Thus  when  radium  is  allowed  to  acton  the  air  in  a  chnrf^ed  gold-leaf  eleclrcw 
scope  the  air  ticcomes  ionised  and  therefore  a  conductor  of  electricity  and  allows  the 
charge  to  leak  out.  causing  the  leaf  in  the  electroscope  to  move.  By  observing  the  rate 
of  movement  of  the  leaf  in  a  calibrated  apparatus  the  radio-activity  can  be  determined  " 
(N.N.R.). 

Units. — "  Quantities  and  concentrations  of  radium  emanation  are  expressed  in  terms 
of  "curies"  and  Machc  units.  A  "curie"  is  the  amount  of  emanation  in  equilibrium 
with  one  gram  of  radium;  a  microcuric.  one  millionth  of  a  "curie,"  is  the  amount  of 
emanation  in  equilibrium  with  o.ooi  mg.  radium  and  is  equivalent  to  about  2,500  Mache 
units"  (N.N.R.).  A  more  detailed  description  of  the  measurement  of  radium  emana- 
tions is  given  by  Stratton,  1015. 

Radio-active  Thorium  Compounds. — Ordinary  thorium  gives  off  alpha-rays  and 
changes  into  mesothorium  (discovered  by  O.  Hahn,  1907).  Its  chemic  proncrtica 
resemble  those  of  radium  and  barium,  differing  in  the  intensity  and  power  of  radiation. 
It  gives  off  beta -rays  and  changes  into  Radiothorium.  and  this,  by  giving  off  alpha-rays, 
passes  successively  into  Thorium  X  and  Emanation.  The  thorium  X  is  thc-rcforc  the 
principal  radio-active  product.  The  distribution,  excretion  and  effects  are  described  by 
Piesch,  Karzag  and  Kcctman,  iqi3.  The  actions  and  therapeutic  uses  are  in  all  re- 
elects similar  to  radium.  It  is  less  efficient,  but  much  cheaper  (Schwarz  and  Zehner, 
IQ12;  Falta  and  Zehner,  1912;  Gudzeot,  igis).  Ledoux  and  Lebard,  1Q13,  consider 
mesothorium  even  better  than  radium  against  malignant  tumors,  and  believe  that 
thorium,  X.  because  of  its  richness  in  alpha-rays,  is  especially  suitable  for  internal 
medication. 

Biologic  Effects  of  Radium  Rays. — Exposure  to  radium  affects  all 
living  cells,  similarly  to  X-rays.  The  tissues  differ,  however,  in  their 
relative  susceptibility  to  the  different  radiations.  According  to  the 
dosage,  the  results  are  irritant  or  destructive.  In  higher  animals,  the 
irritation  grades  from  hyperemia  to  destructive  inflammation  (Bibliog- 
raphy, Loewenthal,  igi2;  Hussakoff,  1907). 

Intact  Animals. — Continued  exposure  of  mice  (London)  produces  in  three  or  four 
days,  nerv'ous  depression  terminating  in  coma.  In  rabbits,  the  symptoms  begin  in 
two  weeks  and  last  many  months.  They  consist  in  loss  of  hair,  ulceration  of  the  skin, 
ocrvous  changes  similar  to  those  in  mice,  and  sexual  impotence.  In  man,  overexposure 
has  produced  persistent  diarrhea,  vomiting,  general  weakness,  and  coma. 

The  susceptibility  of  the  individual  organs,  according  to  Horowitz,  is  greatest  in 
the  central  nervous  system,  lymphatic  tissues,  sexual  glands  and  Hver.  It  is  less  in  the 
kidneys,  -tuprarcnals,  cartilage,  muscle,  and  vessels;  least  in  salivary  glands,  pancreas 
and  raucous  membranes. 

Central  Nervous  System. — Obcrsteincr  found  the  following  symptoms  in  mice  which 
died  after  three  to  five  weeks'  exposure  to  radium:  ain\*ulsions;  forced  movements; 
motor  restlessness;  paralysis  of  individual  extremities;  ataxia;  paralysis  of  sphincters; 


9IO 


MANUAL   OF   PEARltACOLOGY 


trophic  disturbances.     The  autopsy  Bhowcd  inflammatory  changes  of  the  entire  n( 
axis,  with  the  degenerative  lesions  in  the  ncn^e  cells. 

Sexual  Organs.— The  spermatozoa  of  guinea  pigs,  when  exposed  to  radium  in  vUro, 
soon  lose  their  motility  (I^ndon  and  Ckildberg).  The  testes  of  exposed  guinea  pigs 
show  atrophy,  degeneration  of  the  epithelium,  and  absence  of  spermatozoa  (Alberv, 
Scbucnberg;  Lonuou;  Frieden).  The  ovaries  exhibit  analogous  changes  (I 
stadter;  Ixindon). 

Lyn^hatic  Tissue. — This  reacts  especially  strongly.     Inflammatory  changes  ai 
found  in  the  spleen,  intestinal  follicles,  mesenteric  glands,  etc.  fHetneke;  London), 
Smaller  doses  aestroy  the  follicles  and  increase  the  connective  tissue.     The  leucocyte 
are  diminished  by  emanation  and  by  X-rays.     It  is  not  known  whether  there  is  int 
destruction  or  lessened  production. 

Blood. — The  hypodermic  injection  of  soluble  radium  salts  produced  rapid  in< 
of  the  red  cells,  persisting  for  several  week."?.     The  hemoglobin  did  not  rise  as  mo< 
The  leucocytes  were  also  increased  by  small  doses  but  diminished  by  large  (Brill 
Zehner,  1912).     In  vitro,  sheep  corpuscles  arc  hemolyzed,  and  methemogtobin  is  for 
(thorium  X,  Schwartz  and    enncr.  IQ12). 

Sailer,  1Q16,  reports  good  results  from  the  radium  treatment  of  poiytythcmi4i. 

Leukemia. — Treatment  with  X-rays,  radium  and  thorium  X  causes  a  tem| 
decrease  of  the  leucocytes  and  the  size  of  the  spleen,  and  delays  the  progress  of 
disease.    The  clinical  improvement  is  often  even  better  than  the  blood-picture.     He 
ever,  the  results  are  not  permanent.     Repeated   treatment  may  agam  be  cffectivi 
keeping  the  cells  about  20,000  to  30.000;  but  eventually  the  patients  succumb  (Stenj 
1Q17;  Griffin,  1917;  PeabtxJy,  1917. 

Radium  is  sometimes  effective  when  X-rays  or  benzol  fail  (Ordway,  iqk6).  It 
applied  over  the  spleen;  or  first  over  the  bones. 

The  scrum  of  X-rayed  patients  caused  immediate  and  marked  reaction  on  inj 
into  lymphocytic  patients  (Capns.  iqi?)-     However,  thorium  X  also  decreases  the 
corpuscles  and  produces  parenciiymatous  changes.     It  should  not  be  used  where  su( 
lesions  exist  (Hahn,  igt4). 

Excised  Heart. — Zwaardemakcr  and  Feenstra,  IQ16,  1918,  claim  that  the  pot^>j 
sium  of  Ringer's  fluid  may  be  replaced  by  eguiradioactivc  quantities  of  any  of  the  ndi( 
active  metals;  and  that  therefore  the  action  of  potassium  in  aiding  automatic 
tractions  is  due  to  its  radioactivity.     Further  work  is  needed  to  conArm  this  theory. 

Glucose  Permeability  of  Kidneys. — H.  J.  Hamberger  and  Brinkman.  1017.  cUiml 
that  this  is  also  affected  by  potassium,  uranium  and  radium  in  cquiradioaclivc  doses 

Skin. — The  effects  are  identical  with  X-rays.  After  a  quiescent  period  of  about 
two  weeks,  the  changes  begin,  and  resemble  sunburn;  with  increase  of  pigment;  rube- 
faction  and  burning  sensation.  This  may  subside  in  a  few  days  with  a  little  scatiniEt 
or  it  may  pass  into  intense  congestion,  vesication  and  loss  of  hair.  The  blisters  ruptuic 
leaving  a  raw  surface  covered  with  necrotic,  diphtheritic  membrane.  This  may  progress 
to  highly  indolent  and  painful  ulceration. 

These  ulcers  heal  slowly  and  incompletely.  Where  the  corium  is  destroyed 
(generally  by  necrosis  of  the  vessels),  the  epithelium  tends  lo  invade  the  UDderl>"iftf 
tissue  and  may  result  in  cancer  of  the  skin.  Selective  destructive  changes  occur  in  ™- 
taneous  tuberculosis,  carcinoma  and  sarcoma  fPusey,  lyii). 

The  Blood  Vessels  of  the  Skin  5how  dilation,  emigration  of  leucocytes;  bter 
swelling  of  endothelium  and  extravasations  (Thics). 

The  effects  of  mcsothorium  on  the  vessels  of  the  rabbit's  ear  were  studied  by  Rickcr» 

Embryonal  Development. — This  is  hindered  in  the  ova  of  lower  animals,  as  obo  u> 

chicken  eggs. 

Radium  radiations  thicken  the  fertilization  membrane  of  Nereis  ova  f  Redfiekl  as<l 
Bright,  1918). 

Plants. — The  leaves  and  seeds  are  killed. 

Bacteria. — The  raysare  rather  feebly  bactericidal,  the  alpha-rays  being  mosl  effective 
To.\ins  are  probably  not  injured  (Goldberg). 

Ferments. — Autolysis  is  increased  (Neuberg).  Other  ferments  differ  in  suicept- 
bility. 

Decomposition  of  Lecithin. — Schwartz,  1904.  obsened  discoloration  and  odor  in 
the  yolk  of  hen's  eggs,  >uKgesting  decomposition  of  lecithin.  This  occurred  also  « 
vitro.  Wohlgemuth  referred  this  to  stimulation  of  aulolytic  ferments;  but  Mcsernitxkv 
ob5cr\ed  the  decomposition  even  in  boiled  yolk.  Werner  and  .\scher,  1911.  conftrrofll 
the  decomposition,  and  showed  that  the  injection  of  decomposed  lecithin  i»r  dwlin 
into  animals  produced  degenerative  changes  analogous  to  the  rays,  in  the  blood,  teste*. 
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«Bn7*etc.  Promising  results  were  also  obtained  with  tumors.  The  same  effects  arc 
produced  by  thorium  X.  This  also  decomposes  proteins  and  reacts  with  many  other 
orgainic  substances  (Falta  and  iCehner.  1Q13).  Feniau  and  Pauli,  1Q15,  tjnd  that  the 
changes  by  proteins  by  radium  rn>-s  resemble  those  of  heat  coagulation. 

Vitamins. — These  are  not  affected  by  radium  rays  or  emanation  (Funk,   1916). 

Stirgical  Uses  of  Radium. — These  are  employed  for  producing  inflam- 
matory reaction  or  destruction  of  tissue  in  skin  lesions,  birth-marks, 
scars,  epithelioma  and  other  accessible  tumors,  malignant  or  benign 
(pelvic,  breast,  neck,  etc.).  Deejxr  structures  may  be  reached  by  filter- 
ing the  gamma-rays  through  at  least  3  mm.  of  lead.  Nearly  all  pathologic 
tissues  are  more  sensitive  than  normal  tissue. 

Sarcoma  is  generally  more  amenable  to  ray  treatment  than  is  carcinoma 
(Pancoast,  1^17).  The  efficiency  is  due  to  the  beta-  and  gamma-rays, 
which  are  proportiona!  to  the  radium  content  of  the  salt. 

Surgical  Application. — The  dosage,  etc.,  is  still  in  an  experimental 
stage.  Heavy  doses  are  usually  employed  for  epithelioma  and  deep  work 
(always  filtered);  and  lighter  doses  for  the  other  conditions, 

Roentgen-rays  in  Cancer. — They  are  said  to  be  useful  in  cutaneous  epithelioma  and 
localued,  superficial,  inoperable  cancers;  but  useless  in  deep-seated  or  widely  dissemi- 
nated forms  (Pusey,  igi^f  Pfahler,  1Q17).  The  use  of  mcsothorium  in  cancer  is  dis- 
cussed by  Bumm,  1913  (j.  Ewing,  1917,  is  rather  optimistic  as  to  the  local  treatment 
of  cancer). 

Fate  of  Raditun. — After  oral  administration  of  insoluble  radium  salts  (sulphates) 
to  mice,  the  digestive  tract  is  strongly  radio-active;  the  other  organs  and  the  urine 
contain  mere  traces.  With  soluble  preparations,  orally  or  h>'podermicallv,  the  rxfretitm 
also  occurs  mainly  by  the  small  and  large  intestines,  and  by  the  lungs;  little  by  the  urine, 
and  none  by  the  liver  and  skin.  The  excretion  of  the  soluble  preparations  is  prompt; 
it  is  very  slow  after  the  injection  of  the  insoluble  salts  (E.  Smith  and  BeHingham,  1912; 
Brill  and  Zehncr,  1912).  The  emanation  has  a  high  lipoid  coefficient,  and  is  distributed 
in  the  organs  in  proportion  to  its  solubility  fKnaffl-Lenz,  1912).  Witli  inhalation,  the 
amount  in  the  blooa  increased  with  the  time  of  exposure.  The  excretion  is  rapid,  es- 
pecially by  the  expired  air,  and  partly  by  the  urine. 

Biologic  Effects  of  Radiuon  Emanation. — Large  doses  produce  toxic 

effects  essentially  identical  with  those  of  radium.  The  toxic  dose  for 
man  has  not  been  determined.  The  actions  are  greater  by  inhalation  than 
by  hypodermic  administration.  With  the  smaller  (therapeutic)  doses, 
the  effects  are  somewhat  different. 

Inhalation  of  Large  Doses. — This  leads  to  dyspnea  and  depression  (but  no  true 
narcosis),  terminating  in  death.  The  autopsy  shows  widesprcaa  h>peremia,  «"ith  his- 
tologic changes  in  the  bmin  cells,  and  to  a  less  degree  in  other  central  nerve  cells.  The 
emanation  hemolyses  the  blmxl  of  guinea  pigs,  but  not  of  rabbits.  It  decomposes 
lecithin  (Knaffl-I^nz,  191 2;  Poulsson,  1908). 

Effects  of  Therapeutic  Doses. — The  activity  of  autolytic  fermenh  is  increased; 
diastase  is  first  hindered,  then  augmented;  pepsin  and  tr>-psin  are  augmented.  There 
is  little  bticJeriridiil  iUtion.  The  citthryonal  drvdopmeni  of  lower  animals  and  the  growth 
of  plants  is  hastened.  In  healthy  man,  the  lenc^cyies  are  first  increased,  then  dimin- 
ished. The  coaf^HlabUUy  of  the  blood  is  promptly  and  markedly  raised.  The  blood  pres- 
ure  is  generally  lowered  20  to  25  mm.  (Locwy  and  PIcsch),  so  that  the  work  of  the 
heart  is  diminished.  This  is  attributed  to  vavo-motor  changes.  The  hypnotic  action 
which  is  often  obscr\'cd  may  be  due  to  modi5cations  in  the  cerebral  circulation.  The 
frog's  heart,  perfused  with  activated  Ringer's  solution,  is  slowed  with  increased  diastole 
and  irregularities;  small  doses  arc  sometimes  stimulant  (Maas). 

In  rheumatic,  gouty  and  chronic  inflammatory  conditions  the  emanation  treatment 
often  causes  a  "rtaction,"  consisting  in  an  cxaccrliation  of  the  inflammatory  symptoms. 
This  occurs  after  a  few  days  of  treatment,  and  subsides  spontaneously  if  the  treatment 
is  continued. 

Urate  Metabolism. — ^Investigations  with  modern  methods  have  failed  to  show  any 
effect  on  the  uric  acid  of  the  blood,  by  radium,  intravenously  or  by  inhaJatioa  (Fine 
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and  Chace,  1914)*    L^ss  perfect  methods  led  to  the  general  belief  that  the  ipniUiUn 
of  emanation  leads  to  increased  elimination  of  uric  acid  and  purin  bases,  en-? 
well  as  exogenous;  that  this  is  followed  by  the  disappearance  of  urate  dej  •  .1 

or  artilkial  (KofanowJ;  and  that  in  gout,  the  uric  acid  disappears  from  the  biufid,  oiien 
with  subjective  improvement.  AbL,  1Q13,  also  claims  increased  climinatioa  of  endog- 
enous uric  add  by  thorium  X.  The  mechanism  of  these  effects  (if  they  occur)  is 
established. 

Gudzent  claimed  that  radium  D  (formed  from  the  emanation  but  not  from  the  r 
converts  in  the  test-tube  the  lactim  urate  into  tiic  soluble  isomeric  lactam,  and 
into  NH]  and  CO^.     FuIul  and  Zehner,  igis.  claimed  that  thorium  X  also  increases 
solubility  of  urates  and  destroys  uric  acid.     Other  observers  (I.azanis;  Knaffl-Leiu 
Wiechowslci,  iqij)  have  been  unable  to  conErm  the  destruction.    Lazarus  attrfbatd] 
Gudzent's  results  to  mould  fungi. 

Kaplan,  1Q12,  claims  that  alkaiitit  radium  staier  decreases  the  uric  acid  and 
the  purin  bases;  Stachelin  and  Maase,  igt2,  affirm  that  these  alkaline  waters  dii 
the  gas  metabolism  in  health,  but  not  in  gout. 

tlierapeutic  Use  in  Gout. — Favorable  effects  arc  claimed.     In  most  cases  the  lrei( 
ment  brings  on  an  acute  attack,  generally  mild,  in  the  lirst  six  to  fourteen  days  of 
ment.     Improvement  sets  in  after  three  to  four  weeks,  parallel  to  the  disappear*! 
of  urates  from  the  blood.     Cases  with  anatomic  lesions  are  not  so  favorable. 

Therapeutic  Use  in  Ardirites. — Emanation  treatment  is  said  to  be  markedly 
ful  in  chronic  Joint  and  "  rheumatic  "  lesions,  sciatica,  tabes,  pain,  etc.     The 

is  on  the  pain  but  the  inflammator>' phenomena  are  also  decreased.     The  impi     

is  often,  but  not  alwa>'s,  preceded  by  the  "reaction"  a  flareup  of  the  inllammatt 
symptoms  (Loewenthal;  ruerstenberg).     The  late  Sbrous  and  anatomic  changt 
not  removed.    The  results  arc  therefore  better  in  early  cases  and  in  young  siibjff 
Acute  arthritis,  arthritis  deformans,  and  luetic  or  tubercular  lesions  are  not  atfecK 
Progres-sive  |iolyarthriUs  and  chronic  myalgia  react  well. 

This  was  the  first,  and  is  probably  the  most  successful  use  of  the  emanation 
wenthal;  Laqucur).    The  mechanism  of  the  action  is  not  explained.     It  may  be  main] 
analgesic;  but  Gudzent  assumes  a  direct  effect  on  the  inffammation,  activatioQ 
autolytic  fermentt,  and  general  increase  of  metabolic  processes. 

Administratjon  of  the  Emanation. — This  can  be  carried  out  properly  onU- ' 
equipped  hoi^pitals.  "It  may  be  administered  as  baths,  by  subcutaneous 
the  ncighl>orhood  of  an  involved  joint  (0.05  to  0.5  microcurie  in  i  or  z  c.c.  niiuij 
water),  by  local  application  as  compresses  (5  to  10  microcuries),  by  mouth  as  a  drink] 
cure  (in  increasing  doses  of  from  i  to  10  microcuries  three  or  more  times  a  day),  of 
by  inhalation,  the  patient  for  two  hours  daily  remaining  in  the  cmanatorium  wbkk 
contains  0.0025  to  0.25  (average  o.i)  microcurie  per  liter  of  air"  (X.N.R.). 


SILVER 

General  Statement. — The  inorganic  silver  salts,  especially  the  nitrate, 
are  used  to  produce  astringent,  caustic  and  antiseptic  effects.  They  form 
resistant  precipitates  with  proteins,  so  that  their  local  action  is  easiljr 
controlled.  The  toxicity  for  hjgher  animals  is  very  low,  and  the  Mli- 
septic  efficiency  is  high.  In  the  presence  of  the  tissues,  silver  surpftsscs 
mercury,  since  the  protein  compounds  of  silver  are  also  antiseptic.  These 
may  be  used  directJy  when  antiseptic  action  without  irritation  is  dearcd 

Silver  is  not  absorbed  in  sufficient  quantity  from  the  alimenlaty  canal 
to  produce  systemic  actions.  Because  of  its  precipitation  by  protrina 
and  chlorid,  even  large  doses  of  silver  nitrate  rarely  produce  serious  poison- 
ing. Long-continued  use  results  in  blackish  cfiscoioration  of  the  skifl 
(argyrism)  by  the  deposition  of  silver  particles,  probably  organic.  Trace 
must  therefore  be  absorbed. 

Argyrism. — This  develops  gradually  after  prolonged  internal  or  external  tue  <d  ■1'*' 
when  tlie  total  dose  has  reached  15  to  30  Gm.  Sincesilvcr  is  now  rarely  used  in  thi5«y 
the  condition  is  infrequent.  It  has  been  produced  by  the  application  of  silver -cnntiiB* 
ing  hair  dyes.  It  may  also  occur  locally  from  the  use  of  organic  silver  prepantioiaoa 
lacerated  tissue  (Olson,  19x7). 
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Argyrism  consists  in  a  bluish-blaclc  discoloration  of  the  skin,  especially  where  exposed 
to  light;  and  of  internal  organs  and  mucous  membranes  (Frommann,  1S57;  Riemer, 
1876).  The  black  granules  do  not  consist  of  metallic  silver,  for  tliey  are  easily  soluble 
in  KCN,  and  difl5cultly  in  concentrated  nitric  add.  In  the  skin,  they  arc  situated  in 
the  connective  tissue  of  the  corium  in  the  collagen,  and  especially  in  the  elastic  fibers. 
They  remain  indefinitely.  No  silver  can  be  demonstrated  m  the  urine.  The  argyrism 
docs  not  give  rise  to  other  symptoms.  In  animals,  silver  dcsposition  has  also  been 
produced  in  internal  organs,  but  not  in  the  skin. 

.Argyrism  persists  indefinitely  or  disappears  very  slowly.  Crispin.  1914,  and  Olson. 
1916,  believe  that  recovery  is  hastcneci  by  hexamcthylcnamin.  (Mercuric  chloria 
decolorizes  the  granules  in  vitro,  but  not  in  situ). 

Silver  Stains. — The  stains  following  shortly  after  the  application  of 
silver  salts  are  quite  distinct  from  argyrism-  They  are  easily  removed 
by  10  per  cent.  [)otassium  iodid  itr  cyanld;  or  by  10  per  cent,  mercuric 
chlorid  in  10  per  cent,  ammonium  chlorid  (Mankiewicz,  1916). 

Systemic  Actions. — These  are  never  seen  in  man  but  may  be  produced  in  animals  by 
the  injection  of  non-prccipiUint  silver  solutions  (AgCl  in  sodium  thiosulphatc,  Gacht- 
gens,  [S90;  colloid  AgCl  or  Agl,  Gros,  1Q12).  The  actions  are  mainly  on  the  central 
rvous  system,  consisting  of  paralyses  and  spasms,  beginning  in  the  lower  extremities; 

turbanccs  of  respiration;  and  fall  of  blood  pressure  (paralysis  of  vasomotor  center?); 

etimes  diarrhea.  The  secretion  of  broncnial  mucus  is  greatly  increased,  probably 
by  injury  to  the  epithelium,  and  may  lead  to  asphyxia.  Death  occurs  usuallv  promptly, 
by  paralysis  of  respiration;  the  diaphragm  being  paralyzed  before  the  other  respira- 
tory muscles.  The  heart  is  but  little  affected  and  may  beat  after  death.  In  frogs, 
the  paralysis  is  preceded  by  conviilsions  (Ball,  1S65;  Jacobi,  1S77;  Gachtgens). 

Chronic  systemu  poisoning  shows  changes  in  the  blood  corpuscles;  disturbances  of 
metabolism;  cloudy  swelling  of  the  heart  and  skeletal  muscle;  and  fatty  degeneration 
of  the  livrr  and  kidney  (Bogoslowsky). 

Therapeutic  Use  of  Silver  in  Nerrous  Diseases. — (Insanity,  Epilepsy,  Etc.). — This 
was  a  survival  of  the  fantastic  teachinj;  of  the  middle  ages,  when  it  was  based  on  its 
dedication  to  the  moon,  and  the  supposed  connection  of  the  latter  with  lunacy. 
Although  it  is  absolutely  proved  that  silver  can  not  be  absorbed  in  amounts  sufficient 
to  have  any  action  whatsoever,  it  has  been  tried  again  and  again  against  all  fonns  of 
nervous  disease,  with  uniformly  negative  results. 

Local  Astringent  and  Caustic  Action — Silver  nitrate  acts  as  astringent, 
irritant  or  caustic,  according  to  the  strength  and  duration  of  its  applica- 
tion. The  surface  first  turns  while,  then  gradtially  gray  and  black  by  the 
reduction  to  metallic  silver  and  oxid.  The  nitrate,  fused  into  pencils 
("Lunar  caustic")  is  used  in  substance  for  the  removal  of  warts,  etc., 
and  the  stimulation  of  ulcers  and  granulations.  The  pencils  should  be 
moistened  before  use.  Solutions  are  employed  for  their  astringent  and 
antiseptic  action  in  acute  and  chronic  catarrhal  inflammations  of  mucous 
membranes,  in  the  following  concentrations: 

Ordinar)'  conjunctivitis,  o.a  to  2  per  cent.  Disinfection  of  conjunctiva  (prevention 
<if  ophthalmia  neonatorum),  a  drop  of  j  per  cent.,  followed  in  a  few  minutes  hy  normal 
saline  to  arrest  the  action.  Larynx,  2  to  10  per  cent.  Urethritis  (gonorrheal  or  other), 
irrigation  with  r :  10.000  to  1 :  20,000.  Cystitis,  irrigation  with  i ;  5,000.  Gastric 
douche  (hyperchlorhydria  and  ulcer),  1:2,000  to  x:t,ooo,  followed  after  two  minutes 
Ijy  sodium  chlorid  solution. 

Penetration  of  Silver  Nitrate. — Contrary  to  the  prevalent  opinion,  the  action  of 
silver  nitrate  extends  quite  deeply,  since  it  forms  easily  soluble  double  salts  of  silver 
Albuininates  and  .sodium  chlorid  in  the  tissues  (Unna,  Schumacher,  1Q15). 

Antiseptic  Concentration. —  irr.ooo  is  fatal  to  bacterial  cultures  in  five  minutes; 
*  :So,ooo  in  blood  serum  has  a  distinct  inhibitor>'  effect. 

A  watery  solution  of  silver  phosphate  with  cthylendiamin  is  said  to  be  more  pene- 
^^ting,  which  would  be  an  advantage  especially  in  urologj';  but  it  seems  to  be  too  irri- 
l«at  fFnienkel). 

The  mucous  membranes  should  always  be  cleansed  before  the  silver  is 
applied.     The  solutions  must  be  made  with  distilled  water.    The  action 
y  be  stopped  with  sodium  chlorid.  1 
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Silver  Pills. — PiUa  of  silver  nitrate,  lo  to  20  mg„  5^  to  *-a  gr.  (made  with  kaolin  smI 
petrolatum),  are  sooielimes  used  in  gastric  ulcer,  etc.  There  is  urobably  a  sli^t  looJ 
action  before  the  Rilvcr  is  precipitated,  and  after  it  is  dissolved  by  protein.  The  «**(, 
G.03  to  o.r  Gm.,  ^  to  i^  gr..  may  be  similarly  employed- 

Silver-poteia  Compounds. — These  arc  practically  non-precipilaoland  therefor  i 
astringent  und  non-irritant;  but  they  possess  a  limited  degree  of  antiseptic  and 
cidal  efficiency,  even  in  the  presence  of  proteins  (Culver,  19:8;  Dakin  and  D» 
The  most  important  may  be  arranged  under  3  t>'pes  (Sollmana,  igiS); 

Silvcf 
Type:  Content!  IrritaCian  Commerctal  namea 

Collar  got. .......     85  to  75. . .    Slight  or  none  .  CollargoL 

Argyrot 20  to  25. . .    None Argyrol,  Cargentos,  SoUrgcnUtat' 

Protargol 7  to  85 . . ,    Distinct Protargol,     Silvxr     Proteinate,     f*n>- 

targentum. 

They  are  used  in  gonorrhea  (o.i  to  2  per  cent.);  conjunctivitis  (0.5  lo  s  per  ccnL); 
nofic  and  throat  infections  (2  tu  10  per  cent.);  etc. 

The  products  usually  dissolve  slowly  in  cold  water.  The  solutions  dccompocr  os 
exposure  to  light. 

Cermirsdal  EJUiency. — Pitzman,  1913,  claims  that  their  germicidal  actiond- 
entirely  on  their  uncombined  silver,  and  is  therefor  inseparable  from  irritation 
hoefT.  1Q06.  chiims  that  the  germicidal  properties  of  argj'rol  and  protargol  arc  compicL^" 
destroyed  by  serum.    Others  attribute  tlic  eflfects  purely  to  tne  physical  (demukrnti 
characters. 

Dakin  and  Dunham  found  that  a  5  per  cent,  solution  of  argyrol  in  a  blood-scmtn 
and  miiwie  extract  mixture  infected  with  staph,  aur.,  required  more  than  6  hour?  for 
complete  sterilization.     This  would  be  practically  useless. 

On  the  other  hand.  Young  et  al.  igig,  state  that  10  per  cent,  argyrol  kills  B.  c»Ii 
and  aureus  \vithin  5  minutes;  and  that  i  per  cent,  protargol  also  lulls  coli  within  j 
minutes,  but  aureus  not  in  an  hour. 

Gonococci  are  apjKirently  much  more  sensitive,  for  Culver,  1918,  reports  h>Tlroc«lr« 
broth  cultures  killed  by  momentary  exposure  to  ,^2  per  cent,  argyrol  or  ,^i  percent 
protargol. 

(Early  Preventive)  Treatment  of  Venereal  Diseases. — The  ordinary  routine  cod 
sists  in  uiLshing  the  parts  thoroughly  with  soap  and  water;  followed  by  the  uretJinl 
injection  of  2  per  cent,  protargin-stxong  solution  which  is  held  in  the  urethra  for  5  min- 
utes.     The  glans  is  then  inuncted  with  ;^o  per  cent,  calomel  ointment  for  5  minutcs- 

The  cfhcicncy  is  high  if  the  treatment  is  applied  thoroughly  within  an  hour  afttf 
exposure,  and  b  fair  up  to  Lliree  hours.  It  i&  practically  useless  after  five  hours  t€t 
Young,  1019)- 

Freshly  precipitated  silver  iodid  was  recommended  by  Sitcr  and  Vhlt,  T005;  but  l»» 
not  come  into  general  use.  Thum,  1915,  gives  a  formula  for  coaccntrated  solutioDdf 
silver  iodid.     Colloid  silver  was  discussed  under  ''Colloid  Metals." 

Toxic  Actions. — ^Silver  nitrate  to  o.oi  or  o.i  Gm.  by  mouih  produces 
no  symptoms.  Swallowing  pieces  of  the  pencils  up  to  2V>  Gm.,  is  ib" 
often  harmless.  Larger  quantities  cause  acute  gastritis.  The  fatal  dos« 
would  be  above  10  Gm.  (Lewin);  even  30  Gm.  have  been  survived.  JJ^ 
treatment  would  be  by  sodium  chlorid  and  demulcents. 


PREPAHATIONS — SILVER 

'Argenti  Xiiras  (Arg.\it.),U.S.P.;  Argent.  Nil..  B.P.;  Silver  Mitrate  (Lunar 
AgNOs- — Colorless  crystalline  tables,  becoming  gray  to  bluck  nn  exposure  to 
the  presence  of  organic  matter.  Odorless;  metallic  taste.  Very  sol.  in  water  (i*<u)* 
sol.  m  ale.  (1:30).  ItuompatihU  with  chlorids,  bromids,  iodids;  carbonates  and  hj^iv- 
ids;  organic  drugs  and  reducing  agents.  Dose^  10  mg.,  H  gr.,  U,s.P.;  16  10  jo  ■*■ 
H  to  3^  KT-t  B.P.  Maximum  dose,  30  mg.,  ]^  gr. 

Argcnti  Niiras  Fusus  (Arg.  Nit.  Fus).,  U.S.P;  Afoulded Silver  NitraU  (StidcC^l 
— AgNO],  fused  and  moulded  into  pencils.  A  small  quantity  of  AgCl  is  M 
toughen  the  mass. 

*Arictiti  Xitras  Induralus  (Argent.  N'it.  Indur.),  B.P.;  Toughened  Ca*u«iV.— Cboniff 
5  per  cent,  of  KN'Oa. 

Argenli  Nitras  MUif^alus  (Argent.  Nit.  Mitig.).  B.P.;  i/i7iia/«f  Cowrfic— Coat»(»j 
I  part  AgNO;  and  2  parts  KNO|. 
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Argenii  Oxidum,  Arg.  Oxid.,  U.S. P.;  AgsO.— Heavy,  dark,  brownish-black  powder; 
odorless;  metallic  taste.     Very  slightly  sol.  in  water.     Dose,  0.06  Gra.,  i  gr.,  U.S.P. 

*Arg€ntum  ColloidaU,  Colloidal  Silver  (CoUargol,  etc.).— Colloidal  silver  and  silver 
odd,  with  sufficient  protein  to  stabilize  tl)c  solution.  Commercial  brands  contain 
various  amount  of  silver,  up  to  78  per  cent  (Collargol).  Occurs  as  black  scales,  easily 
soluble  in  water.  Not  precipitated  by  chlorids;  non-astringent.  Used  mainly  for  intra- 
venous injection.  In  case  of  coUar^ol,  the  intravenous  dosage  is  10  to  20  c.c.  of  2  per 
cent.  As  it  contains  cgg-albumcn.  it  should  not  be  employed  with  patients  having 
idios>'ncra5ies  toward  this  protein. 

* Protargiv  Mitf,  N.N.R.;  Mild  Protargin  (.\rg>rol,  etc.). — Colloidal  reduction  prod- 
ucts of  silver,  stabilized  by  protein;  cnlirely  non-irritant  and  non -astringent:  20  to  25 
per  cent,  of  silver.  The  commercial  brands  difler  as  to  protein  base,  and  probably  afso 
in  the  proportion  of  the  various  silver  reduction  products;  but  these  differences  appear 
to  be  tncrapcutically  unimportant.  They  occur  generally  as  black  scales,  readilv  soluble 
in  water;  not  precipitated  oy  chlorids.     Applied  as  10  to  40  per  cent,  solutions  m  water, 

*  Protargin  Fortius,  \..\.R.;  Strong  Protargin  (Protargol,  etc  ). — Colloidal  reduction 
products,  probably  largely  silver-  proteinate;  slightly  but  distinctly  irritant;  7  to  8.5 
per  cent,  of  silver.  Commercial  brands  differ  in  details  of  com{wsition,  but  are  prac- 
tically equivalent  therapeutically  Occur  usually  as  brown  powders,  slowly  soluble  in 
water;  not  precipitated  by  chlorids.  Applied  as  o.i  to  10  per  cert.  st>lutions.  Solutions 
ftre  best  made  by  sprinkling  the  powder  on  cold  water,  without  stirring. 
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GOLD  AND  PLATINUM 


Gold  and  Platinum  arc  still  more  easily  reduced  to  the  metallic  state  than  is  silver, 
and  are  therefore  devoid  of  general  action  when  taken  bv  the  mouth.  When  injected 
into  the  circulation  they  produce  an  arsenic  action,  (dold,  Schultz,  iSgz;  Platinum, 
tvcblcr,  187H;  Cohnstein,  iHgil. 

Gold  cyanid  was  ad\'ised  against  tuberculosis  and  scrofula  by  Chrcsticn  1853. 
It  fell  into  disuse,  but  has  again  been  resuscitated,  with  doubtful  justification.  Bruck 
and  Glucck,  igi.i,  claim  successful  results  from  intravenous  injection  of  gold-potassic 
cyaJiid  (especially  when  combined  with  tuberculin!)  in  lupus;  also  in  s)^)!^!!]?,  though 
inferior  to  salvarsan.     Hauck,  IQ13,  however,  reports  a  fatal  result. 

DeWitt,  1918,  found  gold  salts  unsuccessful  in  experimental  tuberculosis  of  guinea 
pigs.  Indeed,  they  tended  to  shorten  life,  through  hemorrhage  and  hyperemia. 
Further  references  in  Merck's  Report,  Vol.  XXVII. 

PREPARATIONS — GOLD 

Auri  ct  Sodii  Ckloruium  (Aur.  et  Sod.  ChlorJ.  U.S.P. ;  Gold  and  Sodium  Chlorid.— 
A  mixture  uf  equal  parts  of  anhydrous  gold  chlorid  (AuCljl  and  anhydrous  sodiunf 
chlorid.  Orange-yellow  powder,  odorless,  saline  and  metallic  taste;  deliquescent.  Very 
sol.  in  water.     Dost,  5  mg.  H2  gi"-.  U.S.P. 


TIN 

Lctions. — This  metal  is  absorbed  in  part  even  from  noD-<:oiTOsive  preparations. 
However,  poisoning  is  rare,  tlie  metal  not  passing  very  easily  into  soluble  form,  and  hav- 
ing no  pronounced  tendency  to  cumulative  action.  The  symptoms  on  injection  de- 
volve to  some  extent  on  the  central  ner\'ous  systems,  as  stimulation  and  subsecjuent 
paralysis.  The  arsenic  action  and  paresis  of  the  heart  are  al^  pruminent.  With  more 
chronic  poisoning  the  gastroenteritis  is  most  marked,  but  there  is  also  an  ataxia  and 
motor  paralysis,  resembling  chronic  lead -poisoning  f\\'hite,  1S80). 

Salzer,  tQi8,  reports  chronic  poisoning  resulting  from  a  dental  plate  of  *' Watt's 
metAl."     There  were  nervous  s>'mptoms  and  ancmio. 

Absorption  and  Fate. — When  soluble  salts  of  tin  are  fed,  a  small  quantity  is  absorbed 
and  accumulates  in  the  tissues,  traces  appearing  also  in  the  urinc-  When  soluble  salts 
arc  injected  h>podermically  elimination  occurs  slowly,  mainly  by  the  alimentary  tract, 
hut  somfwhat  oy  the  urine,  producing  marked  injury  of  the  kidneys.  Considerable 
quantities  are  retained:  so  to  2$  per  cent,  in  the  skin,  5  per  cent,  in  the  liver  (Salant  and 
co-workers,  1914). 
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COPPER 

General  Statement — Cupric  sulphate  irritates  the  nerve  endings  in 
the  stomach  which  give  rise  to  the  vomiting  reflex,  and  thus  has  a  rather 
specific  emetic  action.  It  is  also  used  on  mucous  membranes  as  an  astrin- 
gent and  caustic.  It  has  a  relatively  high  toxicity  for  fungi,  protozoa  and 
alg£e,  and  has  been  employed  for  the  purification  of  water,  etc.  It  is  not 
a  reliable  bactericide.  Its  absorption  is  limited  and  its  toxidtyeto  animals 
is  therefore  low.  Its  use  for  brightening  the  green  color  of  vegetables  is 
innocuous  under  proper  conditions,  but  imder  others  it  may  be  somewhat 
harmful. 

Emetic  Action. — Copper  sulphate  is  effective  and  prompt,  with  short 
nausea.  However,  it  is  irritating;  and  should  it  not  be  effective,  there  is 
some  danger  of  poisoning,  and  it  must  be  removed  by  lavage.  It  is 
therefore  not  recommended,  except  in  phosphorus  poisoning,  in  which  it 
oxidizes  the  phosphorus  and  coats  the  globules  with  a  layer  of  metallic 
copper.  The  emetic  dose  is  0.5  Gm.,  8  gr.  in  a  single  dose;  or  three  doses 
(if  necessary)  of  0.25  Gm.,  4  gr.  each,  fifteen  minutes  apart.  It  should  be 
dissolved  in  a  glass  of  water. 

Astringent  and  Caustic  Action. — Solid  copp>er  sulphate  is  used  as  a 
mild  escharotic  against  granulations  and  trachoma.  The  everted  lid 
shoidd  be  Hghtly  touched  with  the  copper  crystal  or  pencil,  and  then 
rinsed  with  water.  The  pencils  are  made  by  fusing  i  part  of  potassium 
alum  with  2  parts  of  copper  sulphate.  Solutions  of  o.i  to  3  per  cent,  may 
be  employed  as  stimulant  astringents  in  conjunctivitis,  urethritis  and 
vaginitis,  but  have  no  particular  advantage  over  silver.  Copper  sulphate 
would  probably  be  eflFective  against  aphthous  stomatitis  and  other  fung- 
ous diseases.    It  has  been  used  internally  against  chronic  diarrhea,  xo  mg., 

Antiseptic  Action  and  Use  in  Water  Purification. — Copper  is  ma&edly  genniodal 
for  fungi  and  algae,  and  fairly  effective  against  bacteria  of  the  coU  group.  It  may  be 
used  to  purify  water  from  algoid  contamination.  The  traces  of  copper  remftinisg  is 
the  water  are  probably  harmless.  Its  use  against  typhoid  contamination  seems  to  be 
unreliable  (Clarke  and  Gage,  1906).  Thomas,  1915,  describes  its  use  for  the  disinfec- 
tion of  swimming  pools. 
•     The  mechanism  of  the  action  of  copper  on  lower  plants  is  discussed  by  Spiio,  ip^S- 

Copper-Alanin. — Shaw- Mackenzie,  1916,  claims  that  this  isnot-precipitaDt,uKl^ 
very  low  toxicity  to  higher  animals,  but  that  it  kills  protozoa  in  dilutions  of  1:100,000. 

Copper  Salts  of  Amino-acids. — H.  C.  Huber,  iqiS,  reports  that  these  act  loaDy 
and  systemically  almost  quantitatively  like  copper  sulphate. 

Toxic  Actions. — ^Large  doses  of  soluble  copper  salts  produce  mainly 
gastroenteritis,  and  characteristic  lesions  of  the  spleen,  kidneys  and  other 
organs.    The  toxicity  is  low.    The  absorption  is  very  limited. 

Even  on  continued  use,  quantities  of  the  copper  sulphate  up  to  0.5  Gm.  per  diy 
have  been  shown  to  be  devoid  of  bad  efifects  (Du  Moulin).  It  is  true  tnat  these  wtrt 
not  continued  indefinitely. 

Absorption  from  Skin. — C.  L.  Vogt  and  Burcfchardt  report  that  copper  okttc  is 
absorbable. 

Use  of  Copper  in  Foods. — Copper  is  sometimes  used  to  give  a  bright  green  color  to 
preserved  vegetables,  especially  peas  and  beans.  These  contain  25  to  lao  mg.  pef 
kilogram.  The  copper  enters  into  a  very  firm  compound  with  the  cmorophyll.  Owef 
vegetables,  which  are  not  so  rich  in  chlorophyll,  contain  it  in  much  looser  combimtioBS 
with  proteins.  The  chlorophyll  compound  produces  no  effects  of  any  kind,  even  wb« 
continued  for  long  periods  in  quantities  corresponding  to  12  to  15  mg.  Cu  ^  ^1' 
the  maximum  amount  which  would  be  taken  in  food.  However,  the  same  qiumtitJe*. 
when  more  loosely  combined,  produce  some  digestive  and  metabolic  disturbanct*. 
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te  use  of  copper  with  young  green  vegetables  would  therefore  be  harmless;  but  with 
older  vegetables  it  could  become  harmful,  and  its  use  would  better  be  prohibited 
(J.  H.  Long,  igi2). 

OccuiTCQce  of  Copper  in  Tissues. — Copper  is  not  usually  present  in  mammalian 
tissues;  but  after  its  atiministnilion,  it  occurs  in  the  liver  mainly  as  cupric  nucleinates, 
and  in  the  blood  and  bile.  Traces  are  also  retained  in  the  Icidnc)*?,  spleen  and  lunffs; 
none  in  tubercular  Kiuph  glands  or  pus.  Colloid  copper,  injected  intravenoualy, 
shows  a  similar  distributiun  (Corper,  1914). 

It  is  found  naturally  in  organic  combination  in  the  liver  and  other  organs  of  cephii- 
lopods  (octopus),  snails  and  mussels;  and  as  a  blue  blood  pigment,  hemocyanin,  in  niol- 
lusks  and  crustaceans.  This  is  somewhat  analogous  to  hemoglobin  and  contains  abcmt 
38  per  cent,  of  Cu  in  masked  form  (Hcnzc,  I90i>.  Copper  is  also  a  constituent  of  the 
feather  pigment>  of  certain  birds. 

Systemic  Actions. —  Direct  contact  with  copper  salts  depresses  skeletal  and  cardiac 
muscle.     Intravenous  injections  therefore  lower  blood  pressure. 

The  effect  of  coUoid  capper  on  tumors  was  discussed  in  the  general  article  on 
"Metals." 

Bibliography. — An  extensive  Ust  is  given  by  Huber,  1918. 
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*Cupfi  Sulpfuis  CCupr.  Sulph.),  U.S.P.,  B.P.;  Copper  Sulphate  (Cupric  Sulphate, 
Blue  Vitriol.  Bluestone);  CuSO<  +  cHfO. — Large,  deep  blue  crystal5;odorless;  metallic 
taste.  Freely  sol.  in  water  (1:2.5;;  slightly  sol  in  ale.  (1:500);  freely  sol.  in  glyc. 
(1:2.8).  Incompaiibie  with  fixed  alkahcs  and  carbonates;  iodids;  tannins;  lead  salts. 
Dose^  Emetic,  0.35  Gm.,  4  gr..  U.S.P.;  o..^  lo  0.6  Gm.,  5  to  10  gr.,  B.P.;  as  Astringent, 
0.016  to  0.1  a  Gm.,  H  to  3  gr.,  B.P.,  diluted.     Maximum  dose,  i  Gm.,  15  gr. 


H  ZINC 

■  General  Statement — The  actions  of  the  soluble  zinc  salts  resemble 
those  of  copper,  but  are  milder.  Zinc  sulphate  is  employed  as  emetic, 
and  locally  as  astringent  and  antiseptic.  Other  soluble  zinc  salts  are  also 
used  locally.  The  acetate  is  milder;  the  chlorid  is  escharotic.  The  in- 
soluble zinc  oxid  and  stearale  are  used  externally  as  protectives,  similarly 
to  bismuth.     There  are  no  systemic  effects  under  therajieutic  conditions. 

Zinc  Sulphate  as  Emetic. — This  arts  like  copper,  and  is  generally  pre- 
ferred, being  nearly  as  efficient  and  less  irritating.  The  short  nausea, 
slight  depression  and  absence  of  harmful  irritation  makes  it  particularly 
stxitable  in  gastric  disturbance  from  overeating,  etc.  i  to  2  Gm.,  15  to  30 
gr.  may  be  given  in  a  glass  of  water. 

Astringent  and  Antiseptic  Action, — Zinc  sulphate  or  acetate  is  used  in 
conjunctivitis,  particularly  that  caused  by  the  Morax-Axenfeld  bacillus; 
and  in  chronic  gonorrheal  urethritis  and  other  catarrhal  conditions.  The 
strength  of  solution  for  collyria  is  o.i  to  i  per  cent.;  for  urethral  injections, 
0.5  to  4  per  cent.     Thi:  |>henolsulph()nale  has  no  advantage. 

Zinc  Chlorid  as  Escharotic. — This  is  used  as  the  Liq.  Zinci  Chlor.  on 
granulations,  ulcers,  etc. 

Zinc  Chlorid  as  Disinfectant. — This  has  been  extensively  exploited  and  overesti- 
mated in  proprietary  preparations.  MacClintic,  1905,  finds  i :  joo  to  1:500  a  verv 
poor  germicide  and  feeble  antiseptic,  though  a  fair  deodorant. 

Insoluble  Zinc  Compounds. — Zinc  oxid  is  mildly  antiseptic  and  as- 
tringent. It  is  extensively  used  as  a  local  sedative  application  in  inflam- 
mator\'  skin  diseases  and  superficial  wounds.  It  may  be  applied  dryoras 
an  ointment,  alone  or  mi.\ed  with  boric  acid,  bismuth  subnitrate,  starch 
or  phenol.  Zinc  stearate  is  perhaps  somewhat  smoother  as  a  dusting 
powder,  but  has  no  other  advantage. 
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Zinc  in  Food. — Birckncr.  igio  found  that  traces  of  zinc  arc  common  in  many  U 
inrludine  milk  Ubout  4  mg.  per  quart)  and  eggs  (1  mg.  per  hen-egg).     Zinc  is  aLm< 
invariably  present  in  oysters  from  the  Atlantic  ocean.    It  is  probably  ahva>'s  assodai 
with  cupper,  but  the  two  mcLals  do  not  occur  in  uniform  ratio  (Uiltncrand  Wi<* 
iQig). 

Systemic  Action. — The  effects  of  intravenous  injection  arc  mainly  paralytic 
brain  is  affected  first — i.e..  consciousness  is  lost — but  the  motor  areas  arc  not  involvcd^^ 
The  blood  pressure  falls  rapidly,  hut  this  is  mainly  due  to  the  cardiac  depression      The 
skeletal  muscles  arc  but  little  affected.     Zinc  salts  are  not  sufficiently  absorbed  to  pro- 
duce s>'stemic  eGecH  on  oral  administration.    Zinc  oxid  has  been  U5cd  us  a  neiront^ 
sedative,  in  epilepsy,  etc.,  but  is  pn^habh'  useless.  jH 

The  movements  of  excisrd  intestitt&s  arc  depressed  by  very  dilute  solutions;  aboUshcrf" 
by  medium  concentrations  (Salant  and  Mitchell,  tgi6). 

Urine. ^Rabbits  develop  glycosuria  and  generally  albuminuria  after  intravcoous 
injection  of  zinc  malate.  also  after  larger  do8cs  h>'podermicaUy  or  by  mouth.  The 
quantity  of  urine  is  either  diminished  or  unchanged;  rarely  increased.  Rabbits  fed  on 
carrots  arc  more  resistant  (Salant  and  Wise,  igiS). 

Industrial  Poisoning. — *'  Brass  founders  ague"  is  produced  by  the  inhalation  of  tb* 
finely  divided  zinc  oxid  formed  in  the  combustion  of  the  metal — even  of  pure  ztat 
(Lehmann,  iqio).  It  Ims  not  been  obscr\'cd  in  animals,  but  only  in  man.  After  expo* 
ure  of  several  minutes  or  hours — depending  on  the  susccptibiHty  and  ventilation — then 
is  slight  irritation  of  the  throat;  but  the  main  s>Tnptoms  occur  later,  often  after  the 
patient  has  been  in  the  air  for  some  hours.  The  attack  resembles  a  malarial  chUL 
which  may  last  some  hours,  with  ordinary  febrile  sjTnptoms — la.ssitude,  headache^ 
nausea,  muscle  cramps  and  joint  pains,  constricting  sensation  over  lungs,  etc.  Thi 
attack  ends  in  perspiration  and  mpid  recovery  (W.  G.  Thompson, lois;  Hayhursl,  igi^ 
Pfender,  1Q14).  I.ebmann  attriliutes  the  symptoms  to  the  absorption  of  the  remains  c 
the  respiratory  cells  that  were  destroyed  by  the  zinc.  The  hypooermic  injection  of  rinC 
salts  also  produces  fever  (Kisokalt,  191 2);  but  so  do  most  irritants. 

Repeated  ex^rasure  to  zinc  fumes  may  result  in  chronic  lesions  of  the  rcspixatory. 
digestive,  excretory  and  nervous  systems  (Hayhurst,  1913). 

PREPARATIONS — SOLUBLE  ZINC  SALTS 

*ZinciAcetas  (2nc.  Acet.).  U.S.P.,  B.P.;  Zn(C.H,0,).  4-  HiC— Soft,  white  pbtes; 
faintly  acetous  odor;  astringent,  metallic  taste.  Freely  sol.  in  water  (i  ;j.j),  *oI.  in 
ale.     (1:30).     Dosf,  0.125  Gm..  2  gr.,  U.S.P.00.60  to  0.12  Gm.,  i  to  2  gr..  B.P. 

Zim  Chior.,  U.S.P..  B.P.;  ZnCTj.— Wliile  granular  powder  or  porcelain-like  masse* 
or  in  pencils;  odorless;  highly  caustic.  Ver>'  sol.  in  water  (1:0.25);  freely  sol.  in  »k* 
(1:1.3)  orglyc. 

*Liq,  Zinc,  Chlor.,  U.S.P.,  B.P. — An  aad  solution,  containing  about  50  per  cent,  of 
ZnCli. 

Zinci  PhcHolsiilphotuis  (Zinc.  Phenolsulph.),  U.S.P.  (Zinc  Sulphocarboaatc); 
Zn(C<HftO«S)i  +  8HxO.— Colorless,  transparent  prisms,  or  tabular  cr>'stals  or  in  p*^ 
ular  form;  odorless;  astringent  metallic  Laste.  Freely  sol.  in  water  (i  :i.6).  ^^> 
0.125  Gm.,  2  gr.,  U.S.P,    Locally,  similar  to  Zinc.  Sulph. 

*Zinci  Sulphas  (Zinc.  Sulphur),  U.S.P.,  B.P.;  Zinc  Sulphate  (White  Vitriol);  ZaSO* 
-J-  7HaO. — Small  colorIes.s  crystals  otlorless  metallic  laste.  Very  sol.  in  water  (1:0.6); 
practically  insol.  in  ale.  Incompctiblt  with  alkalies,  carbonates,  sodium  borate,  tanniai 
lead  salts.  Dosr,  as  Emetic,  1  Gm.,  15  gr,  U.S.P.;  0.6  to  2  Gm..  10  to  30  gr.,  BJ"-. 
diluted;  as  Astringent,  0.06  to  0.2  Gm.,  1  to  3  gr.,  B.P.  Maximum  dose,  2  Ga..  jc 
gr. 

Zinci  VaUras  (Zinc.  Valcr.),  U.S.P.,  Zinci  Valrrinnas,  B.P.  (Zinc  Valetiwutt): 
Zn(C»HtOa)>  +  2H3O. — White,  pearly  scales,  or  white  powder;  odor  of  valeric  Aod; 
sweetish,  astringent,  and  metallic  taste.  Dose,  0.125  Gm.,  2  gr,,  U.S.P.;  ao6  to  ft.3 
Cm.,  I  to  3  gr.,  B.P. 


PREPARATIONS — INSOLUBLE  ZINC  COMPOUNDS 

Z*wi  Carbonas  Prtrcipilatin  (Zinc.  Carb.  Pnec.),  U.S.P.;  Zinc.  Carb.,  B. P.— Basic 
^nc  Carbonate  is  a  compound  of  somewhat  variable  chemical  composition,  corrc^wM* 
ing  to  not  less  than  68  per  cent,  of  ZnO,  U.S.P.  Impalpable,  wnile  powder  without 
odor  or  taste.    Insol.  in  water  or  in  olc. 

•2im:i  Oxidunt  (Zinc.  Oxid),  U.S.P.,  B.P.;  ZnO.— Very  fine  amorphous,  wlule  or 
yellowish-while  powder,  without  odor  or  taste.  Practically  insol.  in  water  «f  ik* 
Im&mpaiibU  witn  acids.     Dosc^  0.2  to  0.6  Gm., .)  to  10  gr.,  B.P. 
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*Unguenium  Zinci  Oxidum  {Ung.  Zinc.  Ox.),  U.S.P.  (Zinc  Ointment).— io  per  cent.* 
in  Benz.  Lard. 

^Ung.  Zinc,,  B.P. — 1^  per  cent,  of  ZnO  tn  Benz.  Lard. 

La^sar's  PasU^  white  ts  used  in  eczema,  contains  Zinc.  Ox.  1  part,  Starch,  z  part, 
Peirolal.,  2  parts. 

Zinci  Stearas  (Zinc.  Stear.),  U.S. P.,  Zinci  OleosUaras  (Zinc.  Oleost.),  B.P. — A  sine 

Lsoap.     White  amorphous,  insoluble,  bulky  powder. 
Un]^.  Zinc.  Oieat,,  B.P. — A  zinc  soap,  incorporated  with  white  soft  petrolatum. 
r  CADMIUM 

This  resembles  zinc  closely. 

The  chtorid  h  a  powerful  emetic  (15  to  35  mg.  per  cat).  It  produces  nephritis. 
Hypodermic  injections  arc  followed  b>  local  necrosis.  Intravenously,  it  kills  by  arrest 
of  respiration.  Small  doses  diminish  the  appetite  and  ^owth  of  rats.  The  action 
does  not  appear  to  be  cumulative  (Alsbcrg  and  Schwartze). 


NICKEL  AND  COBALT 

These  metals  are  only  absorbed  when  given  in  strongest  solutions.  The  local  action 
is  that  of  metals  in  geneml,  with  nothing  particularly  characteristic.  Nickel  salts  have 
been  used  as  emetics,  but  are  not  to  be  recommended.  Nickel  cookint;  vessels  (five  up  a 
barmle!>!»  trace  of  the  metal  to  the  food  (Dzerzgowski  and  SchumoS-Sieber,  190&  and 
igoS;  Lehmann,  190Q). 

Nickel-platers  are  subject  to  eczema  (see  J.A.M.A.  73:782,  iQig). 

When  injected  intravenously  or  h> poderraicaily,  these  metals  affect  the  central 
nervous  s>'Stcm  directly,  in  addition  to  tne  usual  metal  action  on  capillaries,  heart,  and 
kidney's.  There  are  tremors,  chorea,  and  convulsions,  followed  by  paresis.  In  frogs 
the  medulla  is  stimulated  before  the  spinal  cord  (A.  Stuart,  1884).  Some  habituation 
occurs. 

The  urine  is  increased,  and  always  contains  sugar,  often  proteins.  Cobalt  salts  act 
ts  antidotes  to  HCN  poisonini?.  through  the  formation  of  cobalt-cyanids.  To  be 
effective  they  must  be  introduced  subculaneously  in  doses  which  are  not  devoid  of 
danger.     They  are  therefore  not  to  be  used  in  m.m. 

With  excised  inUstinr,  dilute  solutions  of  nickel  salts  produce  primary  depression, 
which  may  be  followed  by  stimulation.  Higher  concentrations  abolish  the  movements. 
Nickel  is  much  less  toxic  thun  zinc  (Salant  and  Mitchell,  1916). 

Nickel  Carbonyl.— This  gas—  Nii  COj  i— i.s  formed  by  passing  CO  over  finely  divided 
nickel,  as  in  the  Mond  process  of  obtaining  pure  nickel.  It  decomposes  at  i50**C.  into 
CO  and  metallic  nickel.  The  toxic  effects  are  probably  due  to  the  deposition  of  the 
melAl  in  the  respiratory  tract,  for  the  carbonyl  is  not  absorbed  as  such.  The  phenomena 
foiloNvlng  its  inhalation  lire  very  serious.  There  is  transient  malaise,  with  quick 
recovery  in  fresh  air;  but  after  twelve  to  thirty-six  hours  the  patient  becomes  djTspncic, 

3>*anotiCf  febrile,  and  delirious,  with  a  blood -stidncd   cough.     Death  occurs  in  four  to 
even  days,  with  hemorrhages  (due  to  fatty  degeneration  of  the  vessel  wallsj  in  the 
lungs  and  brain,  and  pulmonary  edema  (Mond,  Langer  and  Quincke,  1890;  Armit,  1907, 

MERCURY 

General  Statement. — Mercury,  particularly  in  the  mercuric  salts,  has 
a  strongly  toxic  action  on  all  protoplasm.  In  virtue  of  this  action  mercu- 
rial compounds  are  active  germicides;  But  their  usefulness  is  limited  by 
precipitation,  irritation  and  general  toxic  effects.  Even  the  insoluble 
mercury  compounds  are  rapidly  absorbed,  distributed  through  all  the 
tissues^  and  excreted  by  all  channels,  but  mainly  by  the  urine  and  feces. 
Traces  remain  in  the  body  for  many  months.  Acute  poisoning  presents 
chiefly  the  phenomena  of  local  corrosion.  The  characterifetic  features  of 
systemic  poisoning  are  stomatitis,  dysentery,  and  nephritis.  In  chronic 
>ning,  nervotis  symptoms,  and  cachexia  appear. 
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Mercury  kills  the  parasites  of  syphilis,  and  therefore  may  have  a  cura- 
tive effect  when  properly  used.  Calomel  is  relatively  insoluble  and  mild, 
so  that  it  may  be  employed  as  a  cathartic  and  diuretic. 

Antiseptic  Actions. — Mercuric  chlorid  is  one  of  the  most  effective  of 
the  mercurial  germicides,  since  it  dissociates  readily  and  therefore  gives 
the  maximtrm  concentration  of  mercuric  ions,  which  produce  the  anti- 
septic effect.  In  pure  cultures  it  inhibits  the  growth  of  most  micro- 
organisms in  dilutions  of  i :  30,000  to  i :  20,000;  it  is  germicidal  in  1:2,000 
to  1:1,000.    Spores  and  tubercle  bacilli  are  more  resistant. 

Application. — Corrosive  sublimate  is  used  outside  of  the  body,  on  hands, 
etc.,  in  concentrations  of  1:1,000.  On  exposed  tissues,  as  1:5,000  to 
1:2,000. 

In  wounds y  however,  mercuric  salts  are  not  so  useful;  their  activity 
is  greatly  lessened  by  the  proteins;  and  they  cause  much  irritation  and 
toxic  effects.  These  last  are  particularly  to  be  feared  when  large  serous 
cavities  are  irrigated. 

Mercury  compounds  produce  rapid  corrosion  of  metallic  instruments 
and  a  more  gradual  destruction  of  rubber. 

To  hasten  the  solution,  to  prevent  precipitation  in  the  water  and  to 
lessen  the  irritation  it  is  customary  to  add  some  sodium_j)r  anmnffiiugi 
chlorid,  as  is  done  in  the  commercial  bichlorid  tablets^  Th^  f ormdouEIe 
salts  which  are  less  dissociated  and  therefore  somewhat  less  active  .(Sal^ 
batani,  1906).     Hydrochloric,  tartaric  and  citric  adds  have  similar  effects. 

Mercury  compounds  are  used  in  various  skin  diseases,  especially  those 
of  parasitic  origin.  The  bichlorid  in^t^riaasandSj^ooas;  Blue-Oiot- 
ment  against  Pediculi;  Whlte^^clplfate  a^miTliSpetigo ;  etc. 

Potassium-Mercunc  T6did.^^TE^s  at  least  an  equally  eflSdent  anti- 
septic, and  has  the  advantage  of  being  much  less  predpitant  or  irritant. 
It  may  be  used  on  catarrhal  mucous  membranes,  boils,  etc,  in  i  per 
cent,  solution  (Macfarlan,  1914). 

Constitution  and  Actions  of  Mercury  Compounds. — This  has  been  compared  by 
Tuwtsungming,  1919.  He  found  that  the  local  action  is  strongest  with  morganic 
mercuric  compounds.  The  systemic  toxicity  is  highest  for  inorganic  mercuric  salts;  then 
came  the  organic  compounds;  inorganic  mercurous  salts  being  the  weakest. 

Mercurophen  (Sodium  oxymercury-orthonitrophenolate). — This  was  introdaced  by 

ONa 
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HgOH 

Schamberg  et  al.,  1917,  1919  as  a  highly  promising  germicide.  It  was  found  at  fcsit 
as  effective  as  mercuric  cbJorid,  and  at  the  same  time  much  less  predpitant  and  corro- 
sive, and  also  less  toxic.     Further  reports  are  necessary. 

"Mercim>chrom  220" :  Chemistry. — This  compound  was  developed  by  Young  etaU 
1919.    It  b  dibrom-oxymercury  fluorescein. 

HgOH 
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It  contains  36  per  cent,  of  mercur>'.     This  is  non-ioni2«d,  so  that  it  does  not  dirctly  give 

the  mercury  tests,  and  does  not  readily  precipitate  protein.  It  is  therefore  practically 
non-irritant.  The  sodium  salt  is  freely  soluble.  The  free  acid  may  be  precipitated 
by  strongly  acid  urine  fpH  =?  3),  but  not  by  ordinary  acidity  (pH  =  6.5).  It  stains 
the  skin  red;  this  is  removable  by  3  per  cent,  permanganate,  followed  by  2  per  cent, 
oxalic  acid. 

Penetration. — The  color  of  the  substance  easily  shows  its  penetration.  With  urethral 
and  vesical  injection,  microscopic  sections  show  staining  of  the  epithelium,  must  intense 
in  the  superficial  layers,  but  extending  somewhat  into  the  submucous. 

Irritation. — In  the  urethra,  a  5  per  cent,  solution  causes  temponir>*  burning;  i  per 
cent,  produces  at  most  slight  smarting.  One  per  cent,  solutions  have  been  mjectcd 
into  the  human  bladder  and  renal  pelvis,  without  bad  effects.  Rabbits'  conjunctiva  is 
not  noticeably  irritated  by  i  per  cent. 

Bacttrifidiil  Efficieruy. —  Bacteria  in  urine-tuUureS;,  are  killed  more  promptly  than 
by  other  antLseptics  that  are  available  for  mucous  membranes;  a  concentration  of 
i:  1000  kills  in  one  minute;  t:  100  in  lo  to  jo  seconds. 

Toxicity. — This  is  relatively  low,  but  exMSsive  absorption  would  doubtless  produce 
nephritis,  as  with  all  other  mercurials. 

Clinical  E^iaicy. — Promising  results  arc  reported  in  old  and  refpictory  cystitiSj 
pyelitis,  gonorrhea  and  chancroids.  Further  experience  is  desirable.  It  is  applied  in 
concentrations  of  Ho  to  2  per  cent. 

Chloro-mercur^fluorescin. — Da\ns,  White  and  Rosen,  1919,  find  that  this  is  partly 
decomposed,  after  intravenous  injections;  but  that  nevertheless,  non-toxic  doses  render 
the  unne  antiseptic.  It  may  have  a  field  as  urinary  antiseptic,  if  it  does  not  injure  the 
kidne>'S.     !l  has  not  been  tried  adetjualtly. 

Tetrahydroxy -mercury  Phenol  Sulphonphthalein  on  Kidneys. — This  produces  in 
dogs  acute  and  chronic  nephritis,  resembling  the  human  ty^>es,  anatomically  and  in  the 
urine  and  blood  changes.    No  lesions  were  found  in  other  organs  (j.  E.  Burnsetal..  1919). 

Germicidal  Efficiency  of  Calom.el. — This  is  generally  considered  much  inferior  to 
mercuric  rhlorid;  hut  Schambcrg  and  Kolmcr,  1914,  contend  that  it  and  other  insoluble 
mercur>'  salts  are  equally  effective. 

Emigration  of  Leucocytes  from  Prog's  Mesenteiy. — This  fe  inhibited  by  the  injec- 
tion of  mercuric  chlorid  (Ikeda,  igib). 

Local  Irritation. — The  soluble  mercuric  salts  are  strongly  irritant. 
They  coagulate  protoplasm  and  thus  give  an  ashy  color  and  cooked  ap- 
pearance to  the  tissues,  which  are  slowly  corroded.  These  local  chanj^es 
are  especially  important  ia  acute  poisoning.  The  intact  skin  is  also 
irritated;  i  to_^  per  cent,  causes  vesication  and  corrosion;  and  sensitive 
skins  mayTiecome  inflamed  l)y  the  strengths  used  in  operations. 

Mercurials  in  Ophthalmology. — Mercury  preparations  are  used  in  a 
number  of  inflammatory  eye  diseases;  conjunctivitis,  blepharitis  and 
leratitis. 

Hydrargyri  Oxidum  Flavum  is  employed  most  extensively  as  a  Jrf  q  to 
3^4  per  cent,  ointment  (made  by  diluting  the  ofhcial  10  per  cent,  oint- 
ment— Pagenstechcr's  Salve).  Hydrargyrum  Ammonialt4tn  is  somewhat 
less  irritating  and  is  used  as  i  to  10  per  cent,  ointment. 

Calomel  is  also  used  as  a  dusting  powder,  but  especially  on  ulcers. 

Mercuric  Chlorid  is  antiseptic,  but  very  irritating  to  the  eye.  It  may 
be  used  as  1:5,000  to  i:2o,ocx>,  with  boric  acid.  Subconjunctival  injec- 
tions have  also  been  employed,  but  their  usefulness  is  doubtful  (de 
Schweinitz,  1893). 

\fcrcurials  and  lodid  on  Eye. — Mercury  compounds  should  not  be 
applied  to  the  eye  when  the  patient  is  using  iodids;  the  very  irritant  mer- 
c^c  iodid  is  formed  on  the  conjunctiva  and  causes  severe  injury.  lodin 
t^ompounds  that  do  not  ionize  readily  (iodtropin)  naturally  produce  but 
litlle  reaction  (Grumme-Fohrde,  1Q14).  Bromida  behave  like  iodids, 
'^ut  chlorids  are  harmless  (Schloms,  1913). 

Absorption,  Fate  and  Excretion. — Mercury  compounds  and  metallic 
■Mercury  are  absorbed  readily  from  all  surfaces,  even  from  the  intact  skin. 
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All  of  these  channels  are  used  therapeutically.  After  their  absorptioi 
the  mercury  disappears  rapidly  from  the  blood;  being  taken  up  parllj 
by  leucocytes,  and  deposited  in  various  organs,  especially  the  kidney 
liver.  Here  the  mercury  appears  to  be  fairly  firmly  bound,  formii 
"depots"  from  which  traces  of  the  metal  may  be  mobilized  for  six  montl 
or  longer  after  discontinuing  the  administration. 

The  excretion  occurs  mainly  by  the  urine  and  feces  (Wellander,  1886] 
These  take  a  variable,  but  on  the  whole  about  equal  share.  There  ai 
reasons  to  believe  that  the  urine  plays  the  main  part  in  the  excretion 
the  organic,  the  feces  of  the  inorganic  compounds  (Muller,  Schoeller  ai 
Schraut,  ign).  The  excretion  begins  in  a  few  hours,  and  after  a  singl 
dose  lasts  for  perhaps  eight  days;  after  long-continued  administraliot 
the  excretion  persists  intermittently  for  many  months. 

Form  of  Absorption. — The  compounds  undergo  complex  changes  in  the  coune  of 
absorption.     Mtlailk  mercury  is  readily  oxidized,  and  then  behaves  as  the  other 

Mcrcurk  saHs  fonn  soluble  organic  compounds  with  the  proteins,  NaCl,  and 
(Voil.  1857). 

Dhtribtiiion  in  the  Body. — The  proportion  of  mercury  lb  greatest  in  the  kidneys; 
in  descending  order,  come  the  liver,  spleen,  bile,  iiitesiinaj  wall  (UUmann,  iSgj;  .• 
ipiil.     Tuwtsungming,  191Q,  confirmed  this  distribution.     He  alivt  found  some  in 
heart,  and  a  little  in  the  brain.     The  concentration  in  the  brain  was  greatest  < 
mercuric  salts,  even  though  death  occurred  much  more  rapidly  than  with 
salts. 

Mercury  has  been  reported  in  the  cerebrospinal  tluid  (Conti  and  Zuicola,  1906); 
LaaareWf  iQi^t  found  it  absent  in  merctuial  treatment  and  poisoning.  If  mercn 
vapor  has  been  inhaled,  the  metal  may  be  found  in  the  lungs.  The  deposition  in 
liver  is  said  to  be  lessened  by  potassium  iodid  (Blumenthal  and  Oppenhcim.  zgii), 

It  is  sometimes  found  in  the  placenta  and  in  the  embryo,  but  probably  only  i 
very  large  dosea,  which  may  injure  the  vessels.     It  is  claimed,  however,  that  eongeni 
syphilis  may  he  treated  by  mercurial  inunction  of  the  mother  (Jung,  IQ14). 

The  distribution  of  mercury  in  acute  poisoning  is  discussed  by  Kahn.  Andrews 
Anderson,  191 5. 

In  a  case  of  death  occurring  8  days  after  taking  a  large  quantity  of  mercuric  chlorid, 
Rosenhloom  found  the  largest  amounts  in  the  liver  (40  mg.);  blood  (52  mg,);ftndm< 
(36  mg.).     The  kidneys  contained  only  6  mg. 

The  dLstribution  of  aromatic  mercury  compounds  is  described  by  Blumenthal 
Oppenhcim,  IQ14. 

Metallic  Mercury  Chhules  in  Tissues. — These  have  been  reported  in  necrotic  bone, 
and  in  the  tissue  of  an  aortic  aneurism,  presumably  after  inunction  treatment  (Kolner 
and  Mastin,  igiS). 

Minor  Channels  of  Excreiion. — Variable  traces  are  generally  found  in  the  bile,  »vea1 
(Tachau,  1911;  Lambert  and  Paterson,  1Q15),  gastric  (Lieb  and  Goodwin,  1915)  ud 
intestinal  juice  and  saUva  (literature  in  Almquist,  1912). 

RaiU  of  Excretion. — Buchtala,  1913,  found  tliat  the  excretion,  after  iDtramuscnlif 
injection  of  mcrcur>'  salicylate,  was  greatest  on  the  following  day.  With  intraveaoiB 
injection,  the  greatest  excretion  (often  half)  occurred  within  twenty-four  huurv 

Ramsey  and  Zieglcr,  1918,  observed  the  urinary  excretion  (on  children^  as  foDo«: 

After  a  single  inunction,  the  rale  of  excretion  was  usually  greatest  during  the  Srst 
day;  but  the  excretion  was  not  completed  for  some  time. 

With  daily  inunctions,  the  excretion  was  not  continuous,  but  periodic;  Urge  qsanth- 
tics  appearing  at  one  lime,  mere  traces  at  another. 

With  the  following  methods,  the  excreiion  continued  beyond  8  9r  9  days^  so  that  dtil? 
administration  would  lead  to  cumulation. 

Mercuric  salicylate  in  oil,  hN-podcrmic 

Mercuric  chlorid,  intramuscular. 

Calomel,  0.016  gm.  for  4  doses,  oral. 

Gray  Powder,  0.05  gm.  for  4  doses,  oral. 

Potassium  iodid,  diuretics  and  sweating  are  said  to  hasten  excretion;  but  there  is  fiClk 
evidence  for  this.  Buchtala,  found  that  the  iodid  rather  delayed  the  urinary  elimioatiofl 
of  mercury. 

Excretion  of  Metals  4n  Cow*s  Milk. — Lead  is  excreted  into  the  milk,  but  not 
antimony  or  zinc  (Koldcwijn,  19x0). 
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Varieties  of  Mercury  Poisooing. — These  may  be  classed  under  three 
forms: 

(a)  AcuUf  occurring  generally  from  the  abuse  of  mercuric  chlorid, 
chiefly  with  local  phenomena. 

(Jb)  Subacute^  especially  in  the  therapeutic  use  of  excessive  doses. 

{c)  Chronic. — This  may  also  occur  medicinally,  but  is  seen  especially 
in  industrial  poisoning  (workers  in  mercurVj  manufacturers  of  thermom- 
eters, mirrors,  electric  lamp  bulbs,  felt  hats,  etc.).  A  large  proportion  of 
those  exposed  to  mercury  are  affected,  because  the  adherence  of  the  metal 
to  the  skin,  and  the  inhalation  of  its  vapor,  makes  protection  difficult. 

Phenomena  of  Acute  Poisoning  with  Mercuric  Salts.— The  immediate 
effects  are  due  to  coagulation,  irritation  and  suj>erficial  corrosion,  to 
which  mucous  membranes  arc  highly  susceptible.  There  is  an  astringent 
metallic  taste,  salivation;  burning,  swelling  and  ashy  discoloration  of  the 
mouth  and  pharynx;  thirst;  abdominal  distress  and  pain,  at  first  epigas- 
tric, then  diffused;  vomiting  with  white  or  often  bloody  mucous  shreds; 
sometimes  edema  of  the  glottis. 

The  primary  symptoms  generally  yield  to  local  treatment,  including 
abstinence  of  food  for  thirty-sijc  hours;  and  the  patient  may  be  quite  com- 
fortable. Signs  of  mercurial  stomatitis  usually  develop  in  twenty-four 
hours,  but  are  not  especially  severe. 

Somewhat  later,  after  absorption,  the  large  intestines  and  kidneys  arc 
chiefly  involved.  Within  two  or  three  days,  the  urine  shows  albumin 
and  casts,  and  becomes  scanty.  Anuria  may  be  complete,  with  death 
within  a  week,  without  uremic  convulsions.  If  the  nephritis  is  not  ex- 
treme, a  membranous  colitis  develops,  with  dysentery  and  tenesmus, 
ulcerations  and  hemorrhages  and  hepatic  degenerations.  These  phe- 
nomena may  only  appear,  and  prove  fatal,  several  weeks  after  taking 
the  poison  (Lambert  and  Patterson,  191 5). 

The  circulation  is  affected  only  in  the  severest  cases,  with  a  fall  of 
blood  pressure,  probably  mainly  cardiac  (v.  Mering,  18S0),  perhaps  with 
some  vasomotor  involvement.  The  poisoning  then  ends  with  feeble  pulse, 
insensibility  of  the  skin,  coma  and  collapse. 

The  course  is  therefore  variable;  death  may  occur  in  a  few  hours,  but 
is  generally  postponed  for  several  days. 

In  case  of  recovery^  the  phenomena  of  subacute  poisoning  set  in:  neph- 
ritis, stomatitis  and  colitis,  as  described. 

If  the  poison  has  been  taken  otherwise  than  by  mouth,  the  symptoms, 
except  the  local  ones,  are  strictly  similar. 

Poslmortrtn  Changes.— The  mucous  membranes  are  of  an  ashy  color,  congested  and 
corroded.  The  kidneys  show  acute  nephritis,  often  with  calcification  of  the  epithelium. 
The  lesions  in  the  colon  are  indistinguishable  from  those  of  dysentery:  coagulation 
necrosis  with  hemorrhages  and  black  ulcerations.  In  experimental  poisoning,  degenera- 
tive changes  arc  found  in  the  kidneys,  much  less  in  the  liver  (Morel,  Alouriguund  and 
Policard,  1Q12). 

The  visiOiily  of  the  blood  (not  of  the  serum)  is  doubled  in  mercurial,  lead,  and  phos- 
phorus poisoning  (Farmachidis,  191 2).  A  ncutrophilc  hypo-kt*cocyUfsis  is  a  constant 
phenomenon  (Donzello,  IQ15). 

Toxic  Doses. —  These  may  be  stated  as  follows: 

Mercuric  chlorid,  for  children  0.18  to  0.6  Gm.;  for  adults  0.8  Gm.  Rcco\Tr>',  how- 
ever, has  occurred,  under  treatment,  after  a. 5  Gm.    Opium  is  said  to  lessen  the  toxicity. 

iiercuric  cyanid,  which  produces  the  same  phenomena,  has  cauwd  severe  poisoning 
with  Q.12  Gm.  and  death  with  o.fi  to  1.2  Gm.     A  case  is  described  by  Gettlcr,  iqi6. 

Caiomei. — Even  large  doses  ordinarily  produce  only  diarrhea;  excq)tionalIy,  more 
severe  and  even  fatal  cflecls  arc  recorded;  for  children  with  0.4  Gm.,  for  adults  with  2  to 
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iffetftUic  mercury,  which  was  (ormcrly  given  in  ileus  in  doses  of  xoo  to  500  Gm.» 
usually  passes  oflf  by  the  feces  with  vcrj''  little  effect;  sometimes  there  is  diarrhea  and 
stomatitis  and  exceptionally,  severe  and  even  fatal  poisoning. 

Relative  Toxicity  of  Dijeretit  Compounds. — This  is  under  dispute.     It  is  geni 
believed  that  the  toxicity  is  proportional  to  the  ionization,  and  therefore  greatest  wHtb 
chlorid,  succinimid,  etc.     The  aromatic  compounds  are  mucli  less  toxic  (Abelin,  igii 
With  mercurial  dyes,  the  toxicity,  and  the  efficiency  against  spirillosis,  are  not  pro[ 
tional  to  the  mcrcur\-  content  or  dissociation  (KlaRes  and  Schreibcr,  IQ14). 

Schamberg,  Kolmcr  and  Raiziss,  1Q15,  state  that  the  toxicity  tor  h>7>odcrmii 
intravenous  injection  depends  practically  on  the  mercury  content;  and  is  essentia 
alike  for  inorganic  and  the  diUerent  t>'pes  of  organic  compounds.     They  explain  tl 
by  the  case  with  which  ionized  mcrcur>*  is  lil>crate<l  from  these  compounds. 

Treatment  of  Acute  Mercuric  Poisoning. — This  is  fairly  success: 
when  started  whilst  the  mercury  salt  is  in  the  stomach.     After  the  poi> 
has  been  absorbed,  it  is  not  affected  by  antidotes;  and  the  treatment 
comes  essentially  palliative,  and  not  very  successful. 

Three  raw  e^gs  in  a  quart  of  milk  are  among  the  best  antidotes,  if 
patient  is  seen  early.     They  act  as  precipitants  and  demulcents. 

A  hypophosphile-pcroyid  mixture  is  almost  equally  convenient  ani 
perhaps  more  effective. 

Fantus,  igi6,  recommends  sodium  hypophosphiie,  i  Gm.;  water,  ii 
c.c.  and  hydrogen  peroxid.  5  c.c,  per  o.i  Gm.,  of  mercuric  chlorid.    T 
should  be  followed  by  lavage  with  the  diluted  reagent. 

Various  other  antidotes,  precipitanls  and  reducing  agents,  have 
proposed;  often  with  the  claim  that  they  would  render  the  mercttry 
less  even  after  its  absorption.     This  claim  is  certainly  incorrect, and 
not  clear  that  they  have  any  advantage  over  albumen.     They  wiD  be 
discussed  below. 
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Phosphite  and  Hypopkosphite  Reagents. — Sodium  phosphite  reduces  mercuric  chloi 
to  calomel.     Its  use  \nth  soHium  bicarbonate  as  an  antidote  was  proposed  by  Linhafli, 
1013,  1017;  altliough  it  is  better  known  as  "Carter's  aniidole,"  a  mixture  oi  aodj 
phosphite  and  sodium  acetate. 

Fantux,  1Q17,  proposed  a  similar  hypophosphite  peroxid  mi.TtUTe  (sec  above) 

The  phosphite  mixtures  arc  quite  successful  if  Riven  within  5  minutes  niixr  ibf 
poison  (Fantus  and  Hyatt,  igi?).  They  arc  useless  after  it  has  been  absorbed;  tiviv 
even  if  the  antidote  is  injected  into  the  blood  (Sansuni.  iqi8). 

Sulphids. — Sabbatani,  1007.  investigated  the  antidotal  value  of  hydro«n 
Wilms,  1Q15  to  igi7,  makes  the  very  imnrobable  claim  that  calcium  sulphidis 
even  when  started  12  to  30  hours  after  the  poisoning.     He  uses  tt  hy  m<iuth  (o  l 
Gm.  every  hour)  and  intravenously  (in  quantity  equal  to  that  of  the  mcrcur>'' a5» 
made,  boiled  and  filtered,  0.3  per  cent,  solution.    This  contains  Ca(SH)t  and  ll 
posed  to  form  mercuric  sulphid. 

The  advisability  of  the  intravenous  treatment  is  doubtful.  Haskell  and  CourtJicy- 
X917,  found  the  benefits  no  greater  than  with  simple  saline. 

fodid  and  Quinin. — Hall,  r()r4,  propo!wd  potassium  iodid  and  quinin  (a  rertHil" 
Meyer's  reagent).  This  might  have  some  effect  in  the  stomach,  but  naturally  ootii 
the  blood  or  tissues  /Barbour,  iqis). 

C/kjrrflo/.— Fcrrcira  and  MacHride,  1914,  advocated  animal  charco&l,  a  uUlif*'* 
every  2  hours,  together  with  lavage,  etc. 

The  local  antidotes  should  be  followed  by  an  emetic  or  repeated  (?»»' 

trie  and  colon  lavage  to  remove  the  unabsorbed  or  re-excreted  mcaurs 
and  by  alkali  administration,  milk  diet,  and  hot  packs,  to  protect  tlii 
kidneys 

futvage. — Lieb  and  Goodwin,  T9T5,  emphasize  repeated  gastric  lav^  nrtwifll 

mcrcur>'  excreted  into  the  stomach.     Lambert  and  Patterson,  1Q15.  '  •  •** 

continuous  rectal  irrigation.     The  success  is  only  limited  if  the  poison  nns  aircady  Iw* 
absorbed  (Sansum,  igi8). 
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Saiine  Ifffusums,  Alkaiies,  etc. — Sansum,  iqiS.  determined  the  minimal  fatal  dose  of 
mercuric  chlorid  by  intravenous  injection  for  doffs  as  uniformly  4  mg.  per  kfi.  This  was 
not  modified  by  tJic  infusion  of  plain  satinc,  or  hy  sugar  solutions,  alkalies,  Fischer's 
solution,  etc.  i.e.y  these  were  all  unsuccessful  against  acute  poisoning.  This  does  not 
exclude  the  possibility  of  diminishing  the  nephritic  changes  of  subacute  poisoning,  which 
may  explain  the  results  claimed  for  these  treatments.  However,  their  benefit  is  not 
firmly  established;  especially  since  they  are  generally  combined  nith  other  measures. 

Venesection  and  Tratisjusion. — Burmeister,  IQ17,  claims  ihat  these  diminish  the  renal 
changes. 

Alkalies. — The  use  of  these  is  justified  by  the  observation  of  McNider  that  they 

f»rotect  the  kidneys  against  metallic  poisons.     However,  their  success  is  probably  quite 
imited. 

D.  J.  Lewis  and  Rivers,  igi6,  aim  to  increase  the  elimination  by  fretjucnt  gastric 
lavage,  colon  irrigations  and  hot  packs.  They  also  give  sodium  bicarbonate  and  glucose 
by  mouth  and  vein,  to  combat  acidosis  and  guard  against  nephritis.  W.  B.  Weiss, 
1917,  iQiS,  also  advocates  alkalies,  on  Fischer's  theory  of  nephritis.  After  the  local 
antidotes,  he  administers  sodium  bicarbonate  freely,  so  as  to  keep  the  urine  alkaline  to 
methyl  red.    Schisler,  1917,  claims  good  results  from  MgO,  i  to  4  Cm.,  every  3  hours. 

Subacute  Poisoning. — This  (as  seen  in  sequence  to  acute  poisoning 
or  in  the  ordinary  medicinal  use)  presents  especially  the  phenomena  of 
nephritis,  stomatitis  and  colitis;  more  rarely  skin  eruptions.  The  stomach 
and  ^mall  intestines  usually  escape. 

Mercurial  Nephritis. — Some  degree  of  albuminuria  is  common  even 
in  the  ordinary  therapeutic  use  of  mercurials.  It  is  ailributed  to  the 
excretion  of  the  mercury.     After  severe  intoxication  it  may  last  for  years. 

The  ai-ute  nephritis  is  primarily  tubular.  When  severe,  it  may  be 
accompanied  by  hemorrhagic  glomerular  nephritis.  The  lumen  of  the 
tubules^  and  sometimes  the  epithelium,  may  contain  crystals  of  calcium 
carbonate  (Saikowsky,  1866),  the  origin  of  which  is  not  explained.  These 
may  occur  as  early  as  48  hours  after  the  administration  (Schamberg  et  al., 

19x5)- 

In  the  milder  or  more  gradual  cases^  the  nephritis  is  mainly  interstitial; 

although  the  glomeruli,  and  with  large  doses  the  epithelium,  may  be  in- 
volved.   Later  the  kidney  becomes  cirrhotic. 

The  anatomical  arvd  chemical  changes  in  acute  clinical  mercury  nephritis  are  further 
described  by  W.  K-  Campbell,  1917;  those  in  the  sutjacute  form  by  Foster,  igig. 

Functional  Changes  in  Exptrimenial  Mercury  Nephritis. — The  acute  form  generally 
shows  poUnjria  (Schlaycr  and  Hcdinger,  1Q07)  and  often  renal  glycosuria  (Franck, 
1913).     The  blood  of  rabbits  is  hydremic  (Blix,  iqiO). 

McNider.  191S,  found  in  subacute  poisoning,  accompanied  hy  partial  or  complete 
suppression  of  urine,  a  diminished  phenol-s-phthalein  output,  retention  of  urea,  and  rapid 
reduction  of  reserve  alkali. 

•These  changes  may  not  have  time  to  develop  in  animaJs  that  die  very  acutely. 
Otherwise,  tJiedcyrcc  n\  addons  is  parallel  to  the  morphologic  changes  {McNider,  191 7). 

Hepatic  Degeneration. — MacNider,  1919,  found  that  dogs  poisoned  bv  mercuric 
chlorict  15  mg.  per  Kg.,  by  mouth,  react  with  severe  gastroenteritis,  but  usually  recover. 
The  liver  of  these  animuU  shows  degenerative  changes,  t>cginning  with  deposition  of 
fat  in  the  cells  around  the  central  veins,  then  cloudy  swelling  and  necrosis,  the  process 
extending  toward  the  peripher>'.  The  intensity  is  parallel  to  the  nephritis,  rather  than 
to  the  gastroenteritis. 

Stomatitis. — This  is  important  as  the  earliest  symptom  of  excessive 
therapeutic  use  or  of  chronic  poisoning.  It  occurs  about  as  readily  when 
the  mcrciuy  is  administered  otherwise  than  by  mouth.  It  begins  with 
fetor,  then  metallic  taste,  soreness  of  the  gums  and  some  salivation 
(ptyalism).  This  is  as  far  as  the  therapeutic  use  should  go.  If  it  is 
pu^ed  further,  the  teeth  loosen,  the  edges  of  the  gums  blacken,  and  they, 
and  later  the  tongue,  become  swollen  and  ulcerated.  The  irritation  and 
infection  cause  very  severe  salivation  and  progressive  exhaustion.    In 
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very  advanced  poisoning  there  may  be  loss  of  the  teeth  and  necrosis 

the  jaw. 

The  susceptibUiiy  to  stomalUis  varies  greatly  and  is  markedly  influenc 
by  the  hygienic  condition  of  the  mouth  and  teeth. 

Treatment  of  Siomaiitis.— The  stomatitis  is  most  effectively  prevent! 
and  treated  by  hygiene  and  care  of  the  teeth.     The  mouth  should  be  U 
the  best  possible  condition  before  mercury  is  started.     Hydrogen  peroj 
or  potassium  chlorate  (a  tablesf)oonful  of  the  saturated  solution  toagi 
of  water)  should  be  used  as  a  mouth  wash  several  times  a  day.    The 
of  tobacco  is  said  to  be  injurious. 

Cause  of  the  SlcmatUis  and  Coiiiis. — These  are  generally  attributed  to  irriutioa 
during  the  excretion  of  the  metal.  .\Lnikvist,  1906  and  1916,  however,  poinU  out 
they  have  no  relation  to  the  excretion  but  depend  upon  the  presence  of  hydrogen  ful 
and  the  nrecipitation  of  mercuric  sulphid  which  can  be  shown  chemically  in  the  capil 
endothelium  of  these  situations.  Similar  deposits  and  irritation  can  be  produc 
experimentally  elsewhere  to  exposure  by  hvdrogcn  sulphid.  He  therefore  explains 
process  as  due  to  bacterial  action  causing  injury  and  desquamation  of  the  epitbcSuo^ 
and  the  production  and  absorption  of  H-iS,  which  precipitates  tlie  mercur>'  in  the  cx^ 
illaries  from  where  it  is  deposited  in  the  endothelium.  Here  it  acts  as  an  irritant  aad 
disturbs  the  function  and  nutrition  of  the  ves'^ls,  leading  to  necrosis.  The  explAUtioii 
is  somewhat  hi^pothetical. 

Bismuth  also  gives  similar  precipitates  but  they  are  much  less  toxic.  Lead  tod 
copper  are  not  so  easily  precipitated. 

The  salivation  is  perhaps  partly  due  to  direct  irritation  of  the  salivar>'  mechiaiim 
by  the  mercur>'.  Oiani,  1913,  reports  degenerative  histologic  changes  of  the  parotid 
gfand  in  mercurialpoisoning. 

Metabotism. — The  etTects  arc  imperfectly  known  but  appear  to  resemble  those  ot 
arsenic,  lead  and  phosphorus.  Small  doses,  therapeutically  and  in  aoinuds.  often  oox 
considerable  increase  of  weight  (fat).  The  red  carpuscUs  are  also  increased  (SchleuDgcr. 
2884).     In  chronic  cachexia  they  are  diminished.     In  acute  poisoning  there  is  oHes 

glycosuria  and  disappearance  of  glycogen.    On  the  other  hana,  mercury  is  BooetiDc^ 
leneficial  in'di4ibctes,  presumably  of  s>'philitic  origin. 

Chronic  Mercury  Poisoning. — If  this  takes  a  slow  course,  there  tn, 
in  addition  to  the  subacute  symptoms,  nervous  and  nutritional  phenomeni. 
The  most  common  are  tremor;  erethismus  (psychic  irritability  and  rts;- 
lessnes.s),  and  other  psychoses;  cachexia  with  anemia, -  malnutritioa  u<l 
musctdar  atrophy;  bone  changes  (decalcification)  and  more  rarely  netuits 
or  pareses. 

TreaimerU  of  Chronic  Poisoning. — Prophylaxis  is  of  the  first  impor- 
tance; it  is  doubtful  whether  treatment  materially  influences  the  course 
after  the  appearance  of  symptoms.  Potassium  iodid  and  hot  baths  vt 
generally  tried,  with  the  intention  of  hastening  elimination.  • 

PECULIARITIES  OF  CALOJffEL 

The  mercurous  or  "  mild"  chlorid,  because  of  its  insolubility  in  wattf 
and  litnited  solubility  in  the  alimentary  canal,  has  very  much  weaicr 
actions.  It  is  therefore  suitable  for  a  cathartic  and  intestinal  anli*ei)uc- 
In  cardiac  dropsies  it  b  often  markedly  diuretic.  It  may  be  employtd 
as  an  antisyphilltic. 

Solubility  of  Calomel  in  the  Alimentary  Canal. — Calomel  is  not  dissolved  to  thep»- 
trie  juice  and  none  is  absorbed  from  the  stomach  or  rectum  (Nemser*  IQ06);  bwttff 
attacked  in  the  intestines,  especially  in  the  ileum,  by  the  alkaline  pancreatic  aod  tfltati^ 
nal  juice.  These  dissociate  it  into  mercury  (shown  by  immediate  darkems^l.  ■"|' 
yellow  mercuric  oxid;  the  laitcr  dissolves  slowly  and  incompletely  in  the  alkalioc  intesti- 
nal fluid  (T.  W.  Schaefur,  1910). 

Interaction  of  Calomel  and  Salt.— Miaihe  attributed  the  solution  of  calomel  lointt^ 
action  with  sodium  chlorid,  forming  mercury  and  mercuric  chlorid,  and  complex  douUr 
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salts.  Similar  reactions  were  claimed  by  Joly  to  occur  with  hydrochloric  and  citric 
acids,  alkalies,  carbonates  and  sugar.  These  reactions  do  occur  in  pure  solutions, 
especially  at  hi^h  temperatures  and  \vitb  concentrated  solutions;  and  to  some  extent 
even  under  conditions  resembling  those  of  the  body.  The  amount  dissolved  would  be 
very  small  (at  most  i  to  4  mg.  per  0.5  Gm,  of  Calomel).  However,  mercuric  chlorid 
could  not  exist  as  such  in  the  alkaline  intestine,  and  the  chlorid  can  therefore  nut  be 
made  responsible  for  the  solution  of  calomc!  fas  was  suggested,  ^.i.,  by  Carracido,  1906). 
lodids,  bromids,  sutfocyanids.  thiosulphates,  etc.,  dissofve  larger  quantities  of 
calomel. 

CATHARTIC  ACTION  OF  CALOMEL 

This  may  be  referreri  to  the  irritant  effects  of  the  small  quantities  of 
mercur>'  which  are  progressively  dissolved.  The  irritation  is  generally 
so  mild  that  it  may  be  employed  even  in  enteritis.  Some  patients,  how- 
ever, are  hypersusceptible.  Ordinarily  it  produces  dark  green,  semisolid 
stools^  with  mild  colic,  in  about  ten  to  twelve  hours.  Laxative  doses 
diminish  Inlestinal  putrefaction  (diminished  indoxyl  in  urine).  Larger 
doses  probably  favor  the  bacteria  by  lessening  the  intestinal  resistance. 

Dosage. — This  is  relatively  unimportant,  because  any  excess  is  gener- 
ally expelled  before  it  is  dissolved.  It  is  customary  to  give  either  a  single 
dose  of  0.125  to  0.5  Gm.  (2  lQ_i^r.);  or  fractional  doses  of  15  mg.  Vi  (gr.) 
every  hour  until  0.15  GnTTTUgiry  have  been  taken.  The  divided  doses 
insure  better  solution.  Formerly  much  larger  doses  were  used  but  they 
are  superfluous;  and  while  usually  harmless,  they  may  become  dangerous 
should  conditions  become  exceptionally  favorable  to  absorption. 

Calomel  is  not  suited  for  long-continued  use  on  account  of  systemic 
actions.  These  may  also  be  produced  by  large  single  doses,  if  they  arc 
not  expelled  in  the  usual  time.  It  is  therefore  advisable  to  follow  the 
calomel  in  six  hours  by  a  saline;  or  it  may  be  mixed  with  Resin  of  Podo- 
phyUum  (5  mg.;>i2gr.). 

Calomel  should  not  be  perscribed  with  i^dids,  alakalies  or  organic 
substances. 

Other  mercurial  salts  are  sometimes  used  as  cathartics  but  without 
advantage. 

Bile-flow. — ^This  is  not  affected  by  calomel.  The  older  views  of 
cholagogue  action  were  based  merely  on  the  color  of  the  stools,  which  is 
due  partly  to  mercury  sulphid  and  partly  to  lessened  decomposition  of  the 
ordinary  bile. 

The  absence  of  chola^oKUC  action  has  been  shown  with  biliary  fistula  experiments 
by  numerous  investigators  (Okada,  1915).  Doyon  and  Dufourt,  1897.  also  showed 
that  the  green  calomel  stools  occur  even  if  the  bile  is  prevented  from  reaching  the 
intestines.  The  rAlc  of  the  antiseptic  effect  is  shown  oy  incubating  the  bile  with 
calomel,  when  the  green  color  persists  much  longer  than  with  pure  bile.  Jaksch, 
however,  claims  that  calomel  stools  do  not  contain  btUverdin. 

Mechanism  of  the  Cathartic  Action. — This  is  due  to  a  local  effect,  but  there  are 
differences  of  opinion  as  to  its  mechanism.  It  is  generally  attributed  simply  to  irritation, 
and  X-ray  work  shows  that  peristalsis  is  increased  in  the  small  and  targe  intestines 
(Mcyer-Betz  and  Gebhardt,  igu);  but  Fleckscder,  IQ12,  believes  that  calomel  also 
prevents  the  ab&ori)tion  of  water  in  the  small  intestine,  directly  and  by  quickening  the 
passage  of  Uic  contents.  The  catharsis  is  prevented  by  atropia  Of  opittm.  It  is  not 
influenced  by  the  presence  or  absence  of  bile  (VaJeri,  ipog). 

Calomel  probably  acts  mainly  on  the  duodenum,  and  much  less  on  the  colon.  Small 
doses  may  therefore  only  sweep  the  duodenal  contents  into  the  colon,  without  producing 
a  itool.     Large  doses  produce  griping  and  tenesmus. 

Calomel  Diuresis. — Adequate  doses  are  sometimes  remarkably  diuretic 
in  cardiac  dropsies.  The  effect  is  uncertain  and  does  not  usually  occur 
in  health  or  in  other  dropsies.    The  mechanism  is  not  definitely  explained. 
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It  is  a  heroic  remedy,  requiring  large  doses  and  generally  producing  saliva* 
tion  and  diarrhea.  Caution  should  be  used  in  nephritic  or  debililat*  ' 
patients. 

The  diuretic  effect  of  calomel  in  cardiac  dropsy  is  said  to  bave  been  wcU  knovn  to 
the  physicians  in  the  latter  half  of  the  piehtecnth  century.     It  was  use<i,/.i  ,  by  AI 
Munro.    Howe\'er.  it  fell  into  neglect,  ana  was  practically  rediscovered  by  Jendrassik  i 
k886.     He  found  it  effective  mainly  in  cardiac  dropsies,  in  which  it  produced  resullA 
greater  thau  could  be  obtained  with  digitalis  or  caffcin.     The  urioc  was  often  im 
to  7  or  8  L.  a  day.     The  absolute  amount  of  urea    and    chlorids    was   also   grcal 
increased.    To  obtain  the  best  effects,  o.j  Gm.  was  given  from  four  to  five  times  a  daj 
until  a  slight  mercurial  stomatitis  was  produced.     If  tliis  did  not  prove  cffeciii 
the  start,  the  remedy  was  discontinued;  it  also  seems  wise  to  intermit  it  rKfi 
The  bowels  may  be  regulated  by  opium.    Jendrassik  remarks  that  the  calomeal 
relatively  or  quite  ineffective  when  the  heart  disease  is  uncomplicated  by  di 
it   was  also  ineffective  In  pleuritic  exudates,  in  nephritic  elTusions,  and   in  hodl 
individuals.    This  report  gave  rise  to  extensive  trials  of  the  drug.     The  results  of  thi 
were  summarized  by  Jendrassik  in  iSoi,  together  with  further  observations  and  expcr 
mcnts  of  his  own.     His  previous  conclusions  concerning  the  best  method  of  adminu^l 
tion,  and  the  usefulness  of  calomel  in  cardiac  dropsies  seem  to  have  been  genenlh 
confirmed,  as  also  the  relative  inefficiency  in  non-dropsical  heart  disease,  in  picunti 
exudates  and  in  normal  individuals.     It  seemed  to  be  slightly  diuretic  in  the  Ult 
but  Uie  action  can  never  compare  with  that  seen  in  cardiac  dropsies.     It  was  often  fom 
effective  in  hepatic  ascites,  but  failed  frequently.     It  gave  good  results  in  !omc  cuek'1 
of  nephritic  edema,  but  in  most  Instances  gave  no  result;  it  seemed  impossible  to  predict^ 
what  it  would  do. 

TTie  theoretical  objections  to  the  use  of  so  powerful  a  renal  irritant  as  mercury  in 
nephritis,  were  early  emphasized,  especially  by  Cohn,  1887,  and  supported  by  some  clin-j 
iou  observations.  It  was  claimed  that  there  is  a  very  marked  tendency  to  mercunalj 
symptoms,  and  that  the  nephritis  is  often  made  worse.  The  greater  number  of  1 
however,  hold  the  opposite  \iew,  viz.,  that  calomel  does  not  render  the 
worse,  whether  it  has  a  diuretic  action  or  nut.  This  is  defended  by  Jendnuiestk, 
Heuck.  1889.  Schild,  iSg2,  reported  three  cases,  in  which  he  claims  that  a  diuretic  cff«1 
was  obtained,  together  with  a  lessened  per  cent,  of  albumin;  the  daily  output  of  protda 
being  unchanged. 

Briefly,  it  seems  certain  that  the  doses  of  calomel  which  are  advocated  hmvt  nevtii 
produced  albuminuria  in  normal  individuals,  but  the  question  of  their  effect  on  u 
existing  nephritis  is  not  sufficiently  investigated  to  admit  of  a  decisive  answer.    Cr»i 
conservatism  in  iti  employment  is  therefore  indicated. 

The  tncfhanhm  of  this  calomel  diurais  is  not  understood,  notwithstandiog  the 
investigation  of  Jcndraassik,  of  Cohnsicin,  i8oi,  and  of  V'ejux-*fyrodc  and  XcKnii.  ii#:; 
Flecksoder.  1912,  finds  that  all  mercury  compounds,  by  all  methods  »if 
tion.  produce  u  diuretic  effect  in  rabbits.  He  believes  that  mercury  lessen.- 
of  food>water  from  the  small  intestines;  the  water  would  therefore  reach  ihc  Uis^ 
intestines  in  excessive  quantity;  and  when  absorbed  from  this  place  would  act  m  * 
diuretic.  The  explanation  is  not  altogether  satisfactory;  f.i.,  it  does  not  exfdain  tlic 
absorption  of  exudates. 

The  diuretic  action  of  mercuric  chlorid  has  been  studied  in  rabbits  by  F^r^"^"  '"" 

Uydrcmia  in  Calomri  Diuresis. — Flcckscdcr  found  the  blood  of  rabbit- 
This  would  speak  ftgainsl  the  diuresis  being  of  renal  origin.     However,  th. 
probably  accidental,  for  all  other  workers  have  found  the  blood,  in  man  or  mamnmls 
either  unaffected  or  rather  concentrated  by  the  diarrhea.    The  l>-mph-dow  is  no* 
increased  (Yanagawa,  1Q16;  Loria.  rgis). 

Injlwtice  oj  Other  Drugs. — The  diuresis  is  surpresscd  by  atropin;  this  would  filWI 
Flecksedcr's  expbnation;  but  opium  which  also  lessens  peristalsis  mcrrascd  tbedhtrobi 
Schargorodsky,  igii,  found  it  surpresscd  by  ether  or  morphin.  Exccs^ve  doMi  fli 
mercury  also  produce  anuria. 

The  ronstiiwnts  of  iht  urine  after  calomel  has  been  studied  by  E.  Frcy,  tgo6. 

MERCURY  IN  SYPHILIS 

The  antisyT^hiJitic  effect  of  mercury  was  discovered  abotit  1500,  veiti 
soon  after  the  discovery  of  the  disease;  according  to  Rhacnodaeus,  it  vntfl 
first  used  by  one  Jacobus  Carpensis,  *'  whose  use  was  so  successful  that  hel 
presently  became  rich  thereby."    Till  the  present  century,  little  further; 
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advance  was  made  in  its  employment,  which  remained  entirely  empirical. 
Il  was  nol  known  whether  it  acts  symptomatically,  or  tis  a  general  tonic; 
oc  whether  it  really  affects  the  causative  agent  directly;  whether  it  merely 
relieves  or  actually  cures.  Its  effects  had  to  be  judged  entirely  by  the 
s>'Tnptoms,  which  in  syphilis  are  extremely  subject  to  spontaneous  varia- 
tions. The  proper  dose,  as  well  as  the  time  and  continuance  of  its  admin- 
istration were  therefore  regulated  only  by  caprice  and  prejudice.  This 
empiricism  was  revolutionized  by  Ihe  three  important  discoveries:  of  the 
Treponema  paUida  as  the  causative  agent;  of  its  transmissibllity  to 
monkeys  and  rabbits;  and  of  its  more  definite  diagnosis  by  the  Wasser- 
mann  reaction.  Through  these  discoveries,  it  was  possible  to  establish 
that  mercury  acts  directly  on  the  Treponemas,  and  not  merely  on  the 
symptoms;  that  hke  all  chemo-therapeutic  agents,  it  must  be  used  as 
early  as  possible,  energetically  and  i>ersistently ;  and  that  if  so  used,  it 
can  efTect  a  i>erfect  cure. 

Antiluetic  Agents. — Experiments  on  monkeys  (Neisser,  etc.)  have 
shown  that  fturntry  cradicjites  the  disea.sc  in  the  presymptomatic,  in  the 
active,  and  in  the  latent  stages.  Organic  arsenif  is  similarly  successful, 
and  acts  more  rapidly.  lodids  also  have  some  effect,  but  arc  much  weaker. 
Their  clinical  efficiency  in  tertiary  syphilis  must  be  by  some  other 
mechanism. 

SpirofhfU  Cttiturex  arc  killed  by  dilute  solutions  of  mercuric  chlorid  fi:ioo,ooo). 
Continuous  cultivation  produces  some  tolerance  (*' fastness"),  but  this  is  lust  in  ft  few 
generations  of  the  culture,  and  is  therefore  prdctically  unimportant  fAkaLsu  and 
Koguchi,  1917). 

Importance  of  Early  Treatment.— It  was  formerly  taught  that  merciuy 
should  be  postponed  until  the  onset  of  the  secondar>'  symptoms,  so  as  not 
to  interfere  with  the  clinical  diagnosis.  This  consideration  1>ecame  super- 
fluous with  the  introduction  of  the  Iaborator>'  methods.  It  is  now 
recognized  that  the  chances  of  complete  success  are  the  greater,  the  earlier 
the  treatment.  This  should  be  started  as  soon  as  the  diagnosis  is  made. 
If  the  administration  is  delayed,  or  if  it  is  not  sufficiently  energeiic  and 
relapses  occur,  treatment  becomes  much  more  difficult  and  requires  larger 
doses.  In  s^-philitic  aortitis,  mercury  rarely  gives  more  than  temporary 
relief  (Longcope,  1914). 

Abortive  Treatment — If  treatment  can  be  started  within  4  or  at  most 
8  hours  after  exposure,  the  site  of  suspected  infection  should  be  disin- 
fected and  dressed  with  an  ointment  containing  33  per  cent,  of  calomel 
or  0.3  per  cent,  of  sublimate  (*' Neisser-Sieberi  Ointment").  This  should 
"be  followed  by  systemic  treatment.  (See  also  under  Organic  Silver 
Preparations.) 

Mercury  should  not  be  used  locally,  after  12  hours  have  elapsed,  until 
a  diagnosis  has  been  made,  for  it  makes  it  more  difficult  to  find  the  spiro- 
chetes. 

Systematic  Treatment. — Formerly  mercury  was  administered  expect- 
antly, intermittently  or  continuously.  It  is  now  recognized  that  fhe 
treatment  should  not  depend  on  the  symptoms,  and  the  expectant  treat- 
ment is  therefore  of  no  use.  The  ifUermitlcni  treatment  (Fournier's)  was 
based  on  the  premise  that  the  syphilitic  virus  acquires  an  immunity  to 
the  continued  administration  of  mercury,  and  that  its  susceptibility  is  re- 
felablished  by  occasional  intermittencc  of  the  treatment.  There  is  no 
DTOof  for  this  assumption^  but  the  method  seems  to  give  the  best  clinical 
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results  (perhaps  because  it  permits  a  higher  temporary'  concentration 
mercury  than  could  be  aUained  with  continued  administraLion;  in  chemi 
therapy,  the  concentration  generally  counts  for  more  than  the  time 
exposure).  The  interrupted  method  also  lends  itself  better  to  co 
bination  with  Arsphcnamin.  The  two  metals  probably  attack  the  pa 
site  in  a  diflferent  way;  at  least,  they  seem  more  effective  together  th 
separately. 

In  the  intermittent  method,  the  mercury  is  given  to  slight  ptyalis% 
in  courses  of  five  to  six  weeks'  duration,  with  intermissions  of  one  to 
months,  for  at  least  one  and  a  hatf  years;  or  longer  if  the  disease  is  o 
eradicated  (see  under  Arsphenamin). 

\\Tiatever  method  is  used,  it  should  be  aimed  to  introduce  the  m 
mum  of  mercury  that  the  patient  can  tolerate;  something  like  2  Gm. 
Hg  during  the  first  year,  and  i  Gm.  in  the  two  succeeding  years.     T 
relative  failure  of  the  older  methods  may  be  attributed  to  insufficieni 
dosage. 

If  metasyphilitic  lemons  have  set  in,  mercury  is  of  little  use,  but  i 
early  energetic  use  is  the  best  preventative  of  these  lesions. 

Oral  Administration. — This  is  probably  the  most  congenial  method 
the  patient;  but  it  is  difficult  to  introduce  sufficient  mercury  on  accoual 
of  the  local  action  on  the  digestive  canal.  The  patient  is  also  under  less 
perfect  control.  It  has  therefore  been  largely  superseded  by  the  intra- 
muscular method  or  inunction. 


It  is  only  advised  in  new-bom  infants.  To  these  mercury  with  chalk  may  be  pvta 
in  doses  of  0.015  to  o.ot  Gm.  three  times  per  day. 

For  adults,  the  oral  method  was  usea  continuously:  Beginning  with  asmaIldo9<. 
this  is  increased  daily  by  about  10  per  cent.,  to  tenderness  of  the  gums.  Tbe  ioath 
then  reduced  to  one-third  or  one-half  and  continued  at  this  point  till  the  end  of  tbr 
treatment.     The  usual  preparations  are,  in  order  of  preference: 

Hydrargyri  lodidum  Flavum  (*'Proto-iodid")-  •  ■   o.oi    to  0.05    Gm.  (^  to  i  grj. 

Hydrargyrum  cum  CretA 0.05    to  0.2      Gm.  (i  to  3  gr.)- 

Hydrargyri  Chloridum  Corroaivum 0.005  to  0.015  Gm.  (Hj  to  H  f)- 

(These  doses  three  times  daily). 

Inunctioxi. — Although  effective  quantities  of  mercury  can  be  intro- 
duced by  this  method,  the  dosage  is  always  uncertain.  Inunction,  mort- 
over,  is  time-consuming,  dirty  and  disagreeable,  and  difficult  to  keep 
secret. 

However,  it  is  effective,  and  has  a  special  field  in  the  secondaxy  cot*- 
neous  lesions,  where  it  must  have  a  local  parasiticide  effect. 

Inunction  is  performed  by  rubbing  about  2  Gm.  of  Ung.  Hydiargyn 
into  the  skin,  until  it  is  entirely  absorbed^  ».«,,  for  about  half  an  hour. 
The  skin  may  then  be  sponged  with  benzine,  to  remove  the  tell-tale  cxces*,; 
The  "rubs"  are  usually  repeated  every  night  on  a  different  skin-ar<a.  so' 
as  to  increase  the  absorbing  surface,  and  also  to  prevent  exec-  ' 
irritation:  making  the  tour  of  the  body  in  six  nights.  The  sevt: 
a  hot  bath  is  substituted,  and  so  on.  The  course  lasts  for  four  lo  ^, 
weeks.     Salivation  usually  starts  after  10  to  20  rubs. 

The  absorption  of  the  mercury  occurs  mainly  from  the  hair  follicle 
into  which  it  is  forced  by  the  rubbing,  and  where  it  is  gradually  con-J 
verted  into  soluble  compounds.     The  epidermis  does  not  participate  w 
the  absorption  (I.  Neumann,  1871;  Fuerbringer,  1880).     In  case  of  voUl 
preparations,  such  as  metallic  mercury,  some  absorption  may  also  occur 
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uitough  inhalation  (Wile  and  Elliott,  1917;  Schamberg  et  al.,  igiSl;  but 
this  is  of  very  minor  imiwrtance. 

Excreiion  of  Mercury  after  Inunction. — This  was  discussed  under  Excretion. 

Calomei  Intinciions. — These  are  absorbed  much  less  efficiently  than  metAllic  mercury. 
Cole  and  Littman,  iQig,  found  no  salivation  even  after  40  rubs;  nor  was  there  any 
improvement  in  the  secondary  s>'phylide3. 

Inhalations^  fujnigations  and  plasters  arc  obsolete  methods  of  introducing  mercury. 

Intramuscular  Injectjons. — These  permit  the  introduction  of  the  maximum  of 
mercury,  with  relatively  slight  gastro-intestinal  irritation  (although  it  may  be  doubted 
whether  the  stomatitis,  colitis  and  nephritis  arc  less  severe  than  with  oral  administra- 
tion). One  of  the  chief  advantages  of  injections  is,  that  they  keep  the  patient  under 
more  effective  observation,  and  permit  a  better  control  of  the  quantity  of  mercur>' intro- 
duced. The  disadvantages  arc,  that  the  absorption  especially  of  the  insoluble  prepara- 
tions is  variable;  and  that  the  injections  are  more  or  less  paii^ul,  often  with  destructive 
lesions  in  the  muscles  (Robertson,  1QX3).  These  arc  unimportant  practically.  With 
the  soluble  preparations  the  pcin  lasts  some  hours  or  longer;  with  the  insoluble  several 
days.  Of  tnese,  calumel  is  the  most.  Oleum  cinereum  the  least,  painful.  I'he  immedi- 
ate pain  may  be  lessened  by  injecting  i  c.c.  of  a  prt-  cent,  procain  from  the  same  syringe. 
The  injections  arc  made  deep  into  the  gluteal  muscles. 

The  preparations  used  for  intramuscular  injections  fall  into  two  classes; 
according  to  whether  they  are  absorbed  rapidly  or  slowly.  These  have 
distinctive  uses. 

Tfu  Easily  Absorbable  Injections, — These  include  all  the  soluble  salts; 
and  the  salicylate,  which  is  insoluble  in  water  but  is  dissolved  by  sodium 
chlorid  or  carbonate. 

The  soluble  preparations  act  more  promptly,  the  dosage  is  under 
better  control,  and  there  is  less  possibility  for  cumulative  action.  The 
effects  arc  correspondingly  less  persistent,  and  the  injections  must  be 
repeated  at  more  frequent  intervals — every  day  to  ever>'  third  day. 
They  are  usually  employed  in  i  per  cent,  solution.  Mercuric  chlorid  is 
quite  irritant.  The  biniodid,  dissolved  in  3  per  cent.  Nal  is  a  good  form. 
The  cyanid,  oxycyanid,  oxybenzoale  and  succinimid  are  also  relatively  non- 
irritant.  The  average  daily  dose  is  about  i  c.c.  of  i  per  cent.  (  —  0.01 
Gro.|  J^  gr.),  in  courses  of  five  to  six  weeks'  duration.  The  treatment 
may  be  intensified  by  beginning  with  2  c.c,  increasing  slowly  to  3  or  4 
c.c.  (0.03  to  0.04  Gm.)j  or  until  mild  ptyalism  occurs,  when  the  dosage  is 
reduced  so  as  to  keep  the  patient  just  short  of  salivation. 

The  Insoluble  Injections.— These  arc  used  with  the  purpose  of  establish- 
ing **def>ots"  from  which  the  mercury  may  be  gradually  absorbed^  so 
that  injections  need  only  be  made  at  intervals  of  5  to  7  days,  in  courses  of 
about  15  injections. 

Roentgengraphs  (Cole,  Littman  and  Sollmann,  1930)  show  that 
salicylate  injections  are  actually  absorbed  in  this  time.  Calomel  injections 
require  about  15  days  for  absorption.  "Gray  oil"  injections  arc  ab- 
sorbed very  slowly,  so  that  most  of  the  metal  is  still  present  after  4  weeks. 
Repetition  of  such  injections  at  weekly  intervals  leads  to  increasing  de- 
posits, and  may  give  rise  to  severe  poisoning  if  the  conditions  for  absorp- 
tion should  suddenly  become  favorable. 

Mercuric  salicylate  is  employed  as  10  percent,  suspension  in  oil  or  better, 
in  lanolin  emulsion  (Nitardy,  1919)  in  the  dosage  of  1  c.c*     It  causes 

CPeruakzkt  and  Anesthetic  Mtacuaic  Salicylate  Suspension 
Gu.  or  C.G. 
fiydnms  lanolin.  -  4° 
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very  little  irritation  since  the  mercury  is  not  ionized  (not  precipitated  by 

US)- 

Calomel,  lo  per  cent,  suspended  in  oil,  x  c.c.  twice  weekly;  this  is  considered  one  of  the 
most  active,  but  a  painful  method. 

Oleum  Cinereum  (gray  oil),  a  40  per  cent,  suspension  of  metallic  mercury  in  oil. 
This  is  the  most  slowly  absorbed  of  the  mercurials.  The  injections  (  ^  ex.)  are  therefore 
spaced  a  week  apart,  and  after  five  injections  an  intermission  of  five  or  six  weeks  is 
made  to  discount  capricious  absorption;  five  further  weekly  injections  are  then  gi^^n. 
(Semiweekly  injections  of  %  c.c.  may  be  substituted  for  the  weekly  injections.) 

Absorption  from  Intramuscular  Injections. — The  mercury,  in  whatever  form  it  is  in- 
troduced, acts  on  the  proteins  to  form  albuminates  of  mercury.  These  arc  strongly 
chemotactic,  and  attract  leucocytes.  Some  of  these  are  killed,  but  others  take  up  the 
mercury,  especially  in  their  nuclei,  and  distribute  it  through  the  body;  its  final  fate 
being  the  same,  as  with  other  methods  of  administration  (Conti  and  Zuicola,  1906; 
Lombardo,  191 2).  The  quantitative  excretion,  however,  is  very  capricious.  Wall- 
fisch,  191 2,  finds  that  the  solubility  of  the  preparations  is  of  subordinate  importance; 
but  that  all  inorganic  salts  are  absorbed  and  excreted  much  less  r^^y  than  the  organic 
salts.  ' 

Ramsay  and  Ziegler,  19x8,  showed  mercury  in  the  urine  eight  days  after  intramuscu- 
lar injection  of  mercuric  salicylate  or  chlorid. 

Schamberg  et  al,  1915,  found  in  animal  experiments  that  after  intramuscular 
injections  of  insoluble  preparations,  calomel  and  gray  oil,  50  per  cent,  of  the  mercury 
was  unabsorbed  after  6  or  7  weeks.  However,  their  conclusions  could  not  be  transferred 
to  the  clinic,  since  the  doses  would  have  corresponded  to  about  xo  gm.  in  man. 

Quantity  of  Mercury  Introduced  by  the  Different  Preparations. — This  may  be  seen 
from  the  following  table  (adapted  from  Neisser,  1911): 
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Intravenous  Injections. — These  were  recommended  by  Bacelli,  1892,  and  are  used 
in  several  clinics.  Hoi/^ever,  they  present  some  danger  of  intoxication  and  einb(£saii 
at  least  in  inexperienced  hands;  and  a  large  part  of  the  mercury  is  excreted  so  promptly 
that  it  probably  has  little  effect.  Mercuric  chlorid,  iodid,  or  cyanid  is  used,  m  i 
per  cent,  solution,  i  to  3  c.c.  daily  or  every  second  day,  injected  into  a  superficial  arm 
vein,  with  glass  syringe  and  platinum -iridium  needle  (Crume,  1908).  The  veins,  hov- 
ever,  soon  become  fibrosed.  Similar  injections  have  been  tried  in  puerperal  infectioDS, 
and  other  septicemias,  influenza,  etc.  (Barsony,  1909;  Ferrarini,  X918:  Perez,  I9i8). 
Vecki,  191 8,  endorses  this  use,  but  reports  severe  poisoning,  ezceptioiudly  from  3  nig. 

Spinal  Injections  of  Mercuralized  Serum. — Tnis  was  mtroduced  by  Byrnes,  19141 
and  is  endorsed  by  Ireland  and  Wilson,  19x5,  against  cerebro-spinol  syphilis,  as  bang 
about  equally  successful  and  safe  as  the  Swift-Ellis  serum.  It  has  the  advantage  that 
the  serum  may  be  kept  on  hand.  It  is  prepared  by  adding  x  c.c.  of  o-i3  per  cent  wa- 
curie  chlorid  to  1 2  c.c.  of  normal  human  or  horse  serum,  heating  to  56^C.  for  one^ 
hour.  This  gives  a  clear  solution.  This  dose  (double  would  be  sale)  is  injected  by 
gravity,  at  body  temperature,  after  withdrawing  cerebro-spinal  fluid  till  its  pressure  b 
30  mm.  E.  L.  Hunt,  19x6,  also  reports  encouraging  results.  Hall,  Culbertson  and 
Slaght,  1916,  describe  the  reactions  following  the  intraspinal  injection.  They  are  osuallT 
not  serious. 

Swift,  1916,  however,  believes  that  repeated  injection  of  mercurialized  boisesennn 
renders  the  membranes  hypersensitive,  and  tends  to  produce  chronic  meningitis. 

Pittenger,  191 7,  finds  that  mercuric  chlorid  when  dissolved  in  serum  produces  tbe 
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same  systemic  effects  ns  when  dissolved  in  water,  and  is  equally  toxic,  by  aiiy  channel; 
but  that  it  causes  practically  no  locjil  irritaiion. 

Inhalation  of  Mercury  or  Calomel  Vapor. — This  has  been  abandoned,  mainly  be- 
cause t)f  the  uncertain  dosage.  Il  ulso  produces  marked  pulmonary  h>'peremia  tRit-'ker 
and  Hcssc,  1914). 

Mercury  vapor  is  not  absorbed  as  such.  When  it  is  inhaled,  it  condenses  in  the 
mouth  and  on  the  respiratory  mucous  membrane  and  undergoes  slow  oxidation  and 
combination  The  compounds  arc  then  absorbed.  In  other  words,  mcrcurv-  inhalation 
amounts  practically  to  the  administration  of  gray  powder,  except  that  the  dosage  is 
much  less  dchnitc,  and  there  is  a  possibility  of  focal  injury  to  the  lungs  (Cole  and  SoU* 
mann). 

Organic  Mercury  Compounds. — On  intravenous  injection  these  produce  at  fir^t 
characteristic  acute  "molfcular"  actions,  distinct  from  those  of  mercury;  and  which 
are  absent  when  they  arc  ahsc>rbcd  more  gradually.  The  mercury  effects  set  in  as  the 
mercury  is  split  off;  the  intensity  of  action  depending  on  the  readiness  of  this  liberation, 
and  on  the  rapidity  with  which  the  molecular  form  is  excreted  (F.  Mueller,  Schoeller 
and  Schraut,  [911). 

The  writers  arrange  the  organic  mercury  compounds  into  the  following  groups: 

1.  Ifior^anU. — Precipitated  by  sodium  hydroxid,  precipitant  for  proteins. 

2.  PseudocompUx. — Less  ionized;  not  precipitated  by  proteins,  but  precipitated  by 
sulphids. 

3,.  Ualf-compkx. — The  mercury  is  more  firmly  attached,  directly  to  tht-  benzol 
carbon  (Dimruch,  iqii).  Not  precipitated  by  cold  sodium  hydroxid  or  sulphid.  but 
precipitated  on  heating  with  these  reagents. 

4.  Ftdi  CampUx. — Each  mercury  valence  is  bound  so  firmly  to  an  organic  radical 
that  precipitation  docs  not  occur  even  on  boiling  with  strong  reagents.  These  com- 
pounds arc  practically  inactive. 

71)c  chemotherapy  of  mercury  is  dificuMcd,  with  a  bibliography,  by  Schamberg  et  al., 
1917. 

Contraindications  to  Mercury. — Caution  should  be  exercised  with 
weak  or  anemic  individuals,  with  albuminuria,  during  digestive  derange- 
ments, and  with  diseases  of  the  mnulh  or  teeth.  Pregnancy  is  not  con- 
sidered a  contraindication.  It  is  safer  to  begin  treatment  with  small 
doses,  since  some  patients  are  hypersusceptible. 

V^etable  Antisyphilitics. — The  prejudice  against  mercury  has  led  to  the  introduc- 
tion of  a  niunbcr  of  vegetable  "alteratives" — Echinacea,  Phytolacca^  Iris,  Sarsaparilla, 
etc.,  but  their  usclcssness  is  attested  even  by  modem  eclectics  (Hilton,  IQ09). 

MERCURY  IN  TUBERCULOSIS 

This  was  advised  by  B.  L.  Wright,  but  Hartz,  1910,  found  the  ultimate  results  detri- 
mental and  never  benchcial. 


PREPARATIONS — UETALLIC    MERCURY 

nydrartymm  (Hydrarg.),  U.S. P.,  B.P.;  Mercury  (Quicksilver);  Hg. — A  fluid,  ail- 
ver-white  ncavx*  metal.  It  is  used  only  in  finely  divided  form,  as  in  the  following 
preparations: 

*fiydriir^yrum  cum  CrtUt  (Hydrarg.  c.  Cret.),  U.S.P.,  B.P.;  Mercur>'  with  Chalk 
(Gray  Powder).— Contains  .vS  per  cent,  of  Hg.,  U.S.P.;  33  per  cent.,  B.P,,  with  honey 
and  chalk.  A  light  gray,  rather  damp,  sweetish  powder.  Used  especially  to  secure  the 
constitutional  effect  of  mercury  in  infantile  syphilis.  Dose,  0.25  Gm.,  4  gr..  U.S.P.. 
equivalent  to  about  o.t  Gm.  of  metallic  mercury;  0.06  to  0.3  Gm.,  i  to  5  gr.,  B.P.; 
dispensed  in  powders. 

Emp.  Hydrarg  .  B.P. — 33  per  cent,  of  Hg.  in  lead  plaster  base.  Used  against 
^anduLir  enlargeraents,  etc. 

Lin.  Hydrarg.,  B.P. — 50  per  cent,  of  Ung.  Hydrarg.,  with  ammonia,  in  Camphor 
tiitiment. 

•Maua  Ilydrargyri  (Mass.  Hydrarg.),  U.S.P.,  Pil.  Hydrarg.,  B.P.  (Blue  Mess,  Blue 
pill). — 33  per  cent,  of  Hg.  Dose,  0.25  Gm.,  4  gr.,  U.S.P.;  0.35  to  0.5  Gm.,  4  to  8  gr., 
B-P.     Used  similarly  to  Calomel. 

*UnguentittH  Hydrar^yri  (Ung.  Hydrarg.),  U.S.P. — 50  per  cent,  of  Hg.,  in  Suet  and 
L*rd.     Used  for  inunction. 
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*Ung,  Hydrarg,  Dil.,  U.S.P.;  Unn.  Hydrarg,  B.P.;  (Blue  Ointment).— 50  percent 
of  Hg.,  in  Suet  and  Lard  (with  petrolatum,  U.S.P.).  Used  especially  against  cutaneoiu 
parasites. 

Ung.  Hydrarg.  Co.^  B.P.  (Scott's  Dressing). — la  per  cent,  of  Hg  and  of  Camphor. 
Used  in  s\-no\*itis,  etc. 

*Oleu'm  Cincreum,  B.P.C.  (Gray  OU).— 40  per  cenL  J 

PREPARATIONS — INSOLUBLE   MERCUROUS   COMPOUNDS 

*Hydrargyri  Chioridum  Mite  (Hydrarg.  Chlor.  Mit.),  U.S.P.;  Hydrargyri  SuhcUor-^^ 
idum  (Hvdrarg.  Subchlor.),  B.P.;  Mild,  Mercurous  Chlorid  (Calomel,  Prolochlorid 
Mercury);  HgCl. — Fine  white  powder,  odorless  and  tasteless.  Practically  insol. 
water  or  ale.  Incompatible  with  alkalies;  oxidizing  acids;  iodids  and  bn.>mids;  and  wit 
a  mixture  of  sodium  bicarbonate  and  anlipvTin  (J.A.M.A.,  56:  2S7,  igii).  Dosr. 
laxative,  0.15  Gm.,  s^i  gr-;  as  alterative,  15  mg.,  H  gr.,  U.S.P.;  0.03  to  o.j  Gm.,  H 
5  gr.  B.P.;  as  powder  or  tablets.     Maximum  dose,  0.6  Gm.,  zo  gr. 

PiL  Hydrarg.  Subchlor.  Co.,  B.P.  (Plummcr's  Pill).— 22  per  cent,  of  Hydrarg.  Sul 
chlor.;  22  per  cent,  of  Antim.  Sulphur;  43  per  cent,  of  Guaiac  Res.     DosCjO,7$  too.5< 
4  to  8  gr..  B.P. 

Ung.  hydrarg.  SubcIUor.,  B.P.  (Calomel  Ointment). — ao  per  cent.,  in  Btnz.  Lard 

*ffydrargyri  lodidum  Flavum  (Hydrarg.  lod.  Flav.),  U.S.P.;Yellow  Mercurous  Ic 
(Mercurous  jodid;  Protoiodid  of  Mercury);  Hgl. — Bright,  yellow  amorphous  powric 
without  odor  or  taste;  almost  insoL  in  water,  wholly  insol.  in  ale.     On  eiqxMiire 
light,  it  darkens  by  decomposition  into  mercuric  iodid  and  metallic  mercuij^ 
compaiihle  with  oxidizing  agents,  alkalies  and  carbonates,  chlorid,  bromids  and 
Do^e,  10  mg.,  Vp  gr.,U.S.P.;  maximum  dose,  0.05  Gm.,  1  gr.  ^^Creen  Iodid"  is  an 
gous  salt  prepared  by  a  different  method.     It  is  said  to  be  less  potent. 

Loti4>  Hydrargyri  Nigra  (Lot.  Hydrarg.  Nigr.),  B.P.;  Black  Mercurial  Lotion  (I 
Wash). — A  suspension  of  mercurous  ond,  obtained  by  mixing  0.685  Gm.  of  '"^ 
with  Q5  c.c.  of  Lime-water  and  s  c.c.  of  Glycerin.     Used  on  venereal  sore* 
ulcers. 

PREPARATIONS — INSOLUBLE   MERCURIC   COMPOUNDS 

Hydrargyrum     Ammoniatum    (Hydrarg.     Ammon.),    U.S. P.,    B.P.;      ^ 

Mercury  (White  Precipitate);  NHiHgCl. — White,  amorphous,  insoluble  po*def, 
obtained  by  precipitating  HgCli  with  ammonia.  Represents  about  80  per  cent  Hj. 
Irritating  ana  not  used  internally.  Employed  externally  against  ccxcroa  and  paraatic 
skin  diswises,  especially  pediculi,  as  dusting  powder,  but  chiefly  as: 

*Ung.  Hydrarg.  Ammon.,  U.S. P.,  lo  per  cent,  in  wooUat  and  white  petrolatum. 
I        *tfng-  Hydrarg.  Ammon.,  B.P. — S  per  cent,  in  Benz.  Lard. 

1  *H^rargyri  Oxidum  Flavum  (Hydrarg.  Oxid.  Flav.).  U.S. P.,  B.P.;  YcUow  Mercuric 
Oxid;  HgO- — Light  orange-yellow  amorphous  powder,  turning  darker  on  exposure  to 
light  Odorless;  somewhat  metallic  taste.  Nearly  insol.  in  water  or  ale.  Ina»- 
patibU  with  acids.     Maximum  dose,  0.03  Gm.,  ^  gr.    Applied  chiefly  as: 

*Ung.  Hydrarg.  Oxid.  Flat.;  U.S. P.,  10  per  cent.;  B.P.,  2  per  cent— It  is  used  in 
ophthalmology  against  inflammations  of  the  lids  and  conjuncti\-a,  being  diluted  «ntjl 
petrolatum  so  as  to  contain  J-fo  to  a  per  cent,  of  the  oxid.    "  Pagenstedber's  Ointment 
contains  4  per  cent. 

Lfl/itf  Hydrargyri  Fhva  (Lot.  Hydrarg.  Flav.),  B.P.:  YcUow  Mercurial  Lot** 
(Yellow  Wash). — A  suspension  of  mercuric  oxid,  obtained  by  mixing  0-46  UgOa.  ■'" 
100  lime-water.     Used  as  application  to  venereal  sores. 

Hydrargyri  Oxidt4m  Rnbrum  (Hydrarg.  0.xid.  Ruhr.).  U.S.P,,  B.P.;  Red  Mercuric 
Oxid  (Red  Precipitate),  HgO. — Orange-red  crystalline  scales  or  powder.  BecaU5c<rfiB 
gritty  character  it  can  not  be  used  on  the  eye,  but  its  Ointment  is  employed  in  iki* 
diseases,  etc. 

Ung.  Hydrarg.  Oxid.  Ruhr.,  B.P. —  lo  per  cent. 

OUatum  Hydrargyri  (Oleat.  Hj'drarg.),  U.S.P. — Made  by  dissolving  *5  per  cent, 
of  yellow  mercuric  oxid  in  oleic  aad. 
I        Hydrar%.  Oleat.,  B.P. — 20  per  cent,  of  Mercuric  Oxid  in  Oleic  Acid. 

Ung.  Hydrarg.  Oleat.,  B.P.— 25  per  cent,  of  the  Oleat.  _.  _ 

Hydrargyri  Bcnzoas,  N.N. R.— Slightly  soluble  in  water.  Used  as  urethral  iajectio" 
1:2000  to  i:  1000,  against  gonorrhea;  and  hypodermically,  0.62  to  0.03  Gm.  io  <ac.t 
of  normal  saline.  . 

•Hydrargyri  Chioridum  Corrosivum  (Hydrarg.  Chlor.  Corr.)  U.S.P.;  ff3**2J^ 
Prryhloridurr.  (Hydrarg.  Perchlor.),  B.P.;  Corrosive  Mercuric  Chlorid  (Corroaive  » 
limate;  Bic;hlorid  or  Pcrchlorid  of  Mercury);  HgCU. — Heavy,  colorless  crystals  or 


MERCURY 


935 


powder  of  acrid  metallic  taste.  Slowly  sol.  in  water  (i:  13.5).  freely  sol.  in  ale.  Cx:  j.8), 
sol.  in  glyc.  {1:12)  or  eth.  (1:2a).  Its  solubility  in  increased  by  ammonium  or  sodium 
chlorid  and  tartaric  or  citric  acid  ("Sal  .Vlembrolh"  =  3  parts  HgCli.  1  part  NaCl). 
Incompaiible  with  alkalies  and  carbonates;  iodids;  many  alkaloids  and  other  organic 
compounds  and  retlucing  agents.  Dose,  ^  mg.,  >^o  gr-i  U.S.P.;  2  to  4  mg.,  Hz  to  Ha 
gr.,  B.P.     Maximum  dose.  30  mg.,  '•i  gr. 

Liq.  IJydrarfi.  Pcrcklor.,  B.P.— o.i  per  cent.     Dosc^  J  to  4  c.c,  H  to  i  dram.  B.P. 

*ToxikthcU<t  llydrar^yri  Chliftidi  Corroiivi  (Toxitab.  Hydrarg.  ClUor.  Curr.)  U.S.P.; 
Poison  Tablets  of  Corrosive  Mercuric  Chlorid  (Corrosive  Sublimate  Tablets;  Bichlorid 
Tablets). — In  order  to  guard  against  accidents,  the  U.S. P.  directs  these  tablets  to  be  of 
an  angular,  not  disk  shape,  each  having  the  word  *' Poison"  and  the  skull  and  cross  bones 
design  distinctly  stamped  upon  it.  Each  tablet  contains  not  less  than  0.45  Gm.  nor 
more  than  0.5s  Gm.  o?  HgCU,  and  about  0.5  Gm.  of  NaCl,  and  is  to  be  colored  blue, 
preferably  with  sodium  indigotindisulphonate.  Poison  Tablets  of  Corrosive  Mercuric 
Chlorid  should  be  dispensed  in  securely  stoppered  glass  containers  on  the  exterior  of 
%vhich  is  placed  a  red  label  bearing  the  word  ** Poison  "  and  a  statement  of  the  amount  of 
corrosive  chlorid  in  each  tablet.  A  tablet  to  a  pint  of  water  makes  an  approximately 
i:  1,000  solution. 

HydrarR.  Cyan.,  N.N.R.;  Hg(CN)j.— Sol  in  water  (1:12.8)  or  alc.(i:is).  Used 
like  Hvdrarg.  Chlor.  Corr.     Maximum  dose,  20  mg.,  J^  gr. 

HydroTK,  Oxycyan.,  N.N.R.;  Hg(CN),HgO.— Sol.  m  water  (1:17).  Used  like 
Hydrarg.  Chlor.  Corr.;  said  to  be  less  irritating  and  docs  not  corrode  metals. 

(nie  preparation  first  used  as  "oxycyanid"  was  a  mixture  of  one  part  of  the  true 
oxycj'anid  with  two  parts  of  mercuric  cyanid). 

^flydrargyri  lodidiim  Ritbrum  (Ilydrarg.  lod.  Rubr),  U.S. P.,  B.P.;  Red  Mercuric 
lodid  fBiniodid);  Hgl;. — Scarlet  red  powder,  odorless  and  tasteless.  Nearly  insol.  in 
water,  slightly  sol.  in  ale.  (i:  its);  rendered  sol.  in  M-atcr  by  the  presence  of  four-fifths 
its  weight  of  Ki  or  Nal.  Incompatible  with  alkalies  and  carbonates  and  alkaloids. 
Dose,  3  mg.  Ho  gr.,  U.S.P.;  i  to  4  mg.,  Ha  to  He  gr->  B.P.    Maximum  dose,  20  mg.. 

Ung.  H^rarg.  lad.  Ruhr.,  B.P. — 4  per  cent. 

*Potas5U4m  Mercuric  lodid,  N.N.R.;  K^Hgl^. — This  is  usually  made  as  extempo- 
raneous solution,  by  disolving  Hgl-  or  HgClj  in  excess  of  Kl  (1:4).  For  intra- 
muscular injection,  the  corresponding  sodium  salt  is  preferred  (Hglj  «  i;  Nal  «  3; 
Water  «  100). 

{*Liq.  Arsen.  et  Hydrarg.  lod, — Sec  Index.) 

liq.  Hydrarg.  Nit.  Acid.,  B.P. 

Vng.  ilydrarg.  Nit.,  U.S.P.,  B.P.  (Citrine  Ointment). — 7  per  cent,  of  Mercury, 
dissolved  in  Nitric  .Acid,  and  diluted  with  i^rd  (and  olive  oil.  B.P.).  Used  as  antiseptic, 
irritant  and  caustic. 

Ung.  Ilydrarg.  Nit.  DU.,  B.P. — ao  per  cent,  of  the  Ointment. 

*ffydrargyri  Saiiryhs  (Hydrarg.  Salic).  U.S.P. — .\  compound  of  mercury  and 
salicylic  acid  containing  about  57  per  cent.  Hg.  While,  slightly  yellowish  or  slightly 
pinkish  powder;  odorless  and  la.steless.  Nearly  insol.  in  water  or  ale;  sol.  in  alkalies, 
forming  a  double  salt.  InrampaiihU  with  alkalies.  Dose,  4  mg.,  3^5  gr.,  U.S.P. ;  intra- 
muscular. 0.6  c.c.  of  10  per  cent,  suspension  in  oil  every  four  days.  Maximum  dose, 
20  mg.,  H  gr. 

Bydrargyri  Succinimidum  (Hydrarg.  Sucdnim.).  N.N.R. — Sol.  in  water  (1:75); 
slightly  sol.  in  ale.  (1:300).  Dose,  10  to  15  m^.,  ^  to  H  K^-i  Intramuscular,  0.5  to 
I  c.c.  of  2.5  per  cent.,  dailv.     Relatively  non-irntant. 


LEAD 

General  Statement — The  lead  salts  precipitate  proteins  and  therefore 
act  as  local  astringents.  Their  acute  toxicity,  however,  is  low.  They 
are  fairly  easily  absorbed  but  very  slowly  excreted,  so  that  they  lend  to 
produce  cumulative  effects  and  chronic  poisoning.  This  is  a  common 
disease  with  characteristic  symptoms:  Nutritional  and  structural  changes 
(anemia,  etc.);  paro.xysmaI  colic  (stimulation  of  the  nervous  mechanism 
of  the  intestines);  "drop-wrist"  and  other  muscular  paralyses  (direct  de- 
pression of  the  muscle);  central  motor  stimulations  (tremors,  "arthral- 
gia"); psychic  cHanges  ("encephalopathia");  etc.    On  withdrawal,  these 
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phenomena  generally  recede;  but  the  patient  is  apt  to  remain  in  bad 
health.     Prophylaxis  is  more  important  than  treatment. 

Astringent  Actions, — ^Lead  acetate  and  subacetate  ("lead  water") 
produce  more  astringent  and  less  irritant  effects  than  other  soluble  metal- 
lic salts.  They  are  effective  in  diarrhea  and  catarrhal  inflammations; 
but  they  are  so  liable  to  produce  chronic  poisoning  that  they  should  never 
be  used  internally  nor  on  open  surfaces;  and  even  on  the  skin  their  use 
should  not  be  long  continued.  "Lead  and  opium  wash"  is  used  in  super- 
ficial contusions.  Saturated  alcoholic  solution  of  lead  acetate  is  especially 
effective  in  Rhus  ("Ivy")  poisoning.  Emplastrum  Plumbi — "Diachylon 
plaster" — acts  as  a  mild  irritant. 

ACUTE  LEAD  POISONING 

This  is  a  rather  raVe  intoxication,  generally  produced  by  the  acetate  or  subacetate, 
sometimes  by  the  carbonate  (white  lead).  The  phenomena  are  at  first  local  and  not 
immediately  dangerous,  but  they  are  generally  followed  by  chronic  poisoning. 

The  best  treatment  is  the  administration  of  some  soluble  sulphate  (magnesium  or 
sodium),  which  may  save  animals  from  several  times  the  fatal  dose  (Dauwe,  1907)- 
Tannin,  milk  and  eggs  may  also  be  used.  The  stomach  must  then  be  washed  and  a 
cathartic  administered.     Colic  is  treated  symptomatically,  as  in  chronic  poisoning. 

Phenomena  of  Acute  Poisoning. — There  is  first  a  sweet,  then  disagreeably  metallic 
and  astringent  taste.  In  a  few  minutes,  sometimes  in  several  hours,  there  is  vomiting 
(which  is  often  milky  with  lead  chlorid),  burning,  abdominal  pain  and  thirst;  then 
obstinate  constipation  or  diarrhea  with  black  stools  (lead  sulphid). 

Severer  cases  show  collapse  with  slow  pulse;  or  muscular  cramps  and  colic.  Fat&l 
cases  pass  into  coma  with  or  without  convulsions.  The  fatal  dose  lies  above  50  Cm. 
Postmortem,  there  is  little  characteristic,  except  the  local  astringent  changes. 

Most  patients  recover,  apparently  completely,  in  two  or  three  days;  but  after  a  few 
weeks  they  show  the  phenomena  of  chronic  poisoning  (also  animals,  Dauwe,  1907). 
Application  to  the  surface  (lead  wash,  Diachylon  plaster)  has  rarely  if  ever  caus(»J  acute 
poisoning  (Paessler,  1894).  Diachylon  pills  (as  abortifadent)  have  proven  toxic  (A. 
Hall  and  Ransom,  1906;  W.  F.  Warner,  1907). 

ABSORPTION 

All  lead  compounds  are  absorbed  slowly  but  unmistakably;  chiefly 
from  the  alimentary  tract,  but  also  from  the  lungs  and  tissues;  and  with 
long-continued  use  even  somewhat  from  the  skin  (Lewin,  1883). 

The  skin  is  [Probably  the  least  important  channel.  It  probably  plays  no  part  in 
industrial  poisoning.  The  lungs  are  also  of  subordinate  importance,  the  toxicity  of  the 
lead  dust  being  due  to  swallowing  rather  than  to  inhalation  (Carlson  and  Wodfd, 
1913- 

Absorbability  of  Different  Compounds  (Cf.  A.  Hamilton,  191 2). — This  is  independ- 
ent of  their  solubility  in  water.  Lead  carbonate  and  even  lead  sulphate  are  dissolved 
fairly  readily  by  the  aid  of  the  gastric  juice.  Alkalies,  including  milk,  diminish  the  solu- 
tion (Carlson  and  Woelfel,  1913).  Alkalies  of  the  concentrAion  of  the  pancreatic ud 
intestinal  juices  convert  lead  sulphate  into  carbonate  and  lead  carbonate  mto  a  mixture 
of  neutral  and  basic  carbonate  (Auerbach  and  Pick,  1913).  Lead  is  also  rendered  solu- 
ble on  the  bronchial  mucosa.  Presumably  it  forms  soluble  protein  combinations.  Tfce 
sulphid  was  supposed  to  be  inabsorbable,  but  Woelfel  and  Carlson,  1914  showed  thatitis 
absorbed  suflSciently,  even  from  ores,  to  be  dangerous.  The  toxicity  of  the  various 
lead  pigments  is  reviewed  by  k.  Hamilton,  1913. 

RETENTION 

Lead  disappears  rapidly  from  the  blood  (the  greater  part  in  less  than  two  minutes 
after  intravenous  injection;  Dauwe,  1907).  The  main  part  is  deposited  in  the  wgaus 
(Kobert);  most  in  the  kidneys,  then  the  bones,  then  the  liver  and  other  glands,  least  Id 
the  brain,  striped  and  smooth  muscle  and  the  blood.  It  may  be  retained  for  years  and 
be  demonstrable  at  times  in  the  urine.  In  chronic  poisoning  of  do^  it  exists  in  the  Hvcr 
as  a  firm  globulin  combination  (Riva,  1913). 
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EXCRETIOIT 

This  occurs  mainly  by  the  feces  (small  and  large  intestines  and  bile), 
and  to  a  lesser  extent  by  the  urine;  traces  also  by  the  saliva,  sweat  and 
milk. 

/\U  is  excreted  in  organic  conibimttion,  except  the  unabsorhcd  fraction  in  the  feces 
(Erlenmeyer,  igi.s).  The  skin  is  usually  credited  with  some  excretion  because  it  gives 
the  black  color  oi  lead  sulphid  when  painted  with  ammonium  sulphid;  but  Miura  louod 
that  this  depends  simply  on  the  adherence  of  lead  to  the  skin. 

/..ead  in  Urine  in  ChronU  Poisoning. — Some  investigators  found  it  only  exceptionally; 
but  L-  D.  Harris,  igift.  found  it  present  in  about  half  the  painters  that  showed  clinical 
signs  of  nlumbism,  and  in  a  f^j^  of  those  that  did  not  snow  any  clinical  symptoms. 
This  coDorn^  the  apiiiion  of  Oliver,  1914,  that  it  is  an  important  aid  to  diagnosis. 

CHfiOmC  LEAD  POISONING 

This  is  ver\'  common  on  account  of  the  extensive  industrial  use  of 
lead  and  its  indefinite  storage  and  cumulative  action.  Tlic  lead  acts 
independently  on  the  blood,  nutrition,  muscular  and  nervous  structures; 
and  it  is  difficult  to  separate  the  direct  and  indirect  actions.  Similar 
phenomena  may  be  produced  in  animals. 

Sources  of  Chronic  Lead  Poisoning.— Over  a  hundred  industrial  processes  use  lead 
or  one  of  its  salts,  and  tlie  workers  in  thew! — painters,  dyers,  tj'pe-scttcrs  and  type- 
founders, plumbers,  etc. — are  the  most  frequent  sulTerers  after  lead  miners  and  the 
workingmen  in  white-lead  and  red-lead  factories.  Artisans  working  with  leiid  paints 
are  by  far  the  most  common  victims.     Automobile  factories  furnish  numerous  victims. 

Aniongst  paitUrrSf  about  40  per  cent,  show  active  symptoms.  Less  than  half  of 
those  who  have  passed  the  age  of  40  years  are  free  from  plumbism.  The  heaviest 
incidence  is  among  those  who  have  been  painters  for  10  years  or  more  (Harris,  iqiS). 

Comprehensive  reviews  of  industrial  lead  poisoning  arc  given  by  A.  Hamilton 
(potteries,  IQ12;  painters'  trades,  ipTjt;  lead  smelting,  iqi4). 

The  occurrence  of  chronic  lead  poisoning  is  by  no  means  confined  to  these  artisans. 
The  metal  is  so  widely  distributed  that  every  one  is  to  some  extent  exposed.  Some  of 
the  ways  in  which  poisoning  has  occurred  are  rather  5Ur|>rising,/.i.,  by  kair  dyes. 

The  smoke  and  fumes  from  lead  factories  contain  quite  a  large  amount  of  the 
metal.  Thin  is  deposited  on  the  soil  and  on  the  surface  of  plants,  and  is  also  taken  up 
into  the  tissuet^  of  the  latter.  Cases  of  poisoning  have  been  referred  to  the  milk  of 
cow-»  fed  on  these. 

ThcfruU  from  orchards  that  have  been  sprayed  with  lead  arsenate  contains  traces 
of  lend  (Sonntag,  1915I;  but  probably  not  sufficient,  ordinarily  to  be  harmful. 

The  danger  from  Uad  WiUer  pipes  has  been  much  iontrovcrled.     * 

At  nresent  it  seems  to  he  accepted  thai,  if  perfectly  pure  water  is  allowed  to  flow 
througn  bright  and  clean  lead  pipes,  poisoning  results  mvariably.  In  this  case  the 
surface  of  the  lead  is  changed  into  a  hydrate  (Clowes,  1903J,  and  thi.s  is  sufficiently 
st^Iublc  to  cause  the  into.xication.  Rut  the  danger  is  very  much  less  with  old  lead  pipes 
as  ordinarily  used;  these  have  become  lineil  with  a  layer  of  lead  o\id,  PbO  -f  Fb. 
This  is  quite  insoluble,  and  docs  not  readily  form  a  hydrate.  The  solubility  is 
increased  by  oxygen  and  salts,  especially  by  nitrates  (Fortner.  1005),  hut  even  by 
sulphates;  it  is  diminished  by  carijonic  acid  and  carbonates  (Paul,  etc.,  ic>o6). 

Ordinarily  lead  pipes  would  therefore  present  but  little  danger.  But  even  then,  if 
the  water  is  allowed  to  stand  a  long  time  m  the  pipes,  some  solution  is  bound  to  occur 
On  account  of  this  danger,  Uad  pipes  should  be  condemned. 

The  employment  of  lead  vessels  for  cooking  should,  of  course,  be  entirely  discarded. 
Tinned  vesseJs,  especially  tin  cans,  usually  also  contain  a  certain  amount  of  lead  in  the 
solder.  If  the  percentage  does  not  exceed  a  certain  limit  (10  per  cent,  for  solder,  i  per 
cent,  for  tin  plate)  the  lead  seems  so  firmly  combined  in  the  alloy  as  to  prevent  its  solu- 
tion even  by  moderately  acid  liquids,  such  as  vinegar.  If  it  exceeds  this  quantity,  a 
certain  amount  will  be  dissolved,  and  will  exert  its  to.xic  action.  The  addition  of  some 
lead  is  also  necessary  in  tin-foil,  such  as  is  used  for  wrapping  articles  of  food,  to  make 
the  tin  workable.  Here,  also,  it  is  harmless,  if  it  does  not  exceed  a  certain  limit.  Lead 
enters  into  the  glazing  of  earihen'Mnre  vessels,  and  is  contained  Ln  many  varieties  of  glass: 
but  if  it  exists  entirely  in  the  form  of  silicate  of  lead,  it  presents  no  danger.  All  these 
Vessels  may  be  easily  tested  with  sufficient  accuracy  by  allowing  vinegar  or  dilute  acetic 
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add  to  stand  in  them  for  twenty-four  hours  and  then  passing  a  current  of  Aulphtirettcd 
hydrogen  through  the  liquid.  If  there  is  no  precipitate^  the  amount  of  leaa  i&  bdow 
the  dangerous  limit. 

It  is  somewhat  peculiar  that  Uad  bullets  in  a  wound  do  not  usually  seem  to  exert  cht 
lead  action.  They  probably  become  iucapsulated  and  oxidized  in  such  a  way  that  none 
of  the  metal  is  absorbed.  However,  uith  small  shot,  which  o0t:rs  a  Urge  surface, 
several  cases  of  severe  and  fatal  poisoning  have  been  reported  (Curtillet  and  Lombard. 

1012). 

Individual  Susceptibility. — There  is  no  acquired  tolerance  to  lead,  but  the  natur&l 
susceptibility,  varies  greatly  as  concerns  the  time,  severity  and  symptoms  of  poisoRJn;. 
These  diJfferenccs  depend  partly  on  personal  and  factory  hygiene,  partly  on  diflercnct^ 
of  absorption  and  excretion;  on  general  health  and  resistance;  and  other  unlcoowa  fac- 
tors.    Anemia  and  alcoholism  are  believed  to  increase  susceptibility. 

The  quantity  of  lead  required  to  produce  poisoning  is  not  dcHnitcly  known  and  musi 
vary  with  the  susceptibility.  Brouardel  believes  that  poisoning  may  result  from  i 
mg.  per  day;  others  place  it  much  higher.  Gacrtner  claims  that  symptoms  occur  iri 
man  only  after  several  months  witli  a  daily  ingestion  of  4  to  7  mg.,  in  three  to  four  wcek^ 
if  the  daily  dose  is  60  mg.  (Kluegge  and  Hcffter,  1912). 

The  length  of  exposure  varies  greatly;  from  a  week  or  less,  upward. 

Characteristic  Symptoms  of  Chronic  Lead  Poisonmg  (Cf.  Alice  Hamil- 
ton, 191 2). — These  have  a  slow  and  vague  beginning  and  run  an  irrcguUf 
and  inlermittenl  course,  with  paroxysmal  symptoms  and  recurrences. 
They  may  develop  only  some  months  after  stopping  work  with  lead. 
They  are  quite  independent  of  the  channel  of  introduction. 

The  first  signs  are  rather  indefmite  manifestations  of  bad  hcaldi: 
Pallor,  disproportionate  to  the  anemia  (spasm  of  cutaneous  vessels?); 
lead-iinf;  foul  breath,  bad  taste,  caries  of  the  teeth,  gingisnlis,  oft 
chronic  parotitis.  Anorexia  and  various  digestive  disturbances:  Naus«», 
vomiting,  diarrhea  or  constipation.  Loss  of  flesh,  especially  in  the  checb 
Recurrent  attacks  of  weakness  and  trembling;  incrta^ing  loss  of  strenfih; 
spots  before  the  eyes,  itching  of  the  eyelids;  rheumatic  pains. 

There  is  cachexia,  with  the  skin  dry,  gray  or  slightly  icteric. 

Blood  Changes. — The  hemoglobin  and  red  corpuscles  are  diminbhed. 
The  latter  contain  basophilic  granules,  staining  with  methylene  blue. 
This  "stippling''  is  an  important  early  and  almost  constant  dia^^osUt 
sign  (\'an  Emdcn  and  Klccrckopcr,  1004);  although  the  basophilic  gran- 
ules may  occur  also  in  other  anemias,  and  are  sometimes  absent  in  Ita*i- 
poisoning.  Many  of  the  corpuscles  are  destroyed,  producing  icterus  anfi 
widely  tUslributed  ''hemosiderin."  Schnitter,  1915,  attributes  the  blood 
changes  to  injur>'  of  the  bone-marrow,  involving  also  the  leucoblistk 
tissue. 

The  Lead-line, — This  consists  in  a  slate-covered  margin  of  the  gtios 
where  they  meet  the  teeth.  It  is  one  of  the  earliest  and  most  constifli 
signs,  and  occurs  also  in  animals.  It  is  due  to  the  precipitation  of  W 
sulphid  (Ruge).  Similar  lines  are  given  by  bismuth,  silver,  mercury,  iron, 
and  perhaps  other  metals.  It  may  also  be  simulated  by  charcoal  tooth- 
powders. 

Other  Gerteral  Phenomena  occur  later:  Fatty  degenerations  m  the  kidneys,  liver  u^ 
other  glands;  and  in  the  intima,  leading  to  arteriosclerosis. 

Goutf  with  urate  deposits  similar  to  those  of  true  gout,  but  always  containixiig  ntact 
lead. 

Nephritis  is  common  in  acute,  and  invariably  present  in  chroi^c  r   "      '   "     Ili* 
primarily  vascular,  followed  by  epithelial  degeneration,  dt:[)osiliop  pfcfl*- 

phatc,  and  finally  cirrhosis  (Bright,  1827).     The  uric  add  and  non-pau.;.  ......>ge»c' 

the  blood  are  increased  (Folin  and  Denis,  IQ13). 

The  urine  ilow  and  chlorids  arc  diminished  during  the  colic,  increased  after  tbel^ 
tack  (Nistico,  rgi^);  the  urinar>'  nitrogen  increases  during  the  acute  attacks;  the  nric 
add  is  said  to  be  diminished  during  attacks  (Ooctze,  i893)< 
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Frequauy  of  IttdividiuU  Symptoms. — Harris,  iqiS,  found  the  named  symptoms  to 
occur  in  the  foliovviriR  percentage  of  active  cases  among  painters: 

Constipation,  72  per  cent. 

Digestive  disturbances  generally  are  frequent. 

hoss  of  weight  and  of  muscular  strength  are  also  common  complaints. 

Backache  (generally  lumbar)  56  per  cent. 

Arthralgias,  56  per  cent 

Anemia,  5J  per  cent 

Colic,  51  per  cent. 

Headache,  severe  frontal,  46  per  cent. 

Lead  in  urine,  46  per  cent. 

Hypertension  (above  140  mm.)  39  per  cent. 

Pain  in  chest,  35  per  cent. 

JVIetallic  taste,  18  per  cent.     (This  has  no  connection  with  the  lead-line). 

Leadline,  14  per  cent. 

Stippling,  12  per  cenL 

Wassermann  test;  negative,  except  tn  luetics. 

Pregnancy. — Ixad  always  exerts  an  unfavorable  influence  upon  pregnancy.  The 
numlter  of  miscarriages  in  women  aflected  by  lead  poisoning  is  verj'  large;  and  of  the 
chUdrcn  born,  by  far  the  largest  proportion  die  during  the  first  year  of  life  (Legge,  1901), 

Plumbism  of  Father  on  Offspring. — The  clinical  evidence  is  auite  slender.  Ster- 
ility, still-birth .  and  early  death  of  the  children  are  common  clinical  occurrence.  If  the 
children  survive,  they  arc  particularly  liable  to  various  nervous  atlections  (Adami). 
Experimental  feeding  of  lead  acetate  to  male  rabbits  and  fowl  also  result  in  smaller 
ofTspring  of  low  vitality  (Cole  and  Hachhuber,  1914).  Weller,  1914-1916,  confirmed 
this  on  male  guinea  pigs  fed  on  lead  carbonate;  finding  sterility  or  reduction  of  birth- 
rate, early  death  of  the  fetus,  and  especially  retarded  development  (underweight), 
which  persists  through  life. 

In  most  of  tlic  lead-fed  guinea  pigs,  there  are  no  demonstrable  histological  changes 
in  the  testes;  a  few,  however,  show  complete  aspermatogenesis,  with  atrophy  and 
vacuolar  degeneration  of  the  germinal  epithelium. 

Gradual  recovery  occurs  if  the  administration  of  the  lead  is  stopped,  indicating 
that  the  deleterious  action  is  confined  to  the  maturing  cells. 

The  literature  of  the  effects  of  lead  on  reproduction  is  reviewed  by  Wcller,  1915. 

Bone-marrow  Changes. — These  correspond  to  those  produce<l  by  mercury,  iron, 
phosphorus;  and  many  infective  and  wasting  diseases.  They  are  perhaps  secondary  to 
anemia.  At  first  there  is  marked  Increase  of  Icucoblastic  cells  with  disappearance  of 
fat.  and  sometimes  with  moderate  hyperemia;  then,  gelatinous  degeneration  and  atrophy 
of  the  whole  marrow  tissue  {R.  Stockman  and  Charleris,  1903). 

Later  Special  Symptoms. — These  are  highly  characteristic,  but  may 
take  various  forms;  in  order  of  frequency:  Colic,  arthralgia,  (>aralysis, 
nephritis,  cerebral  symptoms  and  anesthesias. 

Colic. — This  is  preceded  by  continued  minor  digestive  disturbances; 
pressure  sensation  in  the  epigastrium;  anorexia;  obstipation;  and  some 
abdominal  tenderness.  The  acute  attacks  consist  of  paroxysms  of  in- 
tense pain,  radiating  from  the  umbilicus,  and  relieved  by  pressure.  The 
patient  therefore  instinctively  retracts  the  abdomen  so  that  this  often 
appears  boat-shaped  (scaphoid);  and  he  may  lie  on  the  face  with  the  fists 
pressed  against  the  painful  region.  The  skin  is  very  pale  and  dry;  the 
temperature  low;  the  blood  pressure  high;  the  pulse  hard,  wiry  and  slowed, 
often  to  40  or  50.  The  colic  is  sometimes  accompanied  by  dyspnea 
(spasm  of  the  bronchial  muscles);  and  sudden  severe  musctilar  pains, 
especially  in  the  flexors  of  the  legs. 

After  some  hours  the  pain  disappears  completely;  but  the  constipation 
lasts  some  days.  Nausea  and  vomiting  are  frequent.  Relapses  are  the 
rule.  The  colic  is  very  painful  but  not  dangerous.  Attacks  arc  more 
frequent  in  summer.  The  action  is  presumably  on  the  intrinsic  nervous 
mechanism.  X-ray  examination  shows  spasmodic  contractions  of  the 
small  intestines  (Hertz). 
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Blood  pressure  and  Circulation. — It  is  generally  assumed  that  lead  poisoninf;  is. 

companied  by  rise  of  blood  pressure  and  vasconstriction.  This  is  true  for  the  col 
atlnckii  (Riegeland  Frank,  1S74),  where  it  may  be  explained  bi'thc  mechanical  di^pbc 
meat  of  blood  from  the  Wolent  contraction  of  Uie  intestines,  and  by  pain-rcHcxcs. 

Welch  and  Mall  have  pointed  out  that  violent  contraction  of  the  intestines  resul 
in  complete  exclusion  of  tne  blood  from  the  contracted  areas.  There  are  few  de&nil 
data  as  to  the  blood  pressure  at  other  times.  The  pallor  of  the  skin  points  to  vasocot 
striction.  In  advanced  stages  the  arteriosclerosis  and  nephritis  would  raise  ihe^' " 
pressure.     Quellien,  igo^,  believes  that  the  pressure  is  raised  even  in  acute  potM 

In  his  animal  experiments  Harnack  (sec  below)  found  no  rise  or  other  direct 
in  the  circulation,  except  with  fatal  doses.     These  paTal>'zed  the  heart  and  respintoi 
muscles  in  common  with  the  skeletal  muscles. 

Arthralgia. — This  also  occurs  in  paroxysms.  After  some  precedii 
muscular  weakness  there  are  sudden  attacks,  generally  at  night,  of  violeal 
remitting  pains  and  disturbed  functions  of  groups  of  muscles,  especially 
those  of  tlie  shoulder  and  the  flexors.  Pressure  gives  some  relief.  The 
attacks  last  generally  from  live  to  eight  days  and  often  recur.  The  phfrj 
nomena  are  probably  due  to  central  motor  stimulation. 

Drop-wrist  and  Other  Muscular  Paralyses. — Special  groups  of  musch 
most  commonly  the  extensors  of  ihc  forearm  (distribution  of  musci 
spiral  below  supinator  longus),  or  others  most  exposed  to  fatigue,  becoi 
gradually  paralyzed.  The  condition  generally  begins  with  weakn< 
tremors  and  disturbed  sensation  and  passes  through  progressive  paralj 
sis,  with  the  "reaction  of  degeneration"  (muscles  respond  to  galvai 
and  not  to  faradic  stimulation).  Finally  there  is  muscular  atrophy  ai 
contracture.  The  contracture  begins  usually  at  the  metacarpo-cai 
articulation  of  the  two  middle  fingers,  then  the  two  outer  fingers  and 
thumb,  and  then  the  wrist.  The  action  is  peripheral  and  presumabl 
directly  on  the  muscle  (see  below).  There  is  no  pain.  Restoration  ma^ 
occur  even  from  advanced  stages. 

Encephalopaihia  5a/«riw/w. ^Cerebral  symptoms  are  relatively 
but  especially  liable  to  occur  in  alcoholics.  They  indicate  a  grave  pn 
sis.  The  phenomena  consist  in:  Hallucinations,  illusions,  debrium, 
melancholia,  pseudoparalyses,  coma,  and  epileptiform  convulsions.: 
(Convulsions  may  also  occur  from  uremia.)  Neurasthenia  is  very  frt-j 
quent  (Hirsch,  1914). 

Occasional   nervous  pften^ymena  are:   Neurolagia,   anesthesias  and   hi 
occurring  in  attacks  of  eight  to  eleven  days*  duration;  amaurosis,  arabl 
deafness. 

Experimental  Chronic  L«ad  Poisoning  in  Animals. — This  was  produced  hy  Horeick. 
1878,  by  using  an  organic  compound,  lead  triethyl,  Pb(CjH»)|.     U  docs  no!  cause 
lead  effects  directly  but  only  as  its  lead  is  liberated  in  the  body.    The  rapidity  »»1 
intensity  of  the  action  can  thus  be  rcKulatetl  by  the  dose  and  mann<  r  ..i  inir,  ti..; 
Effects  closely  resembling  those  of  lead  poisoning  are  secured  suffici. 
pharmacologic  study.     The  nutritional  and  degenerative  changes  are  t  - 
This  simplifies  the  phenomena,  but  for  this  very  reason  some  judgtiienL  must  I* 
in  transferring  the  results  to  dinical  lead  poisoning.     W.  Strauh,  iqii  und  iQti,  &odJ 
Erlenmeyer,  iqi  ?,  have  also  produced  chronic  lead  poisoning  by  hx'podermic  ifljtctio»' 
of  the  insoluble  salts. 

A  ver>'  typical  form  occurs  in  fowls  who  liave  swallowed  lead-shot.     The  o 
are  especially  favorable,  since  the  shot  remains  in  the  giz^ird;  su  shots  killing 
a  few  weeks,  after  muscular  paralysis,  emaciation,  and  increased  peristaLiis  (. 
more,  iqiq:  HanzUk,  iqzo). 

The  actions  may  be  brought  under  three  groups:     Direct  depression  kA  w\ 
stimulation  of  the  central  motor  system;  and  stimulation  of  the  intrmsic  nervous 
anism  of  the  intestines. 

Muscular  .AcHons. — I-ead  acts  directly  on  all  striped  muscle,  so  that  this  is 
more  quickly  fatigued  (especially  if  moderately  warmed,  Cash.  1908).     Kinalh-  the 
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-cle  loses  its  excitability  and  goes  into  piirtial  rigor.  The  phenomena  arc  exhiWted  by 
Isolated  and  curarized  muscle.  This  action  esqiUins  the  lead  pahy  and  the  reaction  of 
Tcgeueration;  i.e.,  a  ^uod  response  to  the  single  galvanic  stimulation,  and  a  poor  response 
to  the  fatiguing  technic  faradic  stimulation.  There  is  no  predilection  for  special  mus- 
kdes.  so  that  the  peculiar  location  of  lead  paralysis  must  be  determined  by  fatipue 
IMellon,  1913). 

'  Central  Molar  System. — Its  stimulation  results  in  ataxia,  tremors,  twitching  and  con- 
vulsions with  intact  consciousness.  The  action  is  prcsumahij'  located  in  the  mid-  and 
iiindbrain.  _  These  effects  are  supposed  to  represent  the  clinical  cncephalopathiu  and 
aniirnl;7ia;'the  pain  being  attributed  to  muscular  twitching.  However,  tlic  connection 
lis  not  absolutely  clear. 

I  /Vnimals  show  no  sign  of  pain  but  this  may  be  because  they  seem  to  be  much  less 
sensitive  to  articular  pain  tnan  man.  They  also  show  very  little  distress  if  acute 
mrthritis  is  produced  by  uric  acid  injection. 

i  IntestitMl  Kferts.— These  consist  in  spasmodic  contraction  and  increased  peris- 
[talsis.  These  results  in  painful  colic  and  generally  diarrhea,  but  sometimes  obstipation, 
according  to  whether  the  peristalsis  or  the  spasm  predominates.  It  occurs  in  all  ani- 
,Tnals  and  is  easily  abolished  by  atropin.  Tnc  human  colic  is  not  so  easily  influenced 
Iby  this  drug,  but  otherwise  the  phenomena  correspon*l  very  closely  and  may  be 
explained  by  stimulation  of  the  intrinsic  motor  ganglia.  .Another  theorv*  which  attri- 
butes the  colic  to  spasm  of  the  mesenteric  vessels  is  not  supported  by  evidence.  The 
rve&scls  are  indeed  constricted;  but  this  is  the  effect  rather  than  the  cause. 

Hirschfelder.  iqt;.  describes  acute  bcrcasc  of  peristalsis  and  contraction  of  the 
intestinal  vessels  by  intravenous  injection  of  lead  acetate.  Both  phenomena  arc  relieved 
by  local  or  systemic  administration  of  atropin,  nicotin,  or  nitrites.  The  action  of  the 
Ixutrite  is  probably  both  on  the  vessels  and  the  intestinal  muscle. 

I  Experimental  colic  was  produced  by  F.  Wassermann,  igi6,  by  keeping  cats  in  cages 
Sprinkled  with  sawdust  and  lead  carbonate.  Feeding  a  barium  meal  after  the  toxic 
leymptoms  had  set  in,  he  found  by  X-ray  examination  that  the  gastric  movements  were 
jpraclically  normal.  The  sraull  intestines  showed  apparently  less  segmentation,  but 
more  rapid  passage  of  the  food.  In  the  targe  intestines,  the  passage  was  delayed,  but 
there  was  lively  peristalsis,  with  strong  contraction  rings,  separated  by  dilated  segments. 

Durinc;  the  colic  attacks,  the  small  intestine  contracted  to  a  thread;  the  large  intes- 
tine exhibited  nothing  special. 

Wasscrmann  refers  Lne  effects  to  vagus  stimulation. 

Chronic  Nfphritis. — This  was  described  in  animals  by  Charcot  and  Gombault.  188 1; 
Hod  studied  esf>ecially  by  OphUls,  1908  and  tgi  2.  It  is  chiefly  interstitial,  exceptionally 
Vith  epithelial  changes.  Many  animals  showed  hemorrhagic  serolibrinous  inflamma- 
tion of  serous  membranes.  Lead  administration  does  not  produce  artcrioscUrolu 
changes  in  dogs  fAdler,  1914). 

Hepatic  Cirrhosis. — This  is  produced  in  animals  by  lethal  or  slightly  sublethal  doses 
of  lead  (Mcjunkin,  19x5). 

Diagnosis  of  Plumbism. — The  chief  points  may  he  recapitulated  as: 
The  history  of  exposure;  lead-line;  ammonium  sulphid  reaction  on  the 
skin;  black  stools;  especially  the  chemical  demonstration  of  lead  in  the 
stools  or  urine;  pallor,  anemia,  stippling,  pinched  features,  asthenia,  rheu- 
matic pains,  digestive  symptoms,  colic,  obstipation,  drop-wrist,  recovery 
when  removed  from  exposure  to  lead.  The  concurrence  of  most  of  these 
signs  is  highly  characteristic;  but  none  of  them  is  absolutely  constant,  and 
most  may  he  simulated  individually  by  other  conditions  (Linenlhal,  1914). 
Prophylaxis. — The  public  and  especially  the  artisans,  should  be 
thoroughly  educated  to  the  insidious  dangers  of  lead,  and  the  chances  of 
poisoning  carefully  guarded  against. 

The  sources  of  danger — lead  pipes,  etc.— should  be  eliminated.  Tin 
^cans,  foil,  etc.,  should  be  frcfjucnlly  examined  by  authorized  persons. 

Proper  precautions  are  required  in  lead  factories  and  in  exposed  trades. 

Lead-laden   dust   is  especially   dangerous.     Since   the   main   channel   of 
H  poisoning  is  by  the  mouth,  extreme  cleanliness  should  be  encouraged  and 

made  possible  by  liberal  facilities  for  washing.    Sulphates  are  useless  (see 

absorption).     Food  should  not  be  permitted  on  the  premises,  and  the 
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clothing  should  be  changed  before  leaving  the  works.     More  siring 
laws  are  greatly  needed. 

The  Treatment. — Consists  in  resting  the  patient  in  hygienic  surroun' 
ings  until  the  lead  has  been  eliminated  and  the  general  health  fairly 
restored.    Tonics  are  valuable. 

Symptomatic  measures  may  be  used:  Against  the  pain  of  colic,  m 
phin  is  most  effective.     To  this  may  be  added  atropin  or  scopolami 
and  hot  applications  or  baths.     Amyl  nitrite  (Riegel,  1878)  gives  si 
and  only  temporar\'  relief. 

Constipation  is  treated  with  olive  oil  enemas;  or  aoo  to  500  c.c.  of 
by  mouth.    This  is  better  than  castor  oil  or  calomel,  which  increase 
pain  if  they  do  not  relieve  the  constipation.    The  palsies  may  be  treat 
with  strychnin,  massage  and  electricity. 

To  hasten  the  elimination  of  the  lead,  potassium  iodid,  baths,  s 
and  sulphur  internally,  are  commonly  tried;  their  efficienc\'  is  doub 
The  iodid  is  the  most  promi^ng:  Melsens,  1849,  found  that  it  hast 
the  elimination  at  first;  but  it  soon  appears  to  lose  this  effect. 

PREPARATIONS — SOLtlBLE   LEAD   COMPOUNDS 

*Plutnbi  AcHas  (Plumb.   .\cet.),   U.S.P.,    B.P.;  Lead  .\cetate   (Sugar  of 
Pb(CtHiOi)>  -i-  3H1O. — Colorless  or   white  granular   crystals   or   masses,  of  faioi 
acetous  odor  and  sweetish  astringent,  afterward  metallic  taste,  efflorescent.     Fr 
sol.  in  water  (1:7),  sol.  in  ale.     Incofupatthle  with  alkalies  and  carbonates;  iodid&,  el 
rids  and  sulphates.     Dose,  0.05  Gm.,  i  gr.^  U.S.P.;  0.06  to  0.3  Gm.,  i  to  j  gr.,  B.?ij 
BlaximuDi  dose,  0.3  Gm.,  5  gr. 

PU.  Plumb,  c.  Opioy  B.P. — »3  per  cent,  of  Opium;  80  per  cent,  of  Plumb. 
Dose,  0.12  to  0.35  Gm.»  2  to  4  gr.,  B.P. 

Supp.  Plumb.  Co.,  B.P. — 0.2  Gm.,  3  gr.,  of  Plumb.  Acet;  0.067  Gm.,  i  gr.  of  Opmi 

GlyccT.  Pltttnb.  Subacd.y  B.P. — About  20  per  cent,  of  Subacctate. 

^Liquor  Plumbi  Subacetatis  (Liq.  Plumb.  Subacet.),  U.S. P.;  Solution  of  Lead  Sob- 
acetate  (Goiilard's  Extract;  BleiesMg). — An  aqueous,  clear  colorless,  alkaline  tdiitsoD; 
containing  not  less  than  25  per  cent,  of  lead  subacctate  and  lead  oxid  (Litfaargej  nidi 
water.  Snould  be  diluted  15  to  30  times  before  application.  Used  as  astiin^tawJ 
antipruritic  in  inflammatory  conditions  of  the  skin,  and  in  sprains  and  bruiMi.  It 
should  not  be  applied  to  denuded  surfaces,  and  should  be  used  with  cautioR  on  tbe 
face. 

•itff.  Plumb.  Subacet.  Port.,  B.P. — About  35  per  cent,  of  Subacetate. 

Lig.  Plumb.  Subacel,  Dit.,  U.S.P.,  B.P.  (Goulard's  Lotion;  Leadwater).— Prepaitd 
by  diluting  the  stronger  solution,  in  the  ratio  of  1:2$,  U.S.P.  t:So,  B.P.  May  ttf 
applied  directly. 

Ung.  Plumb.  Subacei.,  fi.P. — 12.5  per  cent,  of  the  Strong  Solution. 

PREPARATIONS — INSOLUBLE    LEAD   COMPOUNDS 

Plumbi  Carbonas  (White  Lead);  (Pb  CO«)tPb  (OH)r-Insol.  Used  as  Okfmd, 
10  per  cent.,  against  dermatitis,  burns,  etc. 

Plumbi  loHidium  (Plumb.  lod.),  B.P.;  Pbl. — An  insoluble,  bright  yellow  poisdB- 
Used  externally  as  mild  counterirritant  against  glandular  swellings,  etc.,  in  thefocBof 
the  Ointment. 

Ung.  Plumb.  lod.,  B.P. — 10  per  cent. 

Plumbi  Oxidnm  (Plumb.  Oxid,),  U.S-P.,  B.P.  (Litharge);  PbO.— Heavy,  yelkwri* 
powder,  without  odor  or  taste.  Almost  insol.  in  water.  Used  in  making  the  Sib- 
acetate. 

{Emp.  Plumb.,  U.S.P.,  B.P.— See  Index). 

Ung.  Diachylon,  U.S.P.  (Hebra's  Ointment).— Equal  parts  of  Lead  Plaster  and  Wto« 
Petrolatum,  flavored  with  Lavender. 


THALLIUM 

The  metal  is  almost  as  toxic  as  arsenic.  The  acetate  has  been  given  intertilf 
(5  to  10  mg.  per  day)  against  the  night  sweats  of  phthisis,  and  both  intcrnaUyaBrici' 
ternally  as  a  depilatory.  The  therapeutic  use  has  rep>eatedly  caused  severe  poisQM^f 
and  is  scarcely  justified.     It  is  not  anti-siyphilitic  (Buschke,  1911)- 
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The  toxic  i^enomena  are:  stomatitis,  diarrhea,  dyspnea,  pain  in  the  extremities, 
alopecia  (also  in  aninmU;  Buschke,  1910),  depression  and  other  neuroses  and  neurites, 
diuresis  and  persistent  albuminuria  (Olmcr  ana  Tiau,  1909;  Swain  and  Bateman,  igxo). 


PHOSPHORUS 


General  Statement. — Phosphurus  produces  severe  acute  poisoning, 
resembling  acute  yellow  atrophy  of  the  liver;  characterized  by  alterations 
of  metabolism  and  fatty  changes  of  the  liver  and  other  organs.  Chronic 
poisoning,  as  in  match  factories,  results  in  necrosis  of  the  jaw.  Thera- 
peutic doses  eflfect  changes  in  nutrition  and  bone  formation,  which  are 
utilized  especially  in  rickets. 

Phosphorus  acts  as  such:  its  actions  are  not  shared  by  any  of  its 
compounds,  which  are  for  the  most  part  harmless. 

Varieties  of  Phosphorus. — The  element  exists  in  two  forms,  red  and 
yellow.  Red  or  amorphous  phosphorus  is  non-volatile,  insoluble  in  water 
or  oil,  is  not  absorbed,  and  is  therefore  not  toxic.  The  yellow  or  ordinary 
phosphorus,  while  almost  insoluble  in  water,  is  very  volatile  and  dissolves 
in  fats  and  bile  (Hartmann,  1866),^  so  that  it  is  absorbed,  especially  when 
it  is  finely  divided. 

Absorption,  Fate  and  Excretion. — Absorption  occurs  from  the  intestines;  to  some 
extent  also  by  the  inhalation  of  the  vapor.  It  is  alwai-s  slow,  and  the  systemic  effects 
are  therefore  delayed  several  days.  It  is  finally  excreted  in  oxidized  form  (hypophos- 
pfaoric  acid,  Poulet,  1872),  but  its/a/«  is  very  imperfectly  known.  Although  it  oxidizes 
so  readily  in  the  air,  its  oxidation  m  the  blood  requires  days  (H.  Meyer,  iSRi);  perhaps 
it  has  an  inhibitory  action  on  oddi^.in^  ferments  similar  to  hydrocyanic  acid  (^Scoultzen 
and  Kiess,  1869).  During  its  action  it  exists  unchanged  in  the  organs  and  in  the  ex- 
pired air. 

PHOSPHORUS  POISONmO 

Etiology. — Phosphorus  is  quite  accessible  in  the  form  of  matches  or  phosphorus  rat 
pftste,  so  that  poisoning,  accidental  or  suicidal,  is  not  uncommon.  It  also  occurs,  rather 
rarely,  in  the  therapeutic  use.  Infusions  of  matches  have  been  taken  as  abortifacient, 
with  serious  results.  Chronic  poisoning  of  a  somewhat  different  character  is  seen  from 
its  fumes,  in  phosphorus  and  match  factories.  This,  as  well  as  the  poisoning  by  matches, 
has  been  very  greatly  diminished  since  the  introduction  of  amorphous  (red)  phosphorus. 

Phosphorus  Matches. — The  first  phosphorus  friction  matches  were  made  by 
Derosne,  Paris,  in  1S16,  but  they  did  not  become  practical  until  1S33,  when  processes 
for  their  manufacture  were  invented  in  several  countries.  These  all  employed  yellow 
phosphorus;  each  match  contains  H  to  5  mg.,  so  that  16  would  be  fatal  for  an  adult. 
The  other  ingredients  are  o.^ddizing  agents  (potassium  chlorate  or  dichromate;  lead  oxid 
or  nitrate;  manganese  dioxid). 

The  use  of  the  dangerous  yellow  phosphorus  in  matches  is  now  prohibited  by  law 
in  practically  all  European  countries.  In  the  United  States,  a  prohibitive  tax  has  been 
placed  on  their  manufacture.  Phosfihorus  scsquisulphid,  which  is  said  to  be  non-toxic, 
IS  now  used  in  ordinary  matches,  which  strike  anywhere.  The  "  safety-matches"  have 
no  phosphorus  on  the  sticks,  which  are  usually  headed  with  Sb)SO»,  K.QO1  and  glue; 
the  red  phosphorus  is  here  on  the  friction  surface  coating  of  the  l>ox. 

The  Symptoms  of  Poisoning. — These  have  the  peculiarity  that  they 

occur  in  two  well-defined  stages:  At  first,  there  is  local  gaslro-intestinal 
irritation;  then  more  or  less  complete  recovery;  then,  after  two  or  three 
days,  the  phenomena  of  the  systemic  actions  appear.  These  are  distin- 
guished by  fatty  enlargement  of  the  liver,  intense  icterus,  and  metabolic 
changes  pointing  to  diminished  oxidation.  They  extend  over  several  days 
and  generally  terminate  in  death  by  heart  failure.  Gastric,  syncopal,  or 
cerebral  phenomena  may  predominate. 

'  Quoted  by  Blyth. 
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AruU  Symptoms. — These  generally  sUrt  after  some  houre  with  gastric  pftin 
inj?.  eructations  with  garlic  cnJor,  and  finally  vomiting,  which  may  be  luni* 
dark.     Later  there  is  often  diarrhea.     If  treated,  there  is  more  or  less  rcmis- 
complete  recovery  for  two  or  three  days. 

The  Later  Phenomena. — These  begin  >vith  nausea;  then  gradually  slight  icterus;  «l 
dominnl  pain  and  tenderness;  vomiting  and  soft  stools,  both  often  streaked  with  blood; 
coated  tongue  and  fetor  oris. 

The  symptoms  become  gradually  more  severe;  and  within  two  days  the  arM 
liver  dulncss  has  rapidly  in^Teased;  the  hepatic  region  is  painful  and  very  tender, 
the  icterus  more  intense.     If  death  ocinirs  within  the  first  two  days  of  the  secondj 
there  is  usually  no  icterus  (Magnus,  igr4).     All  foods  and  liquids  arc  vomitc 
patient  becomes  profoundly  prostrated  with  insomnia,  annety.  headache,  mu5 
and  feebleness.     The  temperature  is  normal,  tlie  skin  dry,  the  respiration  incrcas 
pulse  soft  but  of  normal  rate.     The  urinf  is  scanty,  acid,  dark  brown  from  bile  and  bU 
and  contains  albumin,  casts  and  abnormal  nitrogenous  substances.     Multiple  het 
fka%ei  occur  as  petechia?  or  in  larger  areas,  in  the  skin,  mucttsae.  lungs  and  other  vis 

Aeoiuil  Stogc.  —The  pulse  becomes  thready  and  intermittent;  the  heart  -^i'   '    ' 
systolic  murmurs;  the  respiration  dyspneic  or  Cheyne  Stokes      Conscious^n- 
undisturbed,  or  generally  there  is  somnolence,  sometimes  delirium  and  di:>iu.  l-.-..^ 
tcmpt^nitiire,  finally  romn. 

I>iagnostic  Post-mortem  Features. — These  are:  the  icterus;  phosphorus  odor  oft 
opening  alxlomen;  blooti  tarry  and  difTSculty  coagulable;  multiple  hcraorrhaffcs;  bit; 
enlargement  of  the  liver  and  other  organs. 

The  mitochondria  oj  the  pancreatic  ceMs,  according  to  W.  J.  M.  Scutt,  1916,  art  the 
first  structures  to  show  changes  in  phosphorus  poi.soning. 

Course.— This  runs  from  two  to  fifteen,  averaging  perhaps  eight  days. 

Fatality.—Tliis  is  high,  about  55  per  cent.  (Kalck);  with  larger  quantities  such  u 
arc  uswl  for  abortion,  it  may  reach  95  per  cent.  (Knbertl. 

The  Fatal  Dose. — This  may  be  as  low  as  50  mg.,  generally  about  100  mg  ;  but  1; 
mg.  may  be  severely  IokIc.  It'is  much  more  dangerous  in  solution  or  when  finely  divniet;. 
than  when  larger  lumps  are  taken.  A  iwo-year-old  child  has  been  severely  poisoned  hv 
therapeutic  doses  (1.2  mg.  distributed  over  three  days;  Nebclthau).  Magnus,  ivi. 
states  that  no  dangerous  elTerts  have  ever  occurred  (in  children  up  to  eight  yews^ 
from  0.5  mg.  per  day;  although  there  may  be  some  vomiting  at  first.  He  statr*  the 
smallest  dose  that  has  exceptionally  profluced  dangerous  effects  as  i  mg.  per  day 

Recovery. — This  may  CKCur  gradually,  even  from  advanced  s>*mpioms', 
but  cerebral  hemorrhages  may  leave  paralytic  a/ter-rffects. 

Treatment  of  Acute  Poisoning.— Any  phosphorus  remaining  in  ibe 
alimenuir>'  tract  should  be  oxidized  and  removed.  The  best  antidote  b 
copper  sulphate,  o.i  to  0.2  Gm.  in  water,  every  ten  minutes  un    ' 

This  acts  as  a  prompt  emetic,  and  meanwhile  oxidizes  the  ]. 
and  envelops  the  globules  with  a  coating  of  reduced  copper  which  reunb 
absorption  (Woehler  and  Vogel,  1836;  Slraub,  100.^).  Gastric  laxiipe 
with  other  oxidizing  agents  may  be  substituted:  KMnOi,  o.i  per  out. 
(Bokai  and  Antal;  Koranyi.  1889);  HjOj,  2  per  cent,  of  the  official  solu- 
tion. These  should  be  followed  by  a  saline  cathartic.  Oils,  fats  a»l 
milk  should  be  avoided  while  any  phosphorus  remains  in  the  intestine^. 
since  they  increase  its  solubility  and  absorption.  Sodium  bicarl»n3;t 
may  be  given  to  prevent  acidosis.  When  the  systemic  symptoms  hasr 
set  in,  these  measures  are  practically  useless  and  the  treatment  must  U 
mainly  symptomatic.  Transfusion  of  blood  is  said  to  have  givm  good 
results. 

In  phosphorus  poisoned  animals,  the  feeding  of  sugar  was  found  to  replenish  tie 
hepatic  glycogen^  and  to  diminish  the  oLlier  toxic  manifestations  fSimond.=i,  1019V 

OU  of  Turpentine. — 0.5  Gm.  several  times  daily  for  a  week  may  be  tried  (AmUot 
186R;  Kochlcr.  iS/j^  but  its  benefits  are  doubtful,  or  at  best  inconstant. 
to  vary  with  different  varieties  of  the  turpentine,  the  fresh  being  often  a& 
old  ozonized  samples.     The  action  is  not  due  to  simple  oxidation  of  the  { 
hut  to  the  formation  of  complex  compounds  (Busch  and  Fischer);  Robert 
that  it  may  be  e0ecti\'e  even  after  the  phosphorus  has  been  absorbed. 
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Special  Phenomena  of  Phosphorus  Poisoning. — Action  on  Melahoiism. — This  is  the 
most  interesting  feature  of  pho«iphorus  puisouing  from  a  scientific  standptoint.  It 
occurs  in  chronic  poisoning,  or  as  :i  Mcondary  process  after  a  single  larger  dose.  The 
phenomena  consist  in  increased  tissue  destruction  with  disturbances  of  syntheses,  oxida- 
tions and  dissociations;  increased  but  incomplete  nitrof^en  metabolism;  interference  with 
glycogen  deposition;  increased  lactic  acid  and  ammonia  excretion;  and  inhibitioD  of 
other  synthetic  processes;  deposition  of  fat  in  the  liver. 

7'Ae  Mechanism. — This  is  not  understood.  It  appears  to  involve  interference  with 
certain  ferment  actions,  primarily  with  some  oj  those  involved  in  carbohydrate 
metabolism. 

NUrogrn  MeiahoHsm. — This  is  very  greatly  increased.  The  urinary  nitrogen  may 
rise  by  300  per  cent.  (Storcfa,  1865).  The  excretion  of  phosphate  and  sulphur  is  also 
increased,  while  the  chlorids  are  diminished  by  the  inamtion  fWelsch,  1905).  All  the 
nitrogenous  metabolites  may  participate  in  the  increase  (v.  Jaksch,  1003);  but  not  to 
the  same  extent  (Muenzer,  1804).  The  urea  is  not  nearly  as  much  mcreased  as  tlie 
others  and  may  even  be  diminished.  It  is  to  a  large  extent  replaced  by  ammonia. 
This  may  be  attributed  to  an  increased  production  of  sarcolactic  and  other  organic 
acids.  The  uric  acid  excretion  does  not  show  characteristic  changes;  and  the  creatinin 
output  is  scarcely  affected  (Lusk).  The  bippuric  synthesis  of  excised  kidneys  is  checked 
(Hauscr,  180s). 

The  blood  of  dogs  poisoned  with  phosphorus  shows  increase  of  non  protein  nitrogen, 
urea  and  amino-acids;  and  generally  a  terminal  acidosis  (li.  K.  Marshall  and  Rowntree, 
19151.  The  protein  cleavage  products  may  play  a  part  in  the  production  of  the  symp- 
toms (Moriani,  1916). 

A  very  important  phenomenon  is  the  appearance  in  the  urine  of  amino 
acids ^  leucin,  tyrosin,  cystin;  and  peptone-like  substances  (Schultzen  and 
Riess,  1869).  Clinical  cases  may  not  show  the  tyrosin.  The  peptone- 
like substances  are  present,  especially  in  the  early  stages.  Their  nature 
is  not  known  (Harnack,  1893). 

FaUy  Changes. — Extensive  deposition  of  fat  occurs  particularly  in  the  liver  cells, 
whose  fal-contcnt  may  reach  three  or  four  times  the  normal;  hut  it  is  seen  also  in  prac- 
ticalJv  all  other  cellular  organs:  muscle,  skeletal  smooth  and  cardiac;  kidneys;  blood 
ve^«ls;  epithelium  of  stomach  and  intestine,  etc.  The  fatty  changes  are  preceded  by 
"cloudy  swelling,"  which  is  probably  an  intermediate  stage.  They  arc  followed  by 
proUferataon  of  interstitial  connective  tissue  (cirrhosis). 

Similar  fatty  changes  occur  in  poisoning  by:  Phlorhizin,  arsenic,  antimony,  many 
volatile  oils,  the  alcohol  group,  benzol,  phallin,  etc..  in  starvation,  etc. 

Tke  Mechanism  of  the  Fatty  Degenrrafion. — This  has  been  studied  especially  in  the 
liver.  It  vvas  originally  assumed  that  the  fat  was  formed  in  situ,  by  true  degeneration 
of  the  protoplasm  of  the  liver  cells  (Bauer,  187S).  However,  I.^bede£l,  1SS3.  disproved 
this,  finding  that  fat  is  deposited  in  the  Hvcr  only  If  the  fat  store  of  the  Ix)dy  Is  ample; 
and  that  if  some  foreign  fat  is  introduced  into  the  subcutaneous  tissue,  the  fat  deposited 
in  the  phosphorus  liver  agrees  in  composition  with  this  foreign  fat.  This  suggests 
that  the  liver  fat  is  merely  transported  from  the  fat  depots.  These  observations  have 
been  confirmed  by  Rosenfeld,  1897;  Prtucgcr,  1898;  and  others.  They  apply  also  to 
other  poisons  that  cause  "fatty  degeneration"  of  the  liver.  The  conclusion  was 
strengthened  by  the  observation  of  .Athanasiu,  iHq8,  that  the  tobil  fat  of  the  body  is  not 
increased  by  phosphorus.  In  fat  it  is  rather  diminished  (Shibata,  igi  i).  The  increa.sed 
fat  of  the  liver  must  therefore  have  been  drawn  from  other  parts  of  the  body  so  that  the 
proce^  is  one  of  inliltration. 

Lusk  finds  that  the  combustion  of  fat  in  phosphorus  poisoning  is  not  changed.  Some 
of  the  **fat"  consists  partly  of  other  lipoids  (Dastrc  and  Morat,  1S79);  Hefftcr,  1890, 
claims  that  the  percentage  of  lecithin  is  decreased.  The  fat  in  the  heart  (studied  by 
Rosenfeld,  1006)  is  also  infiltrated  (I-eik  and  Winckler). 

Leathcs,  iqoq.  showed  that  the  liver  effects  certain  changes  in  the  dcpol-fals  (de- 
saturation,  increasing  the  iodin-numbcr).  He  believes  that  this  is  a  necessary  prelim- 
ina.ry  to  the  utilization  of  the  fats  in  metabolism.  Fatty  infiltration  of  the  liver  would 
therefore  represent  an  excessive  attempt  at  such  conversion.  Accordingly,  it  is  found 
in  all  conditions  in  which  there  is  a  high  need  for  fat  fstirvation,  etc.).  If  such  animals 
a.re  freely  fed,  the  fatty  infiltration  of  the  liver  may  disappear  within  a  day  (Mottram, 

1915)- 

CnrbohjdroU  MetuhoHam. — Phosphorus  causes  the  disappearance  of  glycogen  from 
the  liver.     This  is  not  due  to  increased  glycogenolysis,  for  the  percentage  of  sugar  in 
60 
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the  blood  U  generally  not  increased,  and  in  the  later  stages  it  is  even  deer 
Phosphorus  must  therefore  inhibit  glycogen  synthesis,  especially  from  non-carbohy 
drate  sources  (E.  Francic  and  Isaak,  iqii).  This  would  explain  the  prevention 
cpinephrin  glycosuria  by  phosphorus;  and  the  non-combustion  of  lactic  acid.  Arco 
ing  to  V.  Fucrth,  1914.  lactic  acid  appears  in  the  urine  orlv  when  the  rabbits  are  fed 
an  excess  of  sugar.  Dextrose  also  is  not  converted  into  glycogen  (E.  Neubauer,  igoQ} 
thus  explaining  the  occurrence  of  glycosuria  when  carb<>hydrales  are  fed.  Glyi 
may  be  still  formed  from  levulose.  The  tolerance  for  galactose  and  Icvulose  is  lov< 
(E.  K.  Marshall  and  Rowntree,  igis). 

The  inrrease  of  nitrogev  extreiion  may  be  due  to  carbohydrate  disturbance:  Franck  ai 
Isaak,    191 1,   believe   that   this  interference  with  glycogen   synthesis  is  the  primar^j 
action  of  phosphorus;  they  attribute  the  increased  protein  destruction  to  the  ncccssi"^ 
of  tnaking  up  for  the  lessened  supply  of  energy  material.    The  fat  transportation 
tlie  liver  could  be  similarly  explained. 

Accordingly   Kcttifi.    1014,  found   that  a  diet  rich  in  carbohydrates  prevents  t 
increased   protein   catalxtlism   and   the  fatty  changes.     Ray.   McDermoit  and  Lu^, 
iSqq,  also  showed  that  with  dogs  rendered  glycosurtc  by  phlurhizin,  phosphorus  does 
increase  the  nitrogen  excretion;  again  indicating  that  the  nitrogen  excretion  is  not  A 
to  direct  destruction  of  the  protoplasm,  but  is  in  some  way  connected  with  the  disturl 
carbohydrate  metabolism.     Lusk.  1Q07,  suggests  that  the  primary  action  is  to  inbi 
the  ferment  which  burns  lactic  acid;  and  that  the  nitrogen  changes  are  due  to  there^ 
suiting  acidosis.   * 

Otygen  Comumption. — The  metabolic  effects  of  phosphorus  resemble  those  of  oxygcfl 
deprivation  (r.g.,  Porgesand  Pribram,  iga^);  and  it  has  been  suggested  that  phosp 
renders  the  cells  less  capable  of  utilizing  oxygen.  However,  it  is  also  possible  that  th* 
metabolic  changes  in  both  cases  arc  the  secondary  result  of  some  other  common  factor. 
Indeed,  Lusk,  1907,  has  shown  that  the  oxygen  consumption  is  not  diminished  but  rather 
somewhat  increased,  partly  by  fever,  and  probably  also  by  the  toxic  action  of  increased 
protein  destruction. 

Autolysis. — In  advanced  phosphorus  poisoning,  the  postmortem  autolysis  of  tbr 
liver  is  greatly  accelerated  (Jacoby,  J900;  Porges  and  Priorara,  iqoS),  probably  by  (k- 
creased  resistance  of  the  liver  cells  to  the  normal  autolytic  ferments  fWellsl.  It  b  not 
dear  what,  if  any,  [>art  this  plays  in  the  liver  and  metabolic  changes  during  life. 

Direct  addition  of  phosphorus  to  excised  normal  liver  docs  not  hasten  ;iuloly»i» 
(Jacoby).  The  phenomena  are  probably  analogous  to  those  of  late  chlorofora 
poisoning. 

BiJc  and  Icterus. — The  swelling  and  subsequent  cirrhosis  of  the  liver 
obstruct  the  bile  capillaries,  so  that  the  bile  secretion  is  diminished  or 
suppressed;  and  the  gall-bladder  contains  only  a  little  mucous  fluid.  TV 
reteniJon  of  the  bile  constituents  produces  the  characteristic  intense 
icterus.  It  was  formerly  believed  that  the  formation  of  bile  was  also, 
increased  by  the  destruction  of  the  blood;  but  there  is  no  evidence  for 
such  destruction. 

The  Effects  on  the  Liver. — These  may  therefore  be  summarized  as: 
disappearance  of  glycogen;  incomplete  combustion  of  lactic  acid;  incrcas^i 
excretion  of  ammonia;  increased  protein   destruction   with   ir 
desamidization    of   certain    amino-acids;    fatly    infiltration;    rw 
interference  with  bile  formation;  increased  postmortem  autolysis;  dccicii^' 
of  fibrinogen. 

The  excretion  of  p-s-phthalein  is  delayed  (Whipple  and  Sperry,  1915) 
The  liver,  heart,  ganglion  and  other  nerve  cells  show  degenerative  changes 
similar  to  those  of  chloroform  intoxication  (Lissauer,  1914). 

Changes  in  the  Blood;  Red  Corpuscles. — It  was  formerly  believed,  on  the  basi*  "^ 
experiments  on  birds  (Fracnlcel  and  Rochmann),  that  these  were  rapidly  dcstroy^i- 
in  man  and  mammals  (Taussig,  iSg2;  v.  Jacksch,  1893),  however,  no  destruction  oti^ir* 
even  in  severe  poisoning.  In  fact  the  corpuscles  are  often  increased  (Ragaxu,  I0^^ 
I-eoncini,  1Q14)  and  this  is  the  typical  effect  of  thcrafwutic  doses. 

The  hcmnclobin  is  not  altered  (Leoncini).     The  viscosity  and  electrical  t^^SHtnotol 
the  blood  are  increased  by  the  polyr^-thcmia;  and  remain  so  until  death  annroajcfacV 
when  they  suddenly  decrease.     *I*hc  osmotic  pressure  of  the  blood  was  found  increase^ 
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'hy  BoltAKci,  ifto^'i  unchanged  by  Ragaxzi.  The  alkalinUy  is  Himinishcd.  The  cntalase 
mciion  is  moderately  decreased  (Duncker  and  Jodlbauer,  191 1).  The  statements  as 
to  the  IfNiotytts  are  confused;  Ragazzi  describes  increase  of  the  polynuclear,  and  dis- 
appearance of  eosinophilcs.  According  to  I^concini,  the  leucocytes  are  at  first 
diminished,  then  sometimes  moderately  increased. 

The  coagithxbiHty  oj  the  blood  is  diminished.  This  is  probably  due  to  the  destruction 
of  fibrinogen  or  of  lihrin  ferment;  or  possibly  to  the  production  of  peptone  bodies  by 
the  dcstniction  of  proteins  (Cevidalli,  igoj).  Denny  and  Minot,  1915,  also  find  the 
antithrombin  content  of  the  blood  diminished. 

The  Hemorrhagic  tendency  is  explained  b>'  the  lessened  coagulability  of  the  blood  and 
\y  the  fatty  changes  in  the  capillary  endothelium. 

The  ccbolic  action  which  occurs  with  fatal  doses  may  be  referred  to  degeneration 
of  the  blood  vessels.  However,  phosphorus  also  passes  to  the  fetus  in  sufficient  amount 
to  produce  fatty  hepatic  degeneration. 

Circulation. — Phosphorus  appears  to  have  direct  toxic  efTccts  on  the  heart-muscle; 
lor  wath  intravenous  injection  tnis  is  paralyzed  before  anatomic  degeneration  has  set 
in  (Meyer,  iSSi).  In  the  collapse,  splanchnic  stimulation  is  ineffective.  In  clinical 
poisoning,  the  syncopal  cases  may  be  due  to  this  cardiac  paralysis,  but  generally  the 
circulation  suffers  but  little  until  the  agonal  state. 

Mtisilr  and  iVcrw.^These  are  not  directly  affected. 

The  Central  Nrrrous  System. — This  plays  a  subsidiary'  rflle,  but  is  said  to  show  his- 
tologic changes  (Rossi,  1897). 

Local  Actions. — Irritation  of  the  mucosa  is  shown  by  the  early  acute  symptoms, 
but  phosphorus  is  not  corrosive. 

Chronic  Phosphorus  Poisoning. — ^This  is  seen  especially  in  match 
iactories  using  yellow  phosphorus.  The  most  common  manifestation  is 
necrosis  of  the  jaw;  sometimes  bronchitis,  to  which  tolerance  is  acquired; 
and  cachexia  resembling  mild  acute  poisoning. 

1  Strict  prophylaxis  should  be  enforced.  The  manufacture  of  yellow 
[phosphorus  matches  has  been  prohibited  in  most  civilized  countries. 
I^xposcd  workers  should  attend  to  ventilation,  cleanliness  and  strict  oral 
hygiene  (Ivy,  191 1). 


The  wcrosis  of  the  jaws  begins  with  salivation,  suppurative  ulceration  of  the  gums, 
and  ends  in  very  profound  periostitis,  involving  the  whole  jaw.  It  usually  starts 
■^|b  carious  teeth.  The  lower  jaw  is  more  often  affected.  The  only  treatment  is  excision 
i«l  the  diseased  bone. 

Identical  necroses  in  the  teeth  and  other  bones  have  been  producwl  experimentally 

jCW^ner,  187J),  by  prolonged  exposure  of  rabbits  to  phosphorus  vapor,  after  laying 

the  periosteum.     The  bone  changes  are  probably  allied  to  those  seen  in  the  thcra- 

use,  but  intensified  by  the  more  direct  contact  and  by  secondary  infections. 
losphoms  Bums. — These  arc  no  more  dangerous  than  other  bums  of  similar 
Eent  and  do  not  produce  any  of  the  symptoms  of  phosphorus  poisoaing. 

Bone  Changes  by  Prolonged  Administration  of  Small  Doses. — These 
'Stimulate  bone  formation  (Wegner,  1872);  in  growing  animals,  the  epiph- 
fyses  form  compact  instead  of  spongy  bone;  in  adults,  the  Haversian  and 
[oiarrow  canals  arc  gradually  filled  with  dense  bone.  This  has  the  normal 
chemical  composition  and  structure.  Larger  doses  increase  the  vasculari- 
sation  of  the  bone  (Kassowitz). 

THERAPEDTIC  USES 

The  stimulation  of  bone  formation  led  to  the  use  of  phosphorus  in 
Tickets,  osteomalacia,  and  delayed  healing  of  fractures  (Kassowitx,  i8&(). 
The  clinical  evidence  of  its  usefulness  is  contradictory;  the  best  results  are 
reported  in  rickets,  in  which  it  is  said  to  improve  not  only  the  bone  changes, 
but  all  the  other  symptoms.  The  improvement  should  be  seen  in  about 
iour  weeks. 


948 


MANUAL    OF   PHARMACOLOGY 


Themislcr,  1918,  found  its  clinical  use  to  produce  distinct  stimulation  of  bone  foi 
lion,  provided  that  calcium  deposition  had  not  l>cen  markedly  deranged  by  thedi 
Phosphorus  would  therefore  be  useful  mainly  during  the  "  healing  stage* "  when  improvi 
ment  has  already  started. 

Thf  dose  is  usually  about  i  mg.  per  day,  \v\(h  mcaU;  best  dissolved  in  olive  or 
liver  oil  (o.oi:  100  c.c).  -The  solution  should  be  freslily  made.  A  piU  (0.6  mg.)  is< 
official.     It  is  coated  with  Tolu  to  prevent  oxidation. 

The  admini<;tration  of  phosphorus  generally  causes  some  gastrointestinal  dLsturl 
ance;  sometimes  the  jaw  necrosis;  and  rarely  typical  phosphorus  poisoning.     It  roi 
therefore  be  carefully  watched  and  stopped  iJf  any  gastric  or  intestiruil  efTecls  appear 

Stability  of  Phosphorus  Preparations. —  Kngelhardt  and  Winters.  1915,  and 
pills  and  spirit  fairly  stable,  hut  not  always.     Com[xiund  elixiri  are  less  stable. 

Phosphorus  in  Nervous  Diseases. — It  has  been  advised  as  a  tonic  in  alcol 
neurasthenia,  sexual  exhaustion,  neuralgia,  tabes,  cerebral  degeneration,  etc.;  and  il 
chlorosis  and  anemias.     There  is  little  ftcienti6c  support,  either  experimental  or  dii 
cal,  for  this  use. 

Zinc  Fhosphid. — This  has  been  suggested  as  a  therapeutic  substitute  (Vigier»  1876) 
there  is  very  little  scientific  information  about  it. 

Amorphous  or  Red  Phosphorus.— This  is  non-volatile,  inabsorhable  and  thcrcforti 
non-to.xic  when  taken  by  mouth;  but  since  it  may  contain  traces  of  ordinary  phosphfmil 
(to  0.6  per  cent. — Blythcl,  large  doses  could  become  toxic.  Intravenous  injections 
(Nasse.  1H.S5)  produced  the  effects  of  ordinary  phosphorus. 

Phosphoretted  Hydrogen. — This  gas  (Phosphinc — PHi)  is  a  violent  poison;  0.025  P^ 
cent,  in  air  is  harmful  after  a  time;  and  0.2  percent,  is  quickly  fatal,  producing  dyspncL 
fainting.  lowered  blood  pressure,  slowed  heart;  nausea  and  vomiting;  convtikioos  uia 
paralyse!';  coma  and  asphyxia.  Postmortem  examination  shows  pulmonary  con| 
and  exudation.  Industrial  poisoning  occurs  from  its  pressure  in  acctylei 
ferrosiiicon. 

Phosphorus  Pentachlorid. — Poisoning  is  described  by  Roch,  1914. 

PREPARATIONS — PHOSPHORUS 

*Pko5p/torus  fPhosphor.),  U.S. P.,  B.P. — A  translucent  waxy  substance  of 
tive  odor.     Melts  alxjut  44"C.    Oxidizes  (ignitesl)  on  exposure  to  air.     Pi 
insol.  in  water,  but  slightly  sol.  in  ale.  (1:400).     Sparingly  sol.  in  oils.     Sol. 
solvents.     Dose,  0.5  mg..  'i.>fi  gr..  U.S. P..  0.6  to  ^.5  mg.;  ^{00  to  ^sgr..  B.P.;ui 
or  oily  solution.     These  must  be  recently  prepared.     Afasimum  dose,  3.5  mg.,  H»  P- 

Oieitm  Phosphomlum  iO\.  Phosphor  1,  B.P. ;  r  per  cent,  in  olive  nil — Dose.  0.06  to 
0.3  C.C..  I  to  5  minims,  B.P.,  in  almond  or  cod  liver  oil,  or  in  capsules. 

PU.  p}$ospkor.,  U.S. P. — 0.6  mg.,  Hoo  K'-;  coated  with  Tolu  to  retard  oxidation. 

Pil  PhosftHori,  B.P. — i  per  cent,  (formerly  2  per  cent.)     Dose,  0.06  to  o.i5  Gnu 
I  to  4  gr.»  B.P 
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LECITHIN,  GLYCEROPHOSPHATES,  HYPO  PHOSPHITES,  ETC. 

General  Statement.- -Phosphorus  compounds  are  important  consdi- 
uents  of  animal  and  vegetable  cells,  and  especially  of  ner\'Oiis  tissue 
Preparations  of  phosphorus  have  therefore  been  used  as  tonics  and 
*' brain  foods'  in  all  sorts  of  depressed  conditions:  Scrofula,  indpient 
phthisis  and  cachexia;  neurasthenia  and  tabes;  neurites  and  ncuraigi4.% 
etc. 

With  the  possible  exception  of  lecithin,  there  is  no  experimental  evi- 
dence of  their  value;  the  clinical  evidence  also  is  too  indefinite  and  contiB- 
dictory  to  establish  their  position.  With  lecithin,  positive  results  *« 
claimed  by  some  investigators  but  even  these  are  denied  by  critical  ob- 
servers. The  ordinary  diet  furnishes  a  very  free  supply  of  lecithin  and 
other  phosphorus  compounds,  and  it  is  difficult  to  see  how  the  small  quao- 

'A  very  full  review  of  these  subjects,  with  bibliography,  is  given  by  Forbes  and  Kdtb. 
1914. 
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tities  added  in  the  form  of  more  or  less  expensive  medicines  could  have 
any  other  than  psychic  cflFccts. 

Occurrence  of  Phosphorus  in  Body.^Phosphorus  is  found  as  inorganic  phosphate, 
mainly  of  Ca  and  Mg,  especially  in  the  bones;, and  dissolved  as  sodium  phosphate  in 
the  fluids  and  cells.  The  cells  also  contain  the  organic  compounds,  nudeins,  lecithins, 
and  phosphatids.  The  organic  phosphorus  compounds  of  tne  serum  are  almost  exclu- 
sively phospho-lipins  (Greenwald,  igtO;  Bloor,  igiS;  Meigs  et  al.,  iQig). 

(^uonti^tive  Distribution. — The  total  phosphorus  content  of  the  bo<ly  (young  do«) 
is  equivalent  to  about  0.7  per  cent,  of  P.  Of  this,  three-fourths  is  in  the  bones;  the 
mui^^les  contain  more  than  tJie  combined  total  of  the  central  nervous  system,  skin,  liver 
and  kidneys  (Hcubner,  1014). 

Organic  Phosphorus  Constituents  or  Tissues. — It  may  be  well  to  premise  the  dis- 
cussion of  phosphorus  nietaboUbm  by  some  chemical  data. 

Structure  and  Occurrence  of  Lecithins.^- These  are  esters  of  fatly  acids,  glycero- 
phosphoric  add,  and  a  nitrogenous  base  (mainly  cholin).  Their  structure  mil  be 
understood  by  the  following  formula,  in  which  R  represents  fatty  add — oleic,  stearic, 
palmitic  or  other.     The  part  to  the  right  of  the  dotted  line  represents  cholin. 
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The  various  lecithins  differ  according  to  the  fatty  acid,  etc.  They  occur  in  animal 
(not  in  vegetable)  cells,  generally  combined  with  proteins.  Their  place  may  be  taken 
by  related  compounds  or  "phosphatids"  which  are  but  little  understood. 

Lecithins  arc  conveniently  isolated  from  brain  substance  or  cgg-yolk  ("  vitcUin**). 
The  commercial  products  are  quite  impure.  They  contain  3.84  to  4.12  per  cent,  of 
phosphorus.  The  purest  are  those  obtained  by  Erlandsen's  method.  (Bibliography 
of  L<X3thins,  Merck's  Report,  26:50).  H.  Macl>ean,  iQtj,  states  that  ordinar>'  lecithin 
is  really  a  mixture  of  ccplialin  (which  tends  to  become  insoluble  in  aJcohol),  and  true 
lecithin  (which  remains  alcohol-soluble). 

Barbieri,  1910  and  1Q17,  threw  doubt  on  the  existence  of  lecithin;  contending  that 
this  b  merely  a  mixture  of  fats,  phospliates  and  dializable  nitrogen  ;vithout  any  cholin. 
However,  this  has  been  disproven  by  Lcvene  and  West,  1917,  lOiS.  They  isolated 
from  ^g,  brain  and  other  tissues,  absolutely  pure  lecithin,  and  established  its  composi- 
tion  as  conforming  to  that  generally  accepted. 

Properties. — Lecithin  is  a  white  to  orangc<olored  substance,  usually  amorphous  and 
waxy  when  dry.  It  is  ver>'  hygroscopic,  softening  to  a  semifluid  mass  in  the  air.  It 
also  oxidises  readily,  becoming  darker.  It  dissolves  in  alcoiiol  or  most  fat-solvents 
(not  in  acetone).  It  is  insoluble  in  water,  but  readily  takes  up  water,  swelling  to  a 
gelatinous  mass  and  finally  to  a  colloidal  solution,  from  which  it  is  precipitatc<l  by  cer- 
tain acids  and  salts;  while  other  salts  prevent  the  precipitation  {W,  Koch).  It  is 
decomposed  by  prolonged  contact  with  water;  alkalies  saponify  it  readily  into  cholin, 
fa  tty  acid,  and  glycerophosphoric  arid.  Further  cleavage  results  in  ordinary  phosphoric 
acid.     Tlie  cleava^  witli  dilute  acids  is  quite  slow. 

Kephalin. — This  is  a  highly  unsaturated  monamino-monophosphatid.  Its  nitro- 
genous base  is  probably  not  cholin  (W.  Koch,  igoi);  otherwise  it  is  closely  related  to 
lecithin. 

Koch  and  Woofls,  1915,  believed  that  it  is  distributed  as  \vidcly  as  lecithin. 

Other  Phosphatids. — The  numlier  of  tliesc  is  probably  very  limited;  the  various 
phosphorized  fats  prepared  from  different  tissues  being  probably  mixtures  of  lecithin 
and  kiphalin,  with  rlusi-ly  related  homologous  fragments  '^Levenc  and  Komatsu,  igrg). 

Plant  Phosphatids. — These  were  formerly  considered  identical  ^ith  lecithin,  but 
are  now  known  to  be  quite  distinct.     They  usually  contain  a  sugar  molecule. 

Pliytin. — This  is  a  calcium-inosit  phosphate,  occurring  abundantly  in  plant  seeds. 

Absorption,  Fate  and  Elimination  of  Phosphorus  Compounds.— The 
inorganic  phosphates  are  absorbed  as  such,  mainly  from  the  upper  portions 
of  ihe  small  intestines.     Phosphates  that  are  insoluble  in  water  generally 
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dissolve  readily  in  ihe  gastric  juice.  They  are  excreted  by  the  urine  at 
feces.  Hypophosphites  are  also  absorbed,  and  for  the  roost  part  excret 
unchanged.  Glycerophosphates  and  all  organic  phosphorus  compoun< 
are  almost  completely  hydrolyzed  in  the  digestive  tract  (Plimmer,  191.O1 
and  absorbed  and  excreted  as  inorganic  phosphate  (Oeri,  1909).  Opinioi 
differ  as  to  tJie  importance  of  the  small  fraction  (if  any)  that  escape 
decomposition.     Further  details  will  be  given  under  the  individual  drugs. 

The  absorbed  phosphate  is  utilized  in  the  construction  of  bone  and  iaj 
the  synthesis  of  the  various  forms  of  organic  phosphorus  compounds  in 
body.     These  can  be  constructed  completely  from  inorganic  phosphate 

The  greater  part  of  the  normally  excreted  phosphate  is  derived  froi 
the  metabolism  of  the  tissues  and  therefore  generally  varies  in  the  sai 
direction  as  the  nitrogen  excretion,  although  they  are  not  necessarily  pro*] 
porlional.     '*Phosphaturia/'  the  deposition  of  phosphates  in  the  urine,! 
is  due  to  alkaline  reaction  of  the  urine,  and  not  to  increased  phosphatej 
excretion;  indeed,  the  excretion  is  generally  diminished. 

The  path  of  phosphate  excretion  is  markedly  influenced  by  the  calduttj 
of  the  food.     With  a  high  calcium  income,  the  phosphate  is  excret* 
mainly  by  the  feces  as  calcium  phosphate;  whereas  the  urinary  phospbau 
increase  with  a  lime-poor  diet  (Zuelzer,  1905). 

Phosphorus  Compoimds  of  Urine. — Practically  all  the  pliosphonis  of  the  urioe  is 
normally  in  the  form  of  inorganic  mono-  and  di-hydrogcn  phosphates.  A  variable 
fraction  may  cjdst  in  organic  form,  as  glyceronhosphoric  and  phosphocarmc  acid. 

The  organic  phosphorus  is  increased  in  tasting,  chloroform  anesthesia,  morpfain 
poisoning,  and  some  pathnloRir  rondilions. 

Phosphorus  Compounds  of  the  Feces. — The?e  are  derived  partly  from  unabsorbed 
phosphates,  from  intestiniit  secretions,  and  from  the  bacteria.  The>'  include  variou* 
organic  forms,  nuclcins,  lecithins,  etc.;  as  well  as  calcium  and  other  inor^nic  phosphates 

R6le  of  Organic  and  Inorganic  Phosphate  Compotinds  in  Nutritiao.— 

Animals  which  receive  an  adequate  supply  of  inorganic  phosphates  require 
very  little,  if  any,  organic  phosphorus  compounds  (Review,  Marshall. 
1915).  The  presence  of  some  organic  phosphorus  in  the  food  appears  to 
favor  nutrition;  but  this  may  be  due  to  the  association  of  some  "vitamin" 
or  similar  substance. 

Synthesis  of  I^ecithin. — Miescher,  iSq6,  deduced  that  the  producdoa  of  roe  and  milt 
in  the  fasting  salmons  must  involve  the  synthesis  of  large  amounts  of  phospboriicd 
fats  from  inorganic  phosphorus  compounds.  Rochmann,  1908.  showed  that  mice  cia 
be  maintained  for  two  generations  on  lecithin-free  food;  and  Fingcrling,  ipia,  uA 
McCoUura,  Hatpin  and  Drescher,  igis,  demonstrated  that  the  organic  phosphonit  of 
egg-yolk  can  be  formed  from  inorganic  phosphorus  compounds,  iuncc  it  \&  not  dimin- 
ished if  birds  arc  kept  on  a  diet  free  from  organic  phosphorus.  Pliminer.  1015*  caott 
to  the  same  conclusion.  Macallum  found  no  phosphate  ions  in  the  nuclei,  so  that  t}w 
nucleins  are  probably  not  formed  here. 

Daily  Phosphorus  Requirements. — Under  ordinary  conditions,  the  daily  phospboras 
excretion  of  normal  human  adults  is  equivalent  to  about  1.5  to  1.75  Gm.  of  P,  or  about 
3.5  Gm.of  PO*.  This  must  be  replaced  by  a  corresponding  income  to  preserve  a  htlanct 
The  ordinary  diet  contains  about  this  amount  (from  1.52  to  5.88  Om.,  avenge  ,\  On>.. 
of  PO4  (Sherman,  Mettler  and  Sinclair,  iqio).  Under  special  conditions  of  diet.eauiH- 
brium  may  be  preserved  temporarily  with  o.g  Gm.  of  P.  This  is  also  the  avcrajt  atilf 
excretion  in  fasting. 

Phosphorus  Balance. — Increased  intake  of  phosphorus  compounds  is  followed  ^ 
increased  elimination:  in  carnivora  mainly  by  the  urine;  in  herbivora  mainly  by  t^ 
feces;  in  omnivora  by  either,  according  to  the  diet.  A  portion  of  the  excess  is  rrt-iincA 
especially  in  growing  animals  or  after  wasting  diseases.  The  retention  is  dii 
by  deficiency  of  calcium  or  excess  of  magnesium  in  the  food.  The  bones  coi 
important  depots  for  a  phosphate  reserve.  The  deposition  of  phosphate  in 
hindered  by  inorganic  acids,  calcium-predpititing  ions,  or  high  potassium  or  low 
content  of  the  ration. 
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Con-s  during  lactation  lose  considerable  phosphate.  This  may  be  corrected  by  the 
addition  of  bone  and  calcium  carbonate  to  tnc  food  (Forbes  et  al.,  igiy,  iqi8). 

Excision  of  the  parathyroids  is  foUoivcd  by  marked  retention  of  phosphorus,  increas- 
ing ils  concentratiun  in  the  blood  (Greenwald,  igi6). 

Deficient  Phosphorus  Income. — If  this  falls  below  the  normal  requirement,  the  ex- 
cretion, and  finally  the  phosphorus  content  of  the  tissues,  is  diminished. 

The  phosphorus  of  tne  plasma,  both  organic  and  inorganic  varies  rather  widely  and 
is  influenced  by  the  food  (Meigs  et  al.  1910).  Itsdiminution  soon  leads  to  disturbances 
of  growth  and  nutrition,  the  spongy  tissue  of  the  bones  being  most  affected  (Masslow, 
igx4l.  The  bones  liecome  solt  and  flexible  when  their  phosphorus  content  has  fallen 
by  one-sixth  (Heubner,  191411,     In  fasting,  the  loss  of  phosphorus  is  considerable. 

Growth  thai  has  been  interrupted  by  phosphor-deficiency,  is  resumed  wlien  phos- 
phorus compounds  are  added.  Inorganic  phosphates  are  perfectly  elBdcnt  for  this 
purpose  (OsDorne  and  Mcndal,  1918). 

Phosphorus  Compounds  as  "Tonics," — As  was  pointed  out  in  the 
introductory  paragraph,  the  extensive  employment  of  phosphate  com- 
pounds as  tonics,  [jarticularly  as  "nerve  foods,"  was  based  on  mistaken 
theoretical  conceptions.  With  the  doubtful  exception  of  lecithin,  it  lacks 
all  experimental  or  reliable  clinical  foundation. 

Phosphorus  in  Nerve  Tissue,— Phosphatida,  especially  lecithin,  are  contained  in 
glands,  cell  membranes  (especially  of  the  red  corpuscles) ,  and  nerve  tissue,  where  they 
subserve  important  physical  and  chemical  functions.  Nervous  tissue  is  rich  in  phos- 
phorus (Vi  per  cent,  of  moist;  i^  per  cent,  of  dry);  but  not  more  so  than  glandular 
organs.  Its  phosphatid  content  (37  per  cent,  of  'try),  however,  is  three  times  or  more 
that  of  slands.  Its  importance  therefore  cin  not  be  doubted;  but  the  percentage  of 
phosphorus  is  not  decreased  even  in  severe  nervous  diseases  (dementia  precox).  Nerv- 
ous  oiseases  are  therefore  not  due  to  delJciency  of  lecithin  (W.  Koch,  1909). 

Even  in  growth,  when  the  nervous  tissue,  and  therefore  its  lecithin,  increases  rapidly, 
an  abundance  of  phosphorus  compounds  is  supplied  by  the  food.  Moreover,  Hart, 
1908,  <howed  that  even  in  extreme  phosphorus  starvation  the  tissues  keep  up  their 
phosphorus  content  by  dramng  on  the  phosphates  of  the  bones.  The  effects  of  ^nth- 
noldmg  or  adding  inorganic  and  organic  phosphorus  compounds  to  the  food  of  growing 
dogs  was  studied  by  Durlach,  igi.^. 

The  lecithin  content  of  different  tissues  was  studied  by  Cruilcshank,  1913;  il  is  also 
discussed  in  Merck's  Reports,  36:6. 

LECITHIN 

General  Statement. — This  is  probably  the  most  promising  of  the  phos- 
phorus tonics.  There  is  at  least  some  experimental  evidence  that  its 
administration  favors  growth,  although  this  is  open  to  suspicion.  It  has 
not  achieved  a  secure  place  in  therapeutics.  The  occurrence,  composition 
and  properties  have  been  sufficiently  discussed  in  the  preceding  paragraphs. 

Lecithin  Content  of  Food.— The  ordinary  mixed  diet  contains  at  least  5  Gm.  of 
lecithin  daily;  and  this  can  be  doubled  by  adding  a  couple  of  eggs  (egg-yolk  contains 
6.8  per  cent,  of  lecithin);  or  by  liver  or  sweetbreads,  which  are  also  rich  in  phosphorus. 
In  comparison  with  this,  the  phosphorus  content  of  medicines  is  ridiculously  small; 
for  instance,  the  daily  dose  of  lecithin  amounts  to  only  0.3  Om.  Milk,  however,  is 
rather  poor  in  lecithin  (1  pint  contains  o.j  to  0,4  Gm.)  (W.  Koch,  1905);  but  the  organ- 
ism is  able  to  synthesize  its  lecithin  from  inorganic  phosphates. 

Fate  of  Lecithin. — Modern  investigators  agree  that  hltle,  if  any,  lecithin  is  absorbed 
as  such  (conlrarv*  to  the  opinion  of  Bunge);  but  that  the  fat-splitting  enzymes  of  the 
intestines  split  off  the  ^lycerophosphoric  acid,  which  is  further  decomposed  into  phos- 

P boric  acicl  before  it  is  absorbed  (Bokay,  1S77;  Pasqualis,  i-^^;  PUmmer.  1913). 
ossibly  a  fraction  of  the  glycerophosphoric  acid,  and  even  of  undecomposed  lecithin,  is 
absorbed  before  the  cleavage  is  completed.  In  this  case,  or  if  the  lecithin  is  introduced 
parenterally,  the  cleavage  occurs  in  the  tissues;  the  excretion  being  entirely  as  inorganic 
phosphates. 

Kffects  on  Grovrth.— Danilewsky,  1895  and  1896,  believed  that  feeding  isolated 
ledtbin  stimulates  the  processes  of  growth,  prtKlucing  increase  of  red  corpuscles  and 
■ccelerated  physical  development  as  compared  with  control  animals.  The  growth  of 
■     "      fjis  also  increased.     The  di\'i3ion-rate  of  Paramecium  is  slowed  by  leathin. 
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-  Since  the  experimental  quantities  were  too  smalt  to  have  much  food  value,  they  would 
have  acted  as  true  stimulants.  However,  a  critical  attitude  toward  these  !^tatemriiis 
appears  justiticd.  It  is  rather  remarkiible  that  the  addition  of  these  small  doses  of 
isolated  lecitiiin  should  have  effects  which  arc  not  produced  by  tlie  much  larger  quiinti-' 
ties  in  the  ordinar>*  diet.  Moreover,  several  recent  investigators  iGoldfarb,  igorj 
Yoshimoto.  1910)  were  unable  to  confirm  the  experimental  data.  They  obuiocd 
negative  results  even  with  long-continued  administration. 

On  the  other  hand,  the  liplns  of  egg-yolk  or  butter-fat  have  a  positive  effect  on  tin 
growtli  of  raLs  kept  on  a  uniform  artificial  diet  (McCollum  and  Davis.  1914;  OtbonM 
and  Mendel';  but  this  is  not  due  to  phospho-Hpins. 

When  lecithin  is  administered  tolactatingmice,  the  growth  of  the  5»rA/(ff£;  is  sUgLily 
retarded  (Robertson  and  Cutler,  igi6). 

Effects  on  Metabolism.-  -The  statements  arc  similarly  contradictory.  Tunnidifie, 
1906.  and  Slowtzoff,  1000,  described  retention  of  nitrogen  and  phosphoric  add. 

The  Clinical  Data. — I'hese  arc  even  more  unsatisfactorj'  Uian  the  cxperimentAl, 
although  apparently  successful  tonic  and  hcmatinic  effects  have  been  described  (f-i-, 
Serono,  iHg;;  Cronheim  and  Mueller,  iQOjt,  etc.). 

Carcinoma — Hypodermic  injection  retards  the  growth  of  rat-carcinoma;  oral  ad* 
ministration  is  not  eflective,  prct^umalily  because  the  lecithin  is  decomposed  bcfoM 
absorption  (Robertson  and  Burnett,  1Q16). 

Action  on  Circulation.— Danilewsky^  1906,  Michailowsky.  xpxo;  and  KatzDcboo, 
1910,  state  that  the  heart  of  frogs  and  rabbits  is  stimulated  by  dilute^  depressed  Iqp 
concentrated  solutions.  Lifsc.hit2,  1910,  describes  rise  of  blood  pressure  and  ca 
stimulation.  Lawrow  and  Woronxow.  191  J,  produced  a  marked  antagonistic  effect 
cardiac  [wisons  (chlomi  and  other  lipolytic  narcotics)  in  mammals,  by  the  intra 
injection  of  o.i  Gm.  per  kilogram,  as  5  per  cent,  emulsion.  Much  larger  do«s 
harmless.  The  results  were  still  more  marked  in  cvrisod  hearL'i.  They  attribute  the 
effects  partly  to  direct  cardiac  stimulation,  partly  to  disintoxication  of  the  lipolytic 
poisons,  liauschmidt,  19 13,  confirms  that  intravenous  injection  is  harmless  and 
lessens  the  toxicity  of  tlie  lipolytic  narcotics  and  also  of  curare,  strychnin  and  morphia; 
but  that  it  increases  the  toxicity  of  ricin. 

Rdle  In  Fat-Assimilation. — Bloor,  1915,  et  seq.,  found  that  the  lecithin  cmUnteftk 
biood  increases  by  10  to  35  per  cent,  during  the  absorption  of  fats,  generally  parallel  to  [ 
the  increase  of  blood  fat.     The  accumulation  of  ledthin  is  Rreatcsl  in  the  corpusdrt, 
which  contain  about  twice  as  much  as  tlie  pliisma.     The  cholesterol  content  (which  is 
about  ecfual  in  the  corpuscles  and  plasma.)  is  not  increased  by  feeding  fats. 

These  data  indicate  an  important  r6le  of  ledthin  in  fat  assimilation.  RIoor  believes 
that  ledthin  is  a  regular  stage  in  fat  metabolism,  through  which  all  fats  must  pass  befoit 
they  arc  assimilated.     The  formation  of  lecithin  probably  occurs  in  the  liver. 

Lecithin  on  Cutaneous  Absorption. — Borshim,  igu,  claimed  that  small  amounts. 
rublied  inlo  tlit  skin  Ix-foro  the  application  of  a  potassium  iodid  solution  increaM?  its 
absorption;  while  large  amounts  nave  the  reverse  effect.  Glucose,  salicylic  add  and 
tetanus  tuxin  were  not  absorl>cd. 

Administration. — Commercial  lecithin  may  he  administered  as  pills,  01  to  ft 5 
Gra.,  I  ^-2  to  8  gr.  per  day;  for  infants,  one-third  of  this  dosage.  It  has  also  been  pwc 
hvpodermically,  i  c.c.  of  5  per  cent,  in  oil;  but  in  view  of  the  impurities,  this  is  not  *!- 
visahle.  It  is  incompatible  with  alkalies  (Details  of  administration;  Merck's  Rq»rt& 
26:40). 

PHYTIN 

This  consists  of  the  salts  (usually  calcium)  of  an  organic  phosphoric  acid.  prohaUy 
containing  inosit  (presumably  inosit-hcxaphosphoric  acid).  It  is  widely  distrih*H<d 
in  plants  (bibliography,  A.  R.  Rose,  1912).  It  is  prepared  from  plant  seed*.  aJid  hi» 
been  proposed  as  a  substitute  for  lecithin.  It  is  absorbed  and  metaboli^xl.  but  niatf 
be  decomposed  before  it  can  be  used  by  the  tissues.  Abundant  amounts  arc  contained 
in  ordinaryfood;  and  there  is  no  dear  evidence  that  it  is  superior  to  inorganic  pbosphato- 

GLYCEROPHOSPHATES 

These  are  absorbed  in  part  unchanged,  but  for  the  greaterpart  ore  decomposed  is 
the  intestines  inlo  ordinary  phosphates  (Plimmer,  1913).  Tne  excretion  is  eotirdy' 
as  phosphate. 

Since  lecithin  is  split  into  glycerophosphates  in  the  intestines  it  was  sv 
Pasqualis,  1894,   Buelow,  1R94,  and  Robm,   1894,  that  the  direct  admii 
the  cheaper  glycerophosphates  (especially  the  calcium  salt)  should  accomplish  iJic  ;-^'°5J 
results.     However,  according  to  Willstaettcr,  the  synthetic  glyccrophosphoric  »r^'  *" 
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not  identical  with  that  formed  from  iedthin.  In  any  event,  the  evidence  of  its  use- 
fulness is  even  less  convincing  than  for  lecithin  (Report,  Counc.  Pharm.  Chem.,  <9i6r 
J.  A.  M.  A.,  67,  1033). 

A  proprietary-  compound  of  glycerophosphates  and  casein  has  been  widely  and 
extravagantly  advertised  as  "  Sanatogcn."  It  tb  a  very  costly  food,  in  00  sense  superior 
to  ordinary  casein,  such  as  cottage  cheese  (Street,  1914). 

PREPARATIONS — GLYCEROPHOSPHATES 

Co/n't  Glyc^rophospkaa  (Calc.  Oly'cerophos.),  U.S.P.;  the  normal  calcium  salt  of 
glycerophosphoric  acid  (CiH6(0H1jP0«Ca). — The  most  commonly  used  glycerophos- 
phate. Fine,  white  powder;  odorless  and  almost  tasteless,  somewhat  hygroscopic. 
Sol.  in  water  (1:50);  insol.  in  ale.  Solutions  of  glycerophosphates  arc  decomposed  on 
heating,     Dosc^  0.2s  Gm.,  4  gr..  U.S.P. 

.W.  Glycerophos.,  U.S.P.— Not  less  than  68  per  cent,  of  CaHi(OH),POjNa,.  White 
plates  or  scales,  or  powder;  saline  taste.  Ver>*  soL  in  water;  nearly  insoL  in  ale.  Dose^ 
0.25  Gm.,  4  gr.,  U.S.P. 

Liq.  Sod.  Glyceropfuis.,  U.S.P.— Mot  less  than  50  per  cent,  of  NajCiH»(0H),P04. 
DosCt  o.^S  C.C.,  6  miaims,  U.S.P. 

HYPOPHOSPHITES 

General  Statement. — These  were  introduced  by  Churchill,  iSi;^,  against  tuber- 
culosis, on  the  theory  that  phthi.sis  is  caused  by  lack  of  oxidation  and  tnat  this  would  be 
stiniulated  bv  organic  phosphorus;  and  that  the  hypophosphites  -vould  be  converted 
into  this  "phospnatide  element.**  On  the  basis  of  this  fantastic  theory,  they  have 
been  used  consiaerabty  as  tonics  in  tuberculosis.  The  clinical  evidence  is  too  indefinite 
and  the  experimental  evidi*nce  is  generally  n^ative  (Marriott,  xoi6).  (Report  Counc. 
Pharm.  Chem.,  1Q16,  J.  A.  M.  A.,  67,  760.) 

The  h>'pophosphites  are  excreted  rapidly  and  almost  completely  unchanged  (85  per 
cent.;  Marriott,  1Q16)  by  the  urine  [Paquelin  and  Joly;  Boddaert,  1S95;  Massol  and 
Gamel,  i<)or);  a  trace  may  pi:pwihly  Iw  oviHized  CDelaini,  1911).  ^Patto,  1910,  claims 
that  only  a  fraction  is  excreted  unrhange<l.)     They  are  not  diuretic. 

The  unscientific  status  of  the  hypophosphites  is  reflected  in  the  polypharmacal 
syruM  in  which  they  are  generally  prcscriben,  such  as  the  Syrupus  Hj-pophosphitum, 
U.S-P..  containing  four  -  ifferent  hypophosphites,  dose  10  c.c,;and  theSyrupus  Hypo- 
phosphitum  compositus  (dose  10  c.c),  containing  six  hypophosphites  l>esiaes  quintn 
and  str^'chnin;  there  is  also  an  emulsion  of  cod  liver  oil  with  nypophosphites. 

The  h>'pophosphites  are  easily  soluble  in  water;  dose,  o.x  to  i  Gm.;  1  to  15  gr.  The 
calcium  salt  is  probably  the  most  important. 


PREP/\RATIONS — HYPOPnOSPHITES 

Acidum  Hypophosphorosum  (Acid.  Hypophos.),  U.S.P. — About  31  per  cent,  of 
HPHtOj.     Colorless  or  slightly  yellow,  odorless  liquid.     Intensely  acid  taste. 

Arid.  IJypophos.  Dit ,  U.S.P. — .\hout  10  per  cent,  nf  HPHjO?.  Colorless,  odorless 
liquid;  stronglv  acid  taste.     Dose,  0.5  c.c.,  8  minims,  U.S.P. 

CalcH  Hypophospki.^  (Calc.  Hypophos.),  U.S.P..  B.P.;  Ca(PHtOt)3.— Colorless, 
transparent  prisms,  or  small  lustrous  scales,  or  a  white,  crystalline  powder;  odorless, 
nauseous  ana  bitter  taste.  Freely  sol.  in  water  (i;6.5);  insol.  in  ale.  Dose,  0.5  Gm., 
8  gr.,  U.S.P.;  0.2  to  0.6  Gm..  j  to  10  gr.,  B.P. 

Pot.  Uvpophos,^  U.S.P.;  KPH3O1.— Very  sol.  in  water  (x:o.6).  Dose,  0.3  Gm., 
8  gr..  US  P. 

Sod.  IJypophos.,  U.S.P.,  B.P.;  NaPHjOi  +  HaO.— Saline  taste.  Freely  sol.  in 
water  (i:  i);  sol.  in  ale.     Dost,  i  Gm.,  15  gr.,  U.S.P. 

Syrupus  HvptfphnspkHum  (Syr.  Hypophos.),  U.S.P. — Contains  a  mixture  of  calcium, 
potassium  and  sodium  hypophosphites  (total,  7.5  per  cent.),  acidulated  with  hypophos- 
phorous  add-     Dose,  10  c.c.,  2*-^  drams,  U.S.P. 

Syrupus  Hypophos pkitum  Compositus,  N.F. — Contains  the  above,  also  the  hypo- 
phosphites of  Fc  and  Mn,  with  ouininand  strychnin.  Dose,  10  c.c,  2  drams; contains 
II  mg.  (H  gr)  quinin;  i.i  mg.  (Ho  g^-)  strychnin. 
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APPENDIX  A.~TABULATION  OF  AVERAGE  DOSES 

The  following  list  may  aid  in  memorizing  the  subject.  The  drugs 
have  been  divided  into  four  groups,  according  to  the  order  of  their  practical 
importance.  It  is  not  advisable  that  medical  students  should  trouble 
themselves  with  group  D;  nor  very  much  with  group  C. 

AVERAGE  DOSES 

Group  A. — Highest  Importance 


Scopolamin 

Atropin 

Stropfaanthin 

Stiycfanin  Salts 

Araen.  Triox 

Merairic  Salts 

Apomorph.  Hydrochl 

Morphin  Salts 

Pilocarpin  Salts 

Hydraig.  Chlor.  Mit 

Codcin  Salts 

Sp.  Glyceryl.  Nit 

C^ium 

Quinin  Salts 

Arsenic  Solutions 

(Except  liq.  Arsen.  et  Hg.  lod 


0.0003 

0.0005 

o.ooz 

0.0015 

0.003 

0.003 
0.00s 
0.008 

O.OI 

o.ois 

03 

05 
06 

X 
2 

1) 


Acetanil 0.3 

Hexam o.  25 

Acetphen 0.3 

lodias,  Sod.,  Pot.,  etc 0.3 

Bismuth,  Insol.  Salts 0.5 

Chloral  Hydr 0.5 

Tr.  Di^t 0.5 

Tr.  Opii o.s 

Bicarb.,  Sod,  or  Pot i 

Bromids,  Sod.,  Pot.  etc i 

Salicylates,  Sod.  or  Stront i 

Inf.  Digit 4 

Tr.  Opii  Camph 4 


Group  B  —Very  Iicportant 


Onbain 0.0005 

Phosphor 0.0005 

Epineph o. 0005 

Physostigmin,  Sal o .  ooz 

IMacetylmorph.  Hydrochl 0.003 

Elaterin 0.003 

Hydrarg.  Salic o .  004 

Antim.  et  Pot.  Tart o. 005 

Res.  Podolph o. 01 

Aloin 0.015 

Ext.  Bellad.  Fol 0.0x5 

Emetin.  Hydrochl o. 02 

01.  Phosphor o. 05 

01.  TSglii 0.05 

Digit 0.06 

Ferr.  Reduct o, 06 

Santonin 0.06 

Sod.  Cacodyl 0.06 

Sod.  Nitris o .  06 

Resordn o.  125 

Cafiein o.  15 

Phenolphthx^l 0.15 

Amyl  Nitris 0.2 

Canoph 0.2 

01.  Chenopod o .  a 

Aloe 0.25 

Cupr.  Sulph o.  25 


Ferr.  et  Ammon.  Git o.  35 

Mass.  Ferr.  Garb o.  25 

Mass.  Hydrarg o.  25 

Terpin  Hydr o.  25 

Theophyllin o.  25 

Add  Acetyl  Sal 0.3 

Ammon.  Garb,  or  Chlor 0.3 

Antipyr 0.3 

Tr.  Aconit o.,x 

Add  Phenyldnch 0.5 

01.  Santal 0.5 

Pulv.  Ipecac,  et  Opii 0.5 

Arsphenamin 0.5 

Tr.  Nuc.  Vom 0,5 

Tr.  Strophantb 0.5 

Barbital 0,5 

Methyl  Salicyl o.  75 

Neoarsphenamin o.  75 

Sulphonal  or  Trional 0.75 

Acetate,  Pot.  or  Sod 

Acid.  Hydrochl.  Dil 

Calc.  Garb 

Case.  Sagr.  Fldext 

Citratp,  Pot.  or  Sod 

Ipecac 

Liq.  Hypophysis 

Syr-  Ipecac 
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Syr.  Ferr.  lod i 

Theobrom.  Sodio-Sal i 

Zinc.  Sulph i 

Case.  Sagr.  Arom.  Fldext 2 

Ergot,  Fldext 2 

Mag.  Oxid 2 

Oleores.  Aspid 2 

Paraldehyd 3 

Pulv.  Jalap.  Co 3 

Sp.  Ammon.  Arom 2 

Sp.  Ether.  Nitros 2 


Mag.  Carb s 

Pulv.  Glycyrrh.  Co 4 

Sod.  Phos 4 

Sulphur 4 

01.  Morrh 10 

Pot.  et  Sod.  Tart 10 

Syr.  Rhei  Arom 10 

01.  Ridn IS 

Petrolat.  Liq 15 

Sulphate,  Mag.  or  Sod 15 

Liq.  Mag.  Cit 300 


Group  C — Fairly  Iupostant 


Aconitin 

Hyoscyamin 

Colchicin 

Homatrop.  Hydrobr 

Sod.  Arsen 

Ext.  Cannab 

Hydrarg.  lod.  Flav 

Hydras  tin 

Spartein.  Sulph 

Ethylmorph.  Hydrochl 

Cocain  Hydrochl 

Erythr.  Tetranit 

Ext.  Opii 

Hydrastinin  Hydrochl 

Bellad.  Rad.,  Fldext 

Cannab.,  Fldext 

Fldext.  Ipecac 

Papaverin  Sulph 

Thiosinamin 

Cotarnin.  Hydrochl 

Ext.  Colch 

Ext.  Hyoscy 

Phenol 

Plumb.  Acet 

Pot.  Permang 

Acid.  Hydrocyan.  Dil 

Ext.  Fel.  Bov 

Ferr.  Sulph.  Exsic 

Tr.  lodi 

Thymol 

Zinc.  Acet.  or  Valer 

Cinchonin.   or   Cinchonidin. 

Sulph 

Methylthionin.  Chlor 

VolatUeOUs 

(Except  01.  Amygd.  Amar — 

(Except  01.  Tercb.  Rect 

(except  01.  Cubeb 

(Except  01.  Eucalypt 

(Except  01.  Santal 

(Except  Of.  Gaulth 

lAq.  lodi  Co 

Quin.  Tann 

Ferr.  Carb.  Sacch 

Asafoet 

Creosot 

Ext.  Case.  Sagr 

Ext.  Ergot 

Ext.  Gent 

Ext.  Rhei 

Glycerophos.,  Calc.  or  Sod 

Hydrarg.  c.  Cret 


0.000x5 

0.0003 

0.0005 

0.0005 

0.005 

o.oi 

O.OI 
O.OI 
O.OI 

0.015 
o.ois 

0.03 
0.03 
0.03 
0.05 
0.05 
0.05 
0.05 

OS 
06 
06 
06 
06 
06 
06 

O.l 
O.  I 
O.I 
O.X 

0.125 
0.125 


o.is 
o.is 
0.2 

o.o: 


s) 

75) 

2 

2 

as 

25 

25 

25 
35 

25 
0.25 
0.25 
0.25 


lodof o.  25 

Pellet.  Tann o.  25 

Pot.  Chloras o.  25 

Tr.  Gelsem 0,25 

Caff.  Cit.  or  Caff.  Sod.  Benz.. . .  0.3 

Chlorof 0.3 

Phenyl  Sal 0.3 

Add.  Benz 0.5 

Add.  Bor 0.5 

Add.  Tann 0.5 

Alum. 0.5 

Butyl  Chloral  Hydr 0.5 

Calc.  Chlor.  or  lict 0.5 

Chlorbutanol 0.5 

Guaiacol 0.5 

Hyp9phos.  Calc.  or  Pot 0.5 

Oleores.  Cubeb 0.5 

Pancreat 0.5 

Pepsin 0.5 

Pot.  Nitras 0. 5 

Tr.  Cannabis 0.5 

Tr.  Capsic 0.5 

Tr.  Ferr.  Chlor 0.5 

Tr.  Vcratr.  Vir 0.5 

Tr.  Bellad.  Fol 0.75 

Acid.  Nitrohydrochl.  Dil i 

Ether i 

Ethyl  Carbarn i 

Benzoates,  Sod.  or  Ammon x 

Carbo  Lig t 

Copaib 1 

Ext.  Tarax i 

Guaiacol.  Carb 1 

Quin.  et  Ureae  Hydrochl i 

Sp.  Camph i 

Tannalbm i 

Tr.  Lobel i 

Tr.  Sdll I 

Vin.  Antim , . . .  i 

Vin.  Colch l 

Sod.  Phos.  Add 1.5 

Spirits 2 

(Except  Sp.  Glycei^  Nit o.oj) 

(Except  Sp.  Amygd.  Amar. . .  0.5J 

(Except  Sp.  iEther 4) 

(Except  Sp.  Juniper  Co 10) 

Fldext.  Buchu % . . .  a 

Fldext.  Glycyrrh 2 

Fldext.  Senn 2 

Fldext.  Hydrast a 

Pot.  Bitort ,...  2 

Sp.  Chlorof •....  2 
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dU 2 

dll.  Co 2 

ird 2 

)lch 2 

yoscy 2 

lass 3 

lei  Arom 2 

Jer.  Ammon 2 

Qgib 2 

Jrsi,  Fldext 2 

rr.  Quin.  et  Strych.  Phos. .  4 

in-.--^ 4 

ydrog.  Dioxid 4 

a  Bism 4 

ther 4 

ic.  Liq 4 

sneg 4 

■nn 4 

Jumb 4 

rd.  Co 4 

ttch.  and  Co 4 

^bir  Co 4 

at-  Co 4 


Tr.  Hydrast 4 

Tr.  Kono 4 

Agar 10 

Aq.  Camph 10 

Aq.  Creosot 10 

Magma  Mag 10 

Mist.  Glycyrrh.  Co 10 

Sinapis 10 

Flavoring  Syrups 15 

^Except  Pic.  Liq 4) 

(Except  Pruni.  Virg 4) 

Flavoring  Waters. 15 

(Except  Aq.  Amygd.  Amar. . .  4) 

Aq.  Chlorof *. ts 

Emtils.  Asafoet 15 

Emuls.  01  Morrh. 15 

Ext.  Malt IS 

Liq.  Ammon.  Acet 15 

Liq.  Calc 15 

Mist.  Crct 15 

Mudl.  Acac 15 

01.  Oliv 30 

Ferr.  Hydrox.  c.  Magn.  Oxid. .   120 


Group  D. — Suoht  Impoktance 

lod o 

t  Sod.  Chlor o 


rsen.  Exsic o, 

hysostig o, 

'it o. 

conit o. 

■elsem o. 

tramon o, 

lulph o. 

rg.  Succinim o. 

Nit o. 

.  Fldext o. 

dehyd o. 

iTobin o. 

olocynth o. 

I.  Fldext o. 

hysis  Sice o. 

I.  Capsic o. 

J.  Piper .0. 

s.  Sngib o. 

ophen o. 

Ilaterin o. 

n o. 

o. 

ol o. 

'om.  Fldext o. 

rsanil o. 

xid o. 

Fol o. 

^ulpb.  Ven o. 

o. 

ntb o. 

no.  Ext o. 

Ihlor o. 

lag o. 

>n o. 

anthus o. 

nthar o. 

:rr.  Chlor o. 


005  Sdll.  Fldext 0.1 

005  Verat.  Vir.  Fldext o.  i 

005  Bism.  et  Ammon.  Cit 0.125 

005  Oimbog 0.125 

008  Camph.  Monobrom 0.135 

01  Lobel.  Fldext o.  125 

01  Res.  Jalap o.  125 

oz  Sanguin o.  125 

01  Zinc  Phenolsulph 0.125 

01  Benzolsulphinin  (Sod.) 0.2 

ox  Bromof o.  2 

01  Colch.  Sem.  Fldext 0.2 

03  Eugenol o.  a 

03  Hyoscy.  Fldext o.  a 

03  Liq.  Ferr.  Subsulph o.  3 

03  01.  Pic.  Liq o.  3 

03  Res.  Scammon 0.2 

03  Betanapthol o.  35 

03  Caryoph o.  35 

03  Ext.  Cimidf o.  35 

03  C^nnam o.  25 

03  Colch.  Corm o.  25 

03  Ext.  Colocynth.  Co o.  25 

03  Ext.  Sumbul o.  35 

05  Ferr.  Phos o.  35 

05  Ferr.  et  Quin.  Cit o.  25 

05  Glycrrh,  Ammon o.  35 

05  Mangan.  Diox.  Prsec o.  35 

06  Mosch o.  35 

06  Scammon.  Rad o.  35 

06  Sod.  Carb.  Monohyd o.  25 

06  Sod.  Phenolsulph o.  35 

06  Supraren.  Sice o.  35 

06  Tereben o.  35 

06  Zinc.  Oxid o.  25 

06  Eucalyptol 0.3 

06  Glycer.  Phenol 0.3 

06  Piperazin 0.3 

I  Liq.  Sod.  Glycerophos o .  35 

I  Add.  Hydriod.  Dil o.  5 
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Add.  Hypophos.  Dil 

Add.  Tart 

AmmoD.  Salicyl 

Anis 

Coriand 

Diastas 

Euonjrm.  Cort 

Ext.  Hydrast 

Ext.  Viburn.  Prunif 

Galla 

Kino 

Lith.  Carb.  and  Citr 

Lupulin 

Myrist t 

Myrrh 

Oleores.  Petrosel 

01.  Cajup 

01.  Cubeb 

01.  Eucalypt 

Piper 

Pix.  Liq 

Podoph.,  Fldext 

Quass 

Tr.  Stramon 

Add.  Salicyl 

Apocyn.  Fldext 

Sod.  Bor 

Acet.  SdU 

Adds,  Dilute:  Hydrobr.,  Jfitr., 

Sulph 

Add.  Camph 

Add.  Gall 

Amylen  Hydr 

Aq.  Ammon 

Benzoin 

Card.  Sem 

Carum 

Chloral  Formam 

Cimidf.,  Fledxt 

Cinch.,  Fldext 

Creosot.  Carb 

Cubeb 

Fldext.  Arom 

Fldext.  Erodict 

Fldext.  Sabal 

Foenic 

Fransful,  Fldext 

Gambir 

Gentian  Fldext 

Guaiac 

Ichthyol 

Jalap 

Lactucar 

Liq.  Ferr.  Dial 

Liq.  Potass,  or  Sod.  Hydros. . . . 

Pot.  Carb 

Pulv.  Arom 

Rhei.  Fldext 

Seneg 

Serpent 

Sod.  Hypophos 

Sod.  Sulphis  Exsic 

Sod.  Thiosulph 

Styrax 


o.s  Tr.  Arnic 

o.  5  Tr.  Asafoet 

o.  5  Tr.  Benzoin 

O.S  Tr.  Myrrh 

o.  s  Tr.  Phy^ostig 

o.  5  ^n.  Ipecac 

o.  5  Zingib.,  Fldext 

o.  s  Add.  Acet.  Dil 

o.  s  Add.  Phosp.  Dil 

0.5  Calumb 

o.s  Emul.  01.  Tereb 

o.  5  Eucalypt.,  Fldext 

o.  s  Granat.,  Fldext 

o.s  Gossyp.  Rad.  Cort.  Fldext 

o.  s  Grindel.,  Fldext 

o.  s  Guaran.,  Fldext 

o.s  Pardra 

o.s  Pilocarp.,  Fldext 

0.5  Pnin.  Virg 

o.s  Pulv.  Cret.  Co 

o.  s  Pulv.  Rhei  Co 

0.5  Pyreth 

o.  S  Sarsap.,  Fldext.  and  Co 

o.  s  Sumbul.,  Fldext 

o.  75  Sod.  Phos.  Exsic 

o.  75  Stilling.  Fldext 

o.  75  Tr.  Aloes 

1  Tr.  Benzoin  Co 

Tr.  Qnnamon 

Tr.  Guaiac  Ammon 

Tr.  Lactucar 

Tr.  Lavand 

Tr.  Tolut 

Valer 

Viburn.  Prunif.,  Fldext 

Xanthox.,  Fldext 

Aspid 

Aspidosp.,  Flde.Tt 

Mel  Rosfe 

Menth.,  Pip.  or  Vir 

Pot.  Cit.  Eflf 

Spigel.,  Fldext 

Syr.  Add.  Hydriod 

TV.  Guaiac 4 

Tr.  Mosch 4 

Tr.  Rhei 4 

Tr.Valef 4 

Liq.  Sod.  Phos 10 

Sassafras 10 

Sod.  Phos.  Eff 10 

Syr.  Calc.  Lactopbos 10 

Syr.  Hypophos xo 

Syr.  Lactucar 10 

Syr.  Rhei 10 

Tarax.  Fldext 10 

Trit.,  Fldext 10 

Manna 15 

Matricar 15 

Liq.  Ferr.  et  Ammon.  Acet 15 

Liq.  Pot.  Cit 15 

Sod,  Chlor 15 

01.  Lini JO 

Pepo 30 

Int.  Senn.  Co iso 
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APPENDIX  B.— CHECK-LIST  FOR  THE  STUDY  OF 
PREPARATIONS 

Introductory. — The  student  should  keep  a  separate  notebook,  ruled 
in  columns  as  illustrated  in  the  schema,  into  which  the  names  of  the 
drugs  and  the  relevant  data  are  entered  as  they  arc  studied.  The  prepara- 
tion of  these  tables  is  probably  the  most  efficient  method  of  learning  the 
subject.  The  synonyms,  origin,  mlscibility,  dose,  and  remarks  wfll  be 
found  in  the  text.  The  appearance,  odor,  and  taste  should  be  studied 
directly  from  the  specimen.  It  is  highly  desirable  that  the  physician 
should  be  somewhat  familiar  with  the  physical  characters  of  the  principal 
drugs,  if  for  no  other  reason  than  that  it  will  give  him  some  confidence, 
save  him  some  embarrassment,  and  guarantee  the  proper  dispensing  of  his 
prescriptions.  This  knowledge  may  be  of  vital  importance  for  the  prompt 
diagnosis  of  poisoning. 

Those  drugs  which  may  be  readily  recognized  by  their  physical  char- 
acters are  marked  with  an  asterisk.  It  is  expected  that  the  student  will 
learn  these  so  that  he  can  identify  the  unlabelled  specimens.  The  other 
specimens  should  be  learned  sufficiently,  so  that  the  student  is  able  to 
decide  whether  or  not  an  unlabelled  sample  may  or  may  not  be  whatever 
is  suggested.  For  instance,  whether  a  white  powder  may  be  arsenic 
trioxid;  whether  a  colorless  fluid  may  he  Tincture  of  Nux  Vomica,  etc 
The  drugs  which  are  bracketed  in  the  list  are  for  inspection  only.  No 
data  need  be  entered  for  them. 

The  Hftteria  Medica  Museum  should  contain  the  drags  mendoned  in  the  follow- 
ing exercises.  These  may  be  duplioitcd  for  large  classes.  It  will  be  found  convenient 
to  arrange  the  dru^fs  in  the  order  of  (his  list. 

The  labels  should  give  the  name  of  the  drug;  whether  it  is  for  idcntiScation,  im- 
portant, or  unimportant;  and  whether  it  may  be  tasted.  Separate  gummed  slips, 
distinguished  by  colors,  are  very  handy  for  this  purpose. 


WfirTE  Labels 


Strong  Poison 


Do  Not 
Tiste. 


(Red  X^bel} 


Poison'  ^"" 


CaudDttily^ 


(Blue  Lflbel) 


Practically  Harmless, 


Identification. 

(Retl  Print) 

Important. 

(Blue  PrintJ 

Unimportant. 

(Green  Label  J 


(Black  Print) 


Other  drugs — especially  crude  specimens — are  valuable  for  reference,  but  may  be 
dispensed  with.  I]Iii>itnuions  and  herbarium  specimens  of  important  and  domestic 
medicinal  plants  arc  also  protitabte. 
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SCHEMA  FOR  THE  TABULATION  OF  MATERIA  MEDICA  NOTES 


English  and 
Latin  iwme 

Average  dose 

(u:s.p.) 

Origin:  (a) 
Part  of  plant 
used.     Impor- 
tant constitu- 
ents 

Per- 
cent- 
age 

Physical  Char- 
acters: Appear- 
ance.    Odor. 
Taste 

Miacilnlity  or 

solubility  in 

water. 

and 
synonym  (i) 

Metric 

U.S. 
system 

Remarb 

1 
1 

i 

1 

i 

! 

i 

* 
1 

Explanatory : 

(i)  Enter  the  full  Latin  name  and  the  abbreviation.  Synonyms  or 
English  Names  need  be  entered  only  if  they  difiFer  markedly  from  the 
Latin  name. 

(2)  The  origin  need  be  given  only  for  drugs  or  pre[>arations  derived 
from  the  organic  kingdom. 

CHECK  UST  OF  IMPORTANT  PRSPARATIOHS 

"H"  means  that  the  drug  is  harmless. 
"C"  that  it  may  be  tasted  cautiously. 
"Dnt.":  Do  Not  Taste! 


Colors 

Liq.  Carmin Dnt. 

(Coccus) Dnt. 

Tr.  Persion Dnt. 

Tr.  Curcum Dnt. 

Sugars  and  Syrups 
♦Sacch H 

•  Sacch.  Lact.  Pulv K 

•  Syr H 

♦Syr.  Add.Cit H 

*Syr.  Aur H 

•Syr.Tolu H 

*  Elixir  Atom H 

(Glycyrrh.  Rad.) H 

•  Syr.  Glycyrrh H 

*  Fldext.  Glycyrrh H 

^  EUx.  Glycyrrh H 

Aromatic  Waters,  Spirits  and  Oils 

*  Aq.  Cinnatn H 

(Ol.  Cassia) C 

*Aq.  Menth.  Pip H 

*Aq.  Ros H 

♦  Tr.  Card.  Co H 

(Card.  Sem.) H 


Feiments  and  Nutrients 

Pepsin H 

Pancreatin H 

•OIMorrh H 

•  Emul.  01.  Morrh H 

(Ext.  Malt.) H 

EmollientB 

*OI.  Oliv H 

•OI.Theobrom H 

•  Adeps  Benz Dnt 

•  Adeps  Lan.  Hyd Dot 

•  Petrolat Dnt 

•  Petrolat  Alb Dnt. 

•  Petrolat.  Liq H 

Demulcents 

•Glycer H 

Supp.  Glycerin No  spediwB 

•  Acac H 

*Mucil.  Acac H 

•Trag Dnt 

*GeIat Dot 

Protectives 

•  Amylum Dot 

•Talc.Purif Dnt 
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*  L^copod Dnt. 

*  Lmi  Sem.  Contus H 

(Linum) H 

*CoUod Dnt. 

Collod.  Flex Dnt. 

Gossyp.  Pu^f Dnt. 

Caustic  Alkalies 

*  Pot.  Hydrox Dnt. 

Uq.  Pot.  Hydrox Dnt. 

Sod.  Carb.  Monohyd C 

Sod.  Garb C 

Liq.Calc H 

Lin.  Calc Dnt. 

Soap,  Solphids  and  Sulphur 

Sapo Dnt. 

*  Sapo  Moll Dnt. 

*  Lin.  Sapon Dnt. 

Lin.  Sapon.  Moli Dnt. 

*  Pot.  sulphurat Dnt. 

Sulphur  Sublim H 

*  Sulphur  Lot H 

Ung.  Sulphur Dnt. 

Ichthyol C 

Caustk  Adds,  lodin,  Tancin 

*  Add,  Nit Dnt. 

•Tr.  lodi Dnt. 

(lodum) Dnt, 

*  Add.  Tann C 

*  Glycer.  Add.  Tann C 

(Galla) Dnt. 

Tannalbin C 

*  Tr.  Gambir.  Co C 

(Gambir) H 

VoUtile  Oils 

*  Asafet Dnt. 

*  Tr.  Valer.  Ammon C 

(Valer.) H 

•Ol.  Tereb C 

Ol.  Tereb.  Rect C 

*  Ol.  Pini  Pumil Dnt. 

Topin.  Hyd C 

*  of.  Eucalypt C 

Eucalyptol C 

*01.  Caryoph C 

*  Copaib C 

•Oi.  Santal C 

*  Tt.  Benzoin.  Co C 

(Benzoin) H 

•Bals.  Peruv C 

(Bab.Tolut.) H 

Tr.  Myrrh C 

(Myrrh) H 

*  Sinap.  Nig.  Pulv C 

(Sinap.  Nig.) C 

Emp.  Sinap No  spedmen 

OL  Sinap.  Vol Dnt. 

(Do  not  smell  directly) 

Rxed  Organic  Irritants 

Emp.  C^nthar No  spedmen 

(Canthar.) Dnt. 

Tr.  Capsic C 

6i 


(Capsic.) C 

Chiysarobin DnL 

Bitters  and  Carminatives 

Ext  (Sent C 

Tr.  Gent.  Co H 

(Gentian) H 

*  Sp.  Menth.  Pip C 

(OI.  Menth.  Pip.) C 

•Tr.  Zingiber C 

(Zingib.) H 

Emodin  Cathartics 

Ext.  Case.  Sagr Dnt 

•  Fldext  Case.  Sagr C 

•  Fldext  Case.  Sagr.  Arom H 

•Senna H 

Syr.  Senn H 

*  Pulv.  Glycyrrh.  Co H 

Syr.  Rhd..... H 

*  Syr.  Rhei  Arom H 

*  Tr.  Rhd  Arom H 

(Rheum) H 

Aloe C 

Aloin Dnt 

Phenolphthal C 

Otiier  Cathartics 

Ext  Fd.  Bov.  •. C 

•01.  Ridn H 

(Mist  01.  Ridn.) H 

Pulv.  Jalap.  Co C 

(Jalap) C 

Res.  Podoph Dnt 

(Podoph.  Rhiz.) C 

Elatenn Dnt 

OI.  Tiglii Dnt 

Anthelmintics 

Oleores.  Aspid C 

(Aspid.) C 

01.  Chenopod C 

Pellet.  Tann. Dnt 

Santonin C 

Strychnin 

Strych.  TSTit Dnt 

Ext  Nuc.  Vom Dnt 

Tr.  Nuc.  Vom C 

(Nux  Vom) Dnt 

Caffein 

C:affein C 

Ca£f.  at C 

Caff.  Sod.  Benz C 

Theobrom.  Sod.  Sal C 

TheophyU C 

Opium 

•Opium C 

•OpiiPulv C  ' 

•  ^Iist.  Glycyrrh.  Co H 

Pulv.  Ipecac,  et  Opii C 

•Tr.  Opii C 

•  Tr.  C^ii  Camph C  * 
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Tr.  OpuDeod C 

Morpn.  Hydrochl Dnt.^ 

Ethylmorph.  Hydrochl Dot. 

Diacetylmorph.  Hydrochl Dnt. 

Codein  Phos Dnt. 

Hydrastis,  Cannabis,  Cocain 

Fldext.  Hydrast H 

(Hydrastis) H 

Ext.  Cannab Dnt. 

Cocain.  Hydrochl Dnt. 

Procain Dnt. 

Atropin 

Homatrop.  Hydrobr Dnt. 

Atrop.  Sulph Dnt. 

Ext.  Bellad.  Fol Dnt. 

Tr.  BeUad Dnt. 

Ung.  Bellad Dnt 

Tr.  Hyoscy Dnt 

Stramon Dnt. 

Scopolamin.  Hydrobr Dnt. 

Pilocaipin  toEigot 

Pilocarp.  Nit Dnt 

Physosti^m.  Sal Dnt. 

(Physostigma) Dnt 

Tr.  Lobel Dnt 

5partein.  Sulph Dnt. 

Epineph ".   No  spedmen 

Liq.  Hypophysis No  specimen 

Thyroid  Sicc C 

*  Fldext  Ergot C 

(Ergot) C 

Nitrite 

*  Amyl.  Nitris Dnt. 

*  Sp.  ^ther.  Nitros C 

Sp.  Glyceryl  Nit Dnt. 

Sod.  Nitris Dnt 

Digitalis 

Digit Dnt 

Inf.  Digit C 

Tr.  Digit C 

Tr.  Strophanth C 

(Strophanthus) Dnt. 

Strophanthin No  specimen 

Syr.  Scill C 

Tr.  ScUI C 

(SdU.) C 

Camphor 

•Camph C 

•Aq.  Camph C 

*  Lin  Camph Dnt 

'  Sp.  Camph C 

•Menthol C 

Saponins  to  Colchicum 

Syr.  Sarsap.  Co H 

Tr.  Aconit Dnt. 

(Aconit.) Dnt 

Tr.  Verat  Vir Dnt 

Tr.  Colch Dnt 

(Colch.  Sem.) Dnt 


Apomoridiin  and  Ipecac 

Apomorph.  Hydrochl Dnt 

Ipecac,  rulv C 

(Ipecac.  Rad.) C 

Fldext  Ipecac C 

Syr.  Ipecac C 

Emetin.  Hydrochl No  spedmeo 

Quinin 

(^inin.  Bisulpb C 

Quinin.  Hydrochl C 

*  Quinin.  Sulph C 

Quinin.  Tann C 

?uinin.  et  Urea  Hydrochl C 

r.  Cinchon H 

*  Tr.  Cinchon.  Co H 

(Cinchona) H 

Antipyretics 

Acetanil C 

Acetphen C 

Antipyr C 

Coal  Tar  Antiseptics 

•Phenol Dnt. 

•Phenol.  Liq Dot. 

*  Ung.  Phenol Dnt. 

•Cresol '. Dnt. 

•Liq.  Cresol Dnt. 

Resordn C 

(Uva  Ursi) H 

*  Trinitrophen Dnt 

•Creosot C 

*  Guaia£ol C 

Guaiacol.  Carb C 

•PixLiq Dnt 

(Syr.  Pic.  Liq.) H 

•Ung.  Pic.  Liq Dot 

•Thymol C 

Betanaphthol C 

Add.  Benz C 

Sod.  Benz H 

*  Liq.  Antisept  .\lk H 

Add.  SaUc C 

•Sod.  Salic H 

Add.  Acetylsal C 

•Methyl  Salic C 

"  Phenyl  Salic C 

Add.  Phenylcinch C 

Benzosulphin C 

Bliscelianeous  Antisei>tic3 

•Liq.  Formald Dot 

Hexam H 

*  Calx  Chlorin Dnt 

*  Liq.  Sod.  Chlorin Dnt 

*  Liq.  Hydrog.  Diox H 

*  Pot.  Permang Dnt 

•Add.  Bor.  Pulv fl 

(Add.  Bor.  Cryst.l H 

Glycer.  Boroglvc H 

Ung.  Acid.  Bor Dnt 

*  Liq.  Antisent H 

•Sod.  Bor...' H 

•lodof Dnt. 

Thymol.  lod Dnt. 
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Serums  and  Vaccines 

Ser.  Antidipb.  Purif No  specimen 

Ser.  Antitet.  Purif No  spcdmen 

Ser.  Antitet.  Sice No  specimen 

Virus  vaccin No  specimen 

,Tuberculin  Old No  specimen 

Alcohol  and  Anesthetics 

♦Alcohol C  ' 

♦Chlorof C  • 

•Aq.  Chlorof H  ' 

Lin.  Chlorof Dnt. 

•iCther C 

•  Sp.  (Ether C 

Ethyl  Chlor No  specimen 

Hypnotics 

•Chloral  Hydr C 

*ParaIdehyd C 

Sulphonmeth , C 

Acid.  Diethylbarb C 

Gases 

Nitrogen  Monox No  specimen 

Oxygen No  specimen 

Cyanlds 

•  Add  Hydiocyan.  Dil Dnt. 

*Pot.  Cyan Dnt. 

•  Syr.  Pnin.  Virg H 

Cathartic  Salts 

Sod.  Sulph H 

Sod.  Phos H 

Sod.  Phos.  Eff H 

Sod.  Phos.  Add. H 

•Pot.  Bitart H 

•  Pot.  et  Sod.  Tart H 

•Mag.  Carb H 

Liq.  Mag.  Cit Dnt. 

►  Magma  Mag H 

Mag.  Oxid.  Pond H 

•Mag.  Sulph H 

Water 

Aqua No  spedmen 

Aq.  Dest No  spedmen 

Aq.  Dest.  Steril No  specimen 

Salt  Cathions 

Sod.  Chlor No  specimen 

Liq.  Sod.  Chlor.  Physiol.  . . .   No  spedmen 

Liq.  Ammon.  Acet H 

•  Ammon.  Carb C 

•  Sp.  Ammon.  Atom C 

•  Jimmon.  Chlor C 

•  Aq.  Ammon • Dnt. 

•  Lin.  Ammon Dnt. 

Calc.  Carb.  Prax: H 

•Cret.  Praep H 

Calc.  Chlor C 

Calc.  Lact C 

Calc.  Phosph H 


Salt  Anions 

Pot.  Brom H 

•Sod.  Brom H 

•Pot.  lod.. H 

Sod.  lod H 

•  Pot.  Chloras C 

Dilute  Adds  and  Alkalies 

Add.  Hydrochl.  Dil C 

Pot.  Bicarb H 

•  Sod.  Bicarb H 

•  Add.  Acet.  Dil H 

Pot.  Acet H 

•Add.  Cit H 

Pot.  Cit H 

Pot.  Cit.  Eff H 

Arsenicals 

Arsen.  Triox Dnt. 

Liq.  Add.  Arsen Dnt. 

Liq.  Arsen.  et.  Hydrarg.  lod Dnt, 

•  Liq.  Pot,  Arsen Dnt. 

Sod.  Arsen Dnt. 

Sod.  Cacodyl Dnt. 

Arsphenamin No  spedmen 

Neoarsphenamin No  specimen 

Antimony  and  Bismuth 

Antim.  et.  Pot.  Tart Dnt. 

Vin.  Antim C 

•  Bism.  Subcarb H 

Bism.  Subgall H 

Bism.  Subnit H 

Bism.  Subsalic H 

Iron 

•  Ferr.  Reduct H 

•  Ferr.  Carb.  Sacch H 

Mass.  Ferr.  Carb Dnt. 

•  Ferr.  et  Ammon.  Cit C 

Ferr.  Phos C 

•  El.  Ferr.  Quin.  et  Strych.  Phos. . .  C 

•Syr.  Ferr.  lod C 

Ferr.  Sulph.  Exsic C 

•Tr.  Ferr.  Chlor C 

Aluminum,  SUver  and  Copper 

•Alum C 

Alum.  Exsic Dnt. 

Liq.  Alum.  Acet Dnt. 

Arg.  Nit Dnt. 

•  Arg.  Nit.  Fus Dnt. 

Protargin  Mit Dnt. 

Protargin  Fortius Dnt. 

•Cupr.  Sulph C 

Zinc 

Zinc  Acet. C 

Liq.  Zinc.  Chlor Dnt. 

Zinc.  Sulph C 

Zinc.  Oxid H 

•  Ung.  Zinc.  Oxid Dnt. 
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Mercury  Hydrarg.  Chlor.  Corr Dnt 

.uriiy&;;;;::;;:;:;::::  ml  HyS'saiicyi Dnt 

Ung^Hycfrarg.  Dil Dnt.  t^^ 

01.  ODcreum Dnt.  „      .                     ^^^ 

Hydiarg.  Chlor.  Mit C  Plumb.  Acct Dnt 

Hydrarg.  lod.  Flav Dnt.      ^^-  Plumb.  Subacet Dnt 

Hydrarg.  Ammon Dnt.  _^      . 

Hydrarg.  Grid.  Flav Dnt.  Phoaphonis 

Ung.  Hydrarg.  Grid.  Flav Dnt.      •  Phosphor Dnt 
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Antispasmodics,  x66 
Antisyphilitics,  vegetable,  933 
Antithyroid  serums,  420 
Antitoxic  action  of  ions,  747 
!       serums,  625 
Antitoxin,  diphtheria,  626  to  639 

tetanus,  639 
Aperients,  203 
Apiol,  170 
Apnea,  712 
Apoatropin,  353 
Apocodcin,  327,  331,  523 
Apocynum,  487,  459  to  491 
Apomorphin,  520  to  533,  542 
Apothecaries*  weight,  45 
Apothesin,  297,  313 
Aq.  Ros.  Ung.,  1x4 
Aqua,  771 

distillata.  771 

rcgia.  154 

stcrilisata,  771 
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Aqiue,  30 

Arachis,  oleum,  no  * 

Araroba,  xq3 

Arbor  vitae,  170,  193 

Arbutin,  578 

Areca,  222 

Arecolin,  222,  357 

Aigenti  tiitras,  914 

oxidum,  915 

proteinas,  915 
Argyrism,  913 
Argyrol,  915 
Ansxma,  IQ2 
Aristochin,  555,  556 
Aristol,  623 
Armoracue  radix,  175 
Arnica,  168 
Aromatic  ammonia,  793 

fluidextract,  powder  and  syrup,  67 

waters,  30 
spirits  and  oils,  67 
Arsacetin,  870 
ArsanilalCjifitr'to  870 
Arseni  iodtaum,  866 

trioxidum,  865 
Arsenic  antidote,  903 

compounds,  inorganic,  858  to  866 
organic,  866  to  883 

white,  865 
Arsenicalis,  liquor,  866 
Arseniuretted  hydrogen,  863 
Arsenobenzol,  870  to  882 
Arsenoxid,  876 
Arsenous  acid,  865 
Arsphenamin,  S70  to  882 
Artificial  serums,  748  to  750 
Asafoetida,  265 
Ascaris  poison,  502 
Asarum,  198 
Ascaridol,  221 
Asphyxia,  709,  717 
Aspidtum,  2x8,  2x9 
Aspidosperma,  524 
Aspirin,  597 
Assa>nng,  28 
Asthma,  337 

powdere,  337 
Astraflttlus,  291; 
Astringent  action,  123 

styptics,  163 
Astringents,  metallic,  157 

vegetable,  159  to  163 
Atophan,  600  to  601 
Atoxyl,  869  to  870 
Atrocain,  353 
Atropamin,  335 

Atropin,  319  to  333,  334  to  352,  538 
Atropina,  351 . 
Atroscin,  335 
Auerbach's  plexus,  328 
Aurantii  cortex,  66,  67 

Acres,  67 
Autonomic  system,  315  to  333 

Bakin'g  powders,  906 
soda,  837 


Balanced  salt  rations,  746 

solutions,  table  of,  749,  783 
Balsams,  30,  17a 
Balsamum  peruvianum,  173 

tolutanum,  173 
Barbital,  703  to  703 
Barbitonum,  703 
Barium,  320  to  333,  806  to  807 
Bark,  17 

Barley  water,  1x8 
Barosma,  172 
Basedow's  disease,  419 
Bases,  organic,  850 
Bashams  mixture,  903 
Basilocon  ointment,  114 
Baths,  S4S 

Bayliss- Starling  reflex,  329 
Bebeerin,  196 
Beef  juices,  100 
Bee-poison,  502 
Beer,  659 
Beeswax,  1x4 
Be!ae  fructus,  162 
Belladonna,  334,  351 
Belladonnin,  335 
Benzaldehyd,  290 
Benzaldehydum,  723 
Benzamin,  3x4 
Benzene,  571 
Benzin,  571 

petroleum,  XX3 
Benzoates  and  benzoic  add,  586  to  58 
Benzoinated  lard,  iix 
Benzoinum,  173 
Benzol,  570  10571 
Benzol  derivatives,  563  to  606 
Benzosulphinid,  602 
Benzoyl  ecgonin,  305 
Benzoyl-morphin,  265 
Benzyl  alcohol,  313 

benzoate,  290 

bromid,  146 

carbinal,  314 
Berberin,  291 
Berberis,  X96 
Beryllium,  907 
Betaeucaina,  314 
Betain,  367 

Beta-imidazolylethylamin,  336  to  333 
Betaiminazolylethylamin,  434  to  436 
Beta-oxy butyric  acid,  717 
Beta-tetrahydronaphylamin,  537 
Bete),  X97 

nut,  357 
Betulx,  oleum,  599 
Bhang,  294 

Bibliography,  96^  to  1043 
Bicarbonate,  sodmm,  841  to  847 
Bile,  198,  30I,  209,  2X0 

salts.  2x0 
Bio-assay,  29 
B.I.P.P.,  623 
Birch,  oil  of,  599 
Bismuth,  89c  to  893 
Bitter  almond,  723 

apple,  21  s 
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Bitter  principle,  194 

principles,  20 

sweet,  501 
Bitters,  ip4 

aromatic,  197 

astringent,  197 

simple,  196 
Black  wash,  934 
Bladder,  urinary,  327 
Blaud's  pills,  902 
Bleaching  powder.  614  to  616 
Bleissig,  042 

Blindness  from  drugs,  377 
Blistering  collodion,  190 

gas,  175 

liquid,  191 
Blisters,  127,  190 
Blood,  molecular  concentration  of,  740  to 

742 
Blood  root,  290 

transfusion  of,  786 
Blue  cohosh,  500 

flag,  2x4 

mass,  933 

ointment,  934 

pills,  933 

vitriol,  917 
Blue-cross  shells,  147 
Bluestone,  917 
Body-surface,  91 
Bone  black,  1x9 

marrow,  426 
Borax,  620  to  621 
Boric  acid  and  borates,  620  to  621 
Borneol,  496 
Bomyval,  166 

Boroglycerini,  glyceritura,  622 
Bouillon  extracts,  too 
B.  P..  23 

Brain  extract,  443 
Brandy,  659 

Brass  founder's  ague,  918 
Brayera,  219 
Bromacetic  ether,  147 
Bromates,  824 
Brometone,  813 
Bromides,  808  to  813 
Bromidia,  698 
Bromin,  143,  154 
Bromiptn,  813 
Bromo- acetone,  146 
Bromoform,  692  to  693 
Bromo-ketone,  146 
Brom-strychnins,  229 
Bromural,  702,  703,  813 
Bronchial  muscles,  336 
Broom,  380 
Brovalol,  813 
Brown  mixture,  287 
Brucin,  229 

Brussels  Conference,  22 
Br>'onia,  214 
Buchheim,  80 
Buchu, 113 
Buckthorn,  205 
Bufa  agua,  386,  460 


Bufagin,  382 

Bufanin  and  bufotalin,  460 

Buffer-value,  835 

Bufotenin,  460 

Bulb,  17 

Bulmenia,  69 

Burow's  solution,  906 

Bursa  pastoris,  75 

Butea,  162,  222 

Butter,  III 

Butternut,  214 

Butyl-chloral  hydras,  699 

Butyrum,  11 1 

Cacao,  257 

butter,  no 
Cachets,  38 
Cachexia,  278 
Cacodylate,  868  to  869 
Cactus,  49X 
Cade,  oil  of,  583 
Cadmium,  919 
CKsium,  789 
Caffein,  241  to  258 

beverages,  256 

hyperthermia,  538 
Caffeol,  caffeon,  256 
Caffeotannic  acid,  256 
Cajuputi,  oleum,  168 
Calabar  bean,  361 
Calabarin,  363 
Calamus,  197 
Calcification,  798 
Calcii  bromidum,  813 

carbonas,  803 

chloridum,  803 

lactas,  803 

phosphas,  803 

sulphas  exsiccatus,  120 

suIphiduDrf^  150 
Calds,  liniinentun,  148 

liquor,  ^48 

saccharatus,  liquor,  148 
Calcium,  deprivation  of,  318 

hydroxide,  148 

oxid,  148 

salts,  795  to  803 
Calomel,  926  to  934 
Caltha,  191 
Calumba,  196 
Calx,  148 

chlorinata,  616 

sulphurata,  150 
Camas,  death,  509 
Cambogia,  215 
Camphor,  492  to  497 

momobromata,  497 
Camphoric  acid,  496 
Camphors,  21 
Canada  turpentine,  167 
Canadian  hemp,  487 
Canadin,  291 

Cancer,  chemotherapy  of,  858 
Cannabis,  294 

Cantharidin  and  cantharis,  i8q,  190 
Cantharidinum,  191 
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Capsicum,  t^x 
Capsules,  38 
Caramel,  a^  loi,  118 
Cafiiway,  68 
Carbinols,  ^-514 
Carbo,  119 

ligni,  iig 
Carbolic  acid,  pt  to  575 
Carbtm,  colloidal,  it8 

djoxidt  ;oS  to  712 

disulphid,  692 

monoxid,  71J  to  7x4 

tetrachlorid,  692 
Carbonic  acid»  708  to  71a 

oxid,  712  to  7^4 
Carbomzadon,  25 
Carbony[  chlorid;,  143 
Carbosant,  173 
Carbromal,  703 
Cardamomi  semen,  68 
Carbbad  salt,  773 
Canuin,  64 

Carminatives,  194,  197 
Carotin,  21 
Carrageen,  116 
Carron  oil,  148 
Carura,  68 
Carvon, 105 
CaiyophyUus,  169 
Coscara  sagrada,  305 
Cascarilla,  197 
Cascann,  20$ 
Casein,  100 
Cashew  nut,  no 
Cassia,  68 
Cassis  fructus,  206 

pulpa,  3q6 
Castor  oil,  210^211 
Casloreum,  1G6 
Catalase.  bjQ,  715 
CataphoresiSj  84 
Cataplasma,  41 

koalini,  itg 
Catcdtu,  162 
Cathartic  resins,  313 

salts,  756  to  767 
Cathartics,  vegetables  198 -to  ai6 
Catnip,  166 

Caulophyllum,  369,  450,  500 
Caustic  acids,  152 

poisoning,  lag 
Caustics.  Exed,  130 

volatile,  152 
Cauterization,  i2g 
Cayenne  pepper,  iqi 
Cecum,  331 
Cedarw'ood  oil,  i6<] 
Cedrdic  oleum,  169 
Cellulose,  18 
Centipede,  502 
Cephnlin,  Sec  Kephalitu 
Cephxlin,  524  to  529 

esters,  528 
Cera,  1x4 
Cerates,  40,  X14 
Cerntum  and  cerat.  res.,  I14 


Cerebral  compression,  543 
Cerebro-spinal  fluid,  excretion  of  drugs 

into,  90 
Cereus,  491 
Cerii  oxalas,  907 
Cerium,  907 
Cetaceum,  1x4 
Cetraria,  116 
Cevadilla,  509 
Cevadin,  509  to  513 
Chalk,  803 

mixture,  803 

prepared,  803 
Chalybeate  pills,  902 

water*,  773 
Chamomile,  197 
Chiiparro,  529 
Charas,  3g4 
Charcoal,  iig,  Z19 
Char  tee,  40 
Chartuls,  36 
Chaulmoogra  oil,  llg 
Cheimntbus,  460  to  491 
Chelidonin,  289 
Cherruclerium,  450 
Chemic  changes  in  drugs,  76 

construction,  75 
ChcniTcal  and  ptij-sical  basis  of  pharma- 
cology, 73  to  74 

antidotes,  55 
Chemolherapy,  867 
Chenopodium  oil,  220,  221 
Cherry-laurel,  723 
Chestnut,  450 

Cheyne-Stokes  respiration,  26a 
Chicory,  257 
Children,  doses  for,  91 
Chinoidin,  546 
Chinoaol,  586 
Chinotropin,  607 
Chirata,  196 
Chloral  hydrate,  699 
Chloralrtiidj  699 
Chloralose,  699 
Chloramin,  6x4  to  616 

T,  615 
Chlorate,  potassium,  823  to  824 
Chlorazenc,  699 
ChJarbutanol,  61 5 »  699 
Chlorctone,  609 
Chlorid  of  lime,  616 

retention,  77S 

sodium,  776  to  7S2 
Chlorin,  133  to  143,  154 

antiseptics,  614  to  6x6 
Chlorinated  lime,  614  to  616 
Chloro-acetone,    47 
Chloroform,  543,  662  to  693 

-acetone,  699 

anabcesia,  68 1 

poisoning,  delayed.  67S  to  680 
Chloroformamid,  699 
Chlf>rofnethyl-chloroformiit(i,  145 
Chloromomhids,  %^^,  662  to  693 
Chlorophyj,  31 
Chloropicrin*  145 
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Ouorofiis,  ()Ox 

Chioroisalpboiuc  add,  147 

Cbocolite.  256,  257 

CboUgogucs,  JO  I,  203 

CboUtc.  sodium,  210 

CboicstcnJ.  409,  502  to  504 

C!»liii,  319  to  333 ;  as  peristaltic  hormone, 

Cboododendron,  iq6 
CSoadrus,  116 
Cboroid  extracts,  442 
Chiomamn  substance.  385 
Ommates.  004  to  905 
Chromium  trioxid,  905 
Chr>-santhemum.  174,  193,  513 
Chr>-^arobinum.  192 
Chr>~sophamc  acid.  204 
Gcuta,  239 
Gcutoxin.  237 
Omidfuga,  197 
Qnchona,  545  to  557 
Gncbonamin.  552 
Oncbonicin.  546 
Cincbonidin.  553,  545  to  557 
Cincbonin.  552.  545  to  557 
Cinchonism,  551 
Cinchophen.  600  to  601 
Cinchotannic  acid.  545  to  557 
Cineoi.  167 
Gnnamic  acid.  589 
Cinnamomum,  68 
Gtarin.  600 
Ciuated  btood,  852 
Citrates.  851 
Citrine  ointment,  935 
Clarincation.  2S 
Clark's  rule.  01 

solution.  749 
Classiacalion  of  drags,  70 
ClaWcep*?,  426  to  432.  433 
Clai-in.  42S 
Cla\-isepsin.  428 
^'^Amate.  773 
CIo\es.  169 
Cnicus.  450 
Coagubbtlity  of  blood,  substance*  incnsas- 

ine.  163 
Coal  oil.  1 13 

tar.  5S3 
dyes,  605 
Cobalt.  Qig 
Cobra  venom.  501 
Coca.  :oo 
CocT  folia.  313 
Cocain.  313,  310.  32^.  327 

croup,  -'oo  to  314 

h;.TvrtherTrita.  5^S 

5w'-«;itutes,  .-oo  10314 
C«x-a.:r..i.  313 
C.x-."-'.us.  -\;o.  241 
Coccu*.  64 
Cxhiacal.  64 
Cocxir.ut.  -'.'* 
Cocis.  oleurr..  xzo 
C.i»i  liver  oil.  xoa 
Cxiein.  259  to  288,  542 


Codeina,  388 
Coffee,  241  to  258 

oil,  257 
Cognac,  6<9 
Cohosh,  black,  X97 

blue,  SCO 
Cola.  257 
Colation,  28 
Colchicin,  330,  5x7 
Colchicum,  517  to  519 
Collapse,  543 
Collargol,  9x5 
Cold,  external,  539 
Colds,  283 
Collidin,  375 
Collodia,  40 
CoUodium,  X30 
Colloid  infusions,  784 

laxatives,  216 

metals.  857  to  858 
Colloidal  solutions,  619,  725  to  710 
Colloids.  108 

and  edema,  755 

carbohydrate,  449 

on  absorption,  88 

on  diuresis,  784 

on  uterus  and  intestine,  326 
Coloc>'nth.  212,  2x4,  215 

diarrhea,  268 
Colombo.  196 
Colophony.  114 
Coloring,  64 
Columbian  spirits,  660 
Combined  action  of  drugs,  95 
Comminution.  24 
Concentration,  88 

and  actions,  77 

effect  of.  79 
Condiments,  194 
Conditions  influendng  drug  action,  92  to 

96 
Condurango,  197 
Confections,  31 
Coniin,  330 
Conium,  379 
Conjunctiva,  85 
Constitution,  on  action.  75 
Convallaria,  460  to  491 
Convulsant  poisons,  224 
Con\'ulsants  on  temperature.  5  58 
C  ^nxTilsions,  283 
Capaiba,  171, 172 
Copper.  916  to  9x7 
Corandmm.  68 

Coriaria  and  coriarxnyitizi,  2^0 
Cork.  iS 
Corn.  17 

smut.  433 
Comutin.  428 
Corpus  luteum,  451 
Correction,  58 
CorTv»sion,  122 
CorTosi\-e  effects,  130 

poisoning,  131 

sublimate,  934 
Cortex.  17 
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<x)tanun,  166,  agi*  292,  393 
Coto,  406 
Cotoin,  406 
Cotton,  120 

root  bark,  449 

seed  oil,  no 
Couch  grass,  117 
Cough  mixtures,  795 
■Counterirritation,  128 
Cowling's  rule,  91 
Cream  of  tartar,  763 

baking  powders,  906 
Creatin  elimination,  838 
Creolin,  577 
Creosote,  581  to  582 

carbonas,  58a 
Cresolin,  577 
Cresols,  575  to  576,  581 
Cresotinic  acids,  596 
Cresylic  acid,  576 
Creta  pneparata,  803 
Cretinism,  417 
Crocus,  65 

bulbs,  498 
Croton-chloral  hydrate,  699 
Croton  eluteria,  197 

oil,  216,  218 
Crotonolic  acid,  215 
Cubeb,  cubeba,  171,  172 
Cudbear,  64 
Culver's  root,  314 
Cumulative  action,  92 
Cuprein,  552 
Cupri  sulphas,  530,  917 
Curare,  318,  323  to  ^30,  381  to  384 
Curarin,  381 
Curcuma,  65 
Curcurbita;  semina,  222 
Curin,  381 

Cushny's  theory  of  urine  formation,  754 
Cusparia,  197 
Cusso,  219 
Cutaneous  irritation,  121 

therapeutic  indications,  128 
Cyanids,  51,  3^9*  7i9  to  7*3 
Cyanogen,  719  to  723 

chlorid,  719 
Cycloform,  315 
Cydonium,  no 
Cymarin,  487 
Cypripedium,  450 
Cystinuria,  847 
Cytisin,  369 
Cytisus,  380 

Dakin's  solution,  615 
Dalmation  powder,  174 
Dandelion,  196 
Datura,  352 

Daufresne's  formula,  615 
Decoctions,  32 
Decolorizalion,  28 
Decomposition  by  digestion,  76 

in  tissues,  76 
Delirium  tremens,  28,3,  657 
Delphinium,  509 


Demulcent  teas,  116 

Demulcents,  107,  J15 

Derivative  action,  127 

Dermatitis  from  systemic  drugs,  12a,  193 

plants  producing,  193 
Dermatol,  894 
Dessication,  23 
Dextrin,  it6 
Dextrose,  66 
Diabetes,  383 

foods,  xoo 
Diabetic  coma,  836  to  845 
Diacetylmorphin,  259  to  288 

hydrochlorid,  388 
Diacetyl  tannin,  162 
Diachylon,  942 
Dial,  703 
Dialysed  iron,  903 
Dialysis,  28 
Diaphoretics,  358 
Diarrhea  mixtures,  163 
Piastasum,  99 
Di-bromo-ketone,  146 
Dichloramin  T,  616 
Dichlor-diethylsulphid,  175  to  188 
Dichlorraethyl  ester,  147 
Diet,  influence  on  drug  action,  94 
Dietary  deficiencies,  103 
Diethyl  barbituric  acid,  702  to  703 
Digalen,  146,  461,  48) 
Digallic  acid,  161 
Digestive  ferments,  96  to  107 
Digipuratum,  487 
Digitalein,  461 
Digitaligenum,  461 
DIgitalin,  460.  486 
Digitalis  group,  459  to  491 
Digitaloid  drugs,  407 
Digitalose,  461 
Digitonin,  461 
Digitophyllin,  460 
Digitoxin,  460  to  491 
Digitsaponin,  461 
Dimethyl-mornhin,  259  to  288 
Dimethyl  sulpnate,  146 
DiU,  68 

Dimcthylxanthin,  241  to  358 
Dinitrophenol,  579 
Dionin.  359  to  288 
Dioscurea,  450 
Dioxypurin.  341  to  258 
Diphenylchlorarsin,  147 
Diphosgen,  145 

Diphtheria  antitoxin,  626  to  629 
Diplosal,  598' 
Direct  effects,  80 
Disease,  effect  of  drugs  in,  83 
Disintoxication,  77 
Dispensatories,  non-oOicial,  23 
Distillation,  25 
Distribution  of  drugs,  77,  95 
Dithymol-diiodid,  023 
Diuretics,  774  to  776 
Diurctin,  241  to  258 
Dock-root,  205 
Dobell's  solution.  575 
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Donovan's  solution,  866 
Dosage,  6x,  90 

forms,  36  to  41 
Doses  for  children,  91 

tabulation  of  average,  955  to  958 
Dover's  powder,  287 
Dragendorff's  method,  52 
Drastics,  203 

Drug  habits,  279  ; 

Drugs,  official,  2a 

proprietary,  32 
Drying,  23 
Dryopterus,  319 
Duboisia,  334,  369 
Duotol,  582 
Dusting  powders,  118 
Dyes,  328 

absorption  of,  636 

coal-tar,  603 
Dyspnea,  833 

Easton's  syrup,  239 
Ecbolic  oils,  1 70 
Ecbolics,  449 
Ecbollin,  428 
Ecgonin,  335 
Echinacea,  173 
Eclampsia,  383 
Edema,  135  to  143,  755 

inflammatory,  121 
Effervescent  salts,  36 
Eisen-Zucker,  004 

Elaterin  and  efaterium,  212,  314,  315 
Electrolytes,  736 

actions  of,  744  to  750 
Electrolytic  dissociation,  737  to  739 
Electron  actions,  738 
Eleopten,  21 
Eleosacchara,  36 
Elixir  aromaticum,  67 
Elixirs,  32 
Elm,  X17 
Elutriation,  24 
Embelia,  162 
Ernests,  283 
Emetics,  55 

locally  acting,  530 

location  of  action,  530 

therapeutic  use  of,  531 
Emetin,  524  to  539 
Emmenagogues,  449 
Emodin  cathartics,  303  to  208 
Emollient  laxatives,  216 
Emollients,  107  to  115 
Empiric  therapeutics,  72 
Kmplastrum,  40,  120 

calefactens,  X91 
Emprosthotonus,  225 
Emulsion  colloids,  725 
Emulsions,  35,  729 
Endermic  system,  317 
Enemas,  evacuant,  216 

technic  of  nutrient,  107 
Enema  ta,  85 
Enonymi  cortex,  491 
ICnteric  pills,  37 


Enteric  system,  328  to  335 

Enzymes,  21 

Eosin,  606 

Eosinophiles,  328 

Epilepsy,  drugs  used  in,  810 

Epinephrin,  300,  318  to  $$$,  38s  to  405 

Epispastics,  x3x 

Epsom  salts,  767 

Equivalents     of    metric     axsd    conuno^ 

systems,  47 
Ergamin,  434  to  436 
Ergot,  426  to  432 
Ergotannin,  436  to  437 
Ergotidin,  434  to  436 
Ergotin,  426,  428,433 
Ergotinic  add,  430 
Ergotinin,  426,433 
Ergotism,  43 x 

Ergotoxin,  310  to  333,  426  to  433 
Eriodictyon,  09 
Errhines,  x6s 
Erythrol  tetranitrate,  459 
Erythrophlein,  460,  487 
Erythroxylum,  296 
Eschar,  i'23 
Eserin,  36X  to  363 
Essential  oils,  21,  164 
Ether,  543,  662  to  693 
Ethyl  alcohol,  640  to  659 

bromid,  692  to  693 

carbamate,  702,  704 

chlorid,  691 

hydroxycycuprein,  557  to  559 

iodid,  692  to  693 

morphin,  259  to  388 

nitnte,  liqua,  459 

salicylate,  599 
Ethylendiamin,  438 
Eucain,  297 
Eucalyptol,  168 
Eucalyptus,  168 

gum,  163 

oleum,  168 
Eugenol,  169 
Eukupin,  557,  560  to  562 
Eumydrin,  344 
Eunonymi  cortex,  491 
Eupad,  615 

Eupatorium  utricsefoUum,  171 
Euphorbium,  191 
Euphthalmin,  344 
Euqinin,  555,  556 
Evacuants,  198 
Evacuation  of  stomach,  54 
Evaporation,  35 
Excipients,  37 
Excretion  of  drugs,  89 
Exodin,  208 

Exophthalmic  goiters,  4x9 
Expectorants,  793  to  795 

nauseant,  529 
Explosives,  43 
Exi>ression,  28 
Extractive  matter,  21 
Extracts,  powdered,  34 
I       solid,  34 
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FiEx  mccficinafis,  105 
Fats,  21,  loS,  to  114 

on  growth,  101 
Fatty  oils,  X09 
Fel  bovis,  aio 
Female  remedies  on  excised  intestines,  331 

weakness  remedies,  450 
Fenchon,  68,  165,  497 
Fennel,  67 

Ferments,  digestive,  96  to  107 
Ferri  carbonas  sacchantus,  903 
chloridum,  903 
et  ammonii  dtras,  903 
et  potassii  tartras,  903 
et  quininae  dtias,  903 

hydroxidum  cum  magnesii  oxido,  862, 
902 

lodidi,  syrupus,  903 

pho^hsLS,  903 

quin.   et   strychn.   pho^h.   elixir  and 
syrupus,  903 

sulphas,  903 
Ferric  salts,  903 
Ferricyanids,  719 
Ferrocyanids,  719 
Ferrosilicon,.  863 
Ferrous  salts,  903 
Femim,  903 

reductum,  903 
Fetus,  passage  of  drugs  into,  90 
Fever,  treatment  of,  543 
Fibrillary  twitchings,  385 
Fibrolysin,  153 
Filicic  acid,  218 

Filids,  extractum  liquidumj  2x9 
Filix  mas,  219 
Filmaron.  218 
Filtration,  28 
Fineness  of  powder,  24 
Fish-berries,  239 
Fixed  caustics,  130 

oils,  21 
Flavaspidic  add,  231 
Flavins,  664 
Flavored  waters,  130 
Flavoring,  65  to  69 
Flaxseed,  119 
Flies,  174 
Flores,  18 

Flour  for  diabetics,  101 
Flowers,  18 

Arom,  67 
Fluidextracts,  33 
Fluidex  tract, 
Fluid  magnesia,  767 
Fluorescein,  605 
Fluorescent  substances,  606 
Fluorids,  805  to  806 
Foeniculum,  67 
Folia,  17 

Food  preservatives,  624 
Foods,  medicinal,  99  to  107 
Formaldehyd,  606  to  609 
Formalin,  606  to  609 
Formates,  854 
Fowler's  solution,  866 


Fox  glove,  490 
Frangula,305 
Fiiar  s  balsam,  173 
Fried's  rule,  91 
Fructus,  18 
Fruit,  18 

adds,  853 
Fuchsin,  229,  606 
Fuller's  earth,  88 
Functions,  modifications  of,  77 
Fungi,  365 
Furfurol,  658 
Fusel-<nl,  660 

Galbanuh,  173 

Galenic  prcpaimtions,  32 

Galla,  102 

Gall-bladder,  327 

Gallic  add,  lox 

Gambir,  i6a 

Gamboge,  315 

Garlic,  17^ 

Gas,  illuminating,  712  to  714 

Gases,  systemic  actions  of,  704  to  7t8 

Gas-masks,  142 

Gasolin,  1x3 

Gastric  juice,  concentration  of,  645 

Gastrin,  442 

GauUherin,  oil  of,  599 

Gelatin,  1x7 

Gelatinum  gtycerinatum,  X17 

Gels,  727 

Gelsemin,  379 

Gelsemium,  330,  379 

Gelsemoidin,  379 

Genital  organs,  male,  326 

system,  3x7 
Gentian,  196 

violet,  606 
Gigantism,  4x3 
Gin,  658,  659 
Ginger,  X98 
Ginko  tree,  193 
Ginseng,  197 
Gitin,  461 
Gitoin,  ^6x 

Glands,  mnervation  of,  3x8 
Glauber's  salt,  760 
Glaucoma,  343 
Glonoin,  4*9 
Glucose,  66 
Glucosids,  19 
Glucoaum,  Vf 
Glusid,  602 
Gluten  flours,  loi 
Glutol,  609 
Glycerin,  115 

on  muscle,  5x1 
Glyccrites,  31 

Glyceritum  boroglycerin,  622 
Glycerophosphates,  948  to  953 
Glyceryiis  nitratis  spiritus,  459 
Glycuronic  acid,  569 
Glycyrrhiza,  6j 
Glycyrrhizin,  07 
Glycyrrhizinum  ammoniatum,  67 
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Goa  powder,  192 
Goetnlin  solution,  749 
Goiters,  419 
Gold,  915 
Golden  seal,  2^1 
Gonoccus  vaccine,  633 
Gossypii  cortex,  449 

oleum,  no 

seminis,  oleum,  no 
Gossypium,  lao 
Gossypol,  no 
Goulard's  extract,  942 
Granatum,  22a 
Graves'  disease,  420 
Gray  oil,  934 
Griffith's  mixture,  903 
Grindelia,  174 
Green  vitriol,  903 
Growth  substances,  spcci6c,  103 
Guaiac,  497  to  500 
Guaiacol,  581  to  582 
Guaiacolis  carbonas,  582 
Guaiasanol,  582 
Guaimar,  582 
Guanidin,  384 
Guarana,  256,  257,  258 
Gum  resins,  ao 
Gummi  indicum,  zi6 
Gums,  18,  116 
Gun  cotton,  120 

powders,  smokeless,  458 
Gurjun  oil,  no 
Gymnema,  69 
Gynocardia  oil,  no 
Gypsum,  120 

Habit  forming  drugs,  prescribing  of,  59 

Habituation,  93 

Hasmatoxyli  lignum,  163 

Haft-druck,  729 

Haloids,  154 

Halozone,  616 

Hamamclidis,  aqua,  169 

cortex,  162 
Hammamelis,  162 
Hartshorn,  793 
Hashish,  294 

Hay  fever  preparations,  630 
Headache  powders,  566 
Heart,  ion  actions  on,  745 
Heat,  excessive  external,  538 

puncture,  535 

regulation,  531  to  545 
Hebra's  ointment,  942 
Hedioma,  170 
Hediosit,  loi 

Hedon  and  Gleig  solution;  749 
Hcdonal,  702,  704 
Helenium,  171 
HeHotropin,  174 
Hellebore,  American,  517 

black,  460  to  491 

green.  517 

and  white,  509 

white,  517 
Helleborein,  489 


Helleborus,  460  to  491 
Helonias,  450 
Hematin,  actions  of,  552 
Hemidesmi  radix,  500 
Hemlock,  water,  239,  379 
Hemoglobin,  fate  of,  900 
Hemolysis,  osmotic,  741 
Hemophilin,  441 
j   Hemorrhage,  95,  283 
,  Hemostatic  measures,  163 

tissue  extracts,  443 
Hemp,  Indian,  294 
Herb,  17 

Heroin,  259  to  388 
Hexamethylenamin,  609  to  613 

on  uric  add,  850 
Hexamina,  6ia 
H-ion  concentration,  826 
Hippuric  add  formation,  569,  588 
Hirudin.  441 

Histamin,  326  to  333,  427,  434  to  436^ 
439  to  449 

reactions  resembling,  439  to  449 
Histidin,  434  to  436 
Histons,  441 
Hive  syrup,  491 
Hoffmann's  anodyne,  693 

drops,  693 
Holocain,  298  to  314 
Homatropin,  334  to  351 
Homatropina,  344 
Homeopathic  doctrine,  70 
Honeys,  66 
Hops,  295 
Horde nin,  437 
Hormonal,  442 
Horse  serum,  443 
Horse-radish  root,  175 
Howell  solution,  749 
Humulus,  395 
Humus,  J 19 
Hydragogues,  20^ 

Hydrargyri  chlondum  corrosivium,  934 
mite,  934 

cyanidum,  935 

iodidum  flavum,  934 
nibrum,  935 

oxidum  flavum  and  nibrum,  934 

oxycyanidum,  935 

sali<ylas,  935 

subchloridum,  934 

succinimidum,  935 
Hydrargyrum,  g^ 

ammoniatum,  934 

cum  creta,  933 
Hydrastin,  291,  393 
Hydrastinin,  291,  393 
Hydrastis,  291,  393 
Hydrazin,  438 

Hydrocuprein  derivatives,  557  to  563 
Hydrocyanic  add,  719  to  733 
Hydroergatinin,  426  to  433 
Hydrogen  dioxid,  331,  6i8 

exponent,  826 

ion  concentration,  826 

peroxid,  331,  618 
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Hydrogen  sulphid,  150 

Hydrogenii  dioxidi  (perozidi)  liquor,  619 

Hydroquinoa,  554,  577 

Hydrotics,  3^8 

Hydroxylamin,  453 

Hyoscin,  353  to  356 

Hyoscyamin,  334  to  352 

Hyosc^mus,  334,  353 

Hypencum,  194 

Hyperisotonic  solutions,  783 

Hyperthyroidism,  417 

Hypnotics,  aliphatic,  693  to  704 

Hyperpyrexia  of  infection,  535 

cnlorinated,  698 
Hypochlorites,  154,  614  to  616 
Hypodermic  administration,  85 
Hypoiodites,  614 
Hypoisotonic  solutions,  783 
Hypophosphites,  948  to  953 
Hypophyseal  portion,  409 
Hypophysis,  413 
Hysteric  sedatives,  165 

IcHTHYOL,  153 
Ichthyomethia,  450 
Idiosyncrasy,  92  to  95 

racial,  94 
Igasurin,  239 
Ignition,  35 

Ileo-colic  sphincter,  331 
Illuminating  gas,  712  to  714 
Imbibition,  727,  751 
Imido-urea,  384 
Immediate  effects,  80 
Immunity,  93,  620 
Impatiens  fulva,  193 
Imperial  weights  and  measure,  46 
Impotence,  190 
Impurities  in  drugs,  92 
Incompatibility,  42  to  44 
Indian  tobacco,  378 

turnip,  192 
Indigo  carmin,  604 
Indigo  tinidisulphonas,  sodti,  604 
Indirect  effects,  80 
Indolethylamin,  438 
Infection,  hyperpyrexia  of,  535 
Inflamed  vessels,  95 
Inflammation,  pain  on,  128 
Infundibular  extract,  406  to  413 
Infusions,  31 
Infusorial  earth,  IT9 
Infusum  Tosx  addum,  841 
Inhalation,  84 
Injections,  hypodermic,  30 
Inosit,  I  or 
Insect  p<)wder,  513 
Insecticides,  174 
Intact  normal  animals,  82 
Intestinal  antiseptics,  624 

sphincters,  317 
Intestines,  autonomic  phenomena  of,  328 
Intracerebral  injections,  86 
Intracutaneous  injections,  86 
Intramuscular  injection,  86 
Intraocular  tension,  343 


Intrapericardial  injections,  86 
Intraperitoneal  injections,  86 
Intrapleural  injections,  86 
Intravenous  administration,  87 

feeding,  107 
Inulin,  100 
lodacetic  ether,  147 
lodalbarid,  8x6 
lodates,  824 
lodbenzoic  acid,  619 
lodids,  813,  to  821 
lodin,  154,  15s,  156 

compounds,  thyreotropic,  422 

preparations,  organic,  815 

of  thyroid,  415  to  422 
lodin-protein  compounds,  8x6 
lodipin,  816 
lodism,  819 
Iodoform,  622 
lodolase,  816 
lodon,  8x6 

lodosobenzoic  acid,  619 
lodostarin,  816 
lodothyrin,  416 
lodoxybcnzoic  ^d,  6x9 
lodum,  156 
Ion  actions,  738 

effects,  744  to  750 
Ipecacuanha,  524  to  539 
Ipecacuanhin,  538 
Ipomoea,  213 
Iris,  214 
Irish  moss,  1x6 
Iron,  894  to  904 

dialysed,  903 

tincture  of,  904 
Irritants,  general  toxicology  of ,  139 

hypodermic  injection  of,  x  24 

local,  i2r  to  133 

non-volatile,  organic,  x88  to  194 

reflex  effects  of,  126 
Irritation  of  mucous  membranes,  124 
Iso-amyl  alcohol,  660 
Isoamylamin,  427 
Isobebeerin,  X96 
Isolated  structures,  8x 
Isopral,  699 
Isoquinolin  derivatives,  259  to  388 

nucleus,  284 
Isotonic  solutions,  749 
Ispaghula,  116 
Ivy  poisomng,  193 
Izal,  577 

Jaboranoi,  356  to  361 
Jack-in-the  pulpit,  192 
Jalap,  212,  213 
Jamaica  dogwood,  295 
Jambul,  xoi 
Jamestown  weed,  352 
Jasmine,  yellow,  379 
Javelle  water,  617 
Jennerian  vaccine,  63  x 
Jequirity,  212 
Jervin,  514,51? 
Jixnson  weed,  352 


^^^H                                        ^^^^F            rXDEX                 ^^^^^^^^^^^^1 

^^^H            Juglans.  214 

^^^^^^^^^B 

^^^H           Juices. 

Lignum,  17                                       ^^^H 
Lily  of  the  valley,  491                      ^^^H 

^^^^1           Juniper  tar,  oil  of,  583 

^^^^H                       oil,  169 

Lime,  148                                              ^^^| 

^^^H           Kahlenbero's  theory,  733 
^^^^H           Kaladana.  313 
^^^H           Kalmia,  513 
^^^^H           Kanna'a,  319 
^^^^H           Kaotinum,  xxp 

^^^H                 17a 

^^^H           Kcphalin.  443,  949 
^^^^H           Keratin,  37 

Liniment,  148                                 ^^^H 

water.  148                                   ^^H 

Limonis  cortex.  66                            ^^^H 

Liniments.  34,  169                              ^^^B 

Liniraentum  ammonix,  793                    V 

camphnrre  ammoniatum,  793        ^^H 

Lini,  oleum,  no                                 ^^^B 

Linscc-d.  XX9                                         ^^^M 

^^^^H           Kidney  extracts,  425 

Linum,  119                                        ^^^H 
Lipoids,  635                                         ^^^^1 
Lipoiodin,  S16                                      ^^^B 
Liquefaction,  44                                ^^^| 
Liquid  extracts.                                    ^^^H 

^^^H           Kiesclffuhr,  X19 
^^^^H           Kino, 

^^^^1            KippenherRer'fl  method^  53 
^^^^1           Kola,  341  to 

^^^^1           Kousso,  a  19 
^^^^H            Krameria,  163 
^^^^B           Kresamin.  577 
^^^H           Krcsin. 
^^^^H           Kryptonin,  538 

Liquor  acid!  arscnosi,  866                 ^^^| 
alumin  acetates.  906                     ^^^^| 

ammonix-,  793                               ^^^H 

ammonii  acct  .  793                         ^^^H 

citrates,  853                                ^^^B 

^^^^H          LabaxkaQI'c's  solution.  614  to  616 

antiseptirus,  623                              ^^^B 

^^^^B           Laburnum,  ^69 

alkalinius,  588                                       B 

^^^^H          Lac  sulphuns,  t$i 

arseni  et  hydrargyri  iodidorum,  866    fl 
arsenici  hydrochloricus,  866                   fl 

^^^^H           Lacbrymalors,  146 

^^^H           Lactates,  854 

cpistasticus,  191                                        ■ 

^^^H          Lactic  acid  ferments,  98 

fcrri  dialysatus,  903                                 fl 

^^^^H                   orKanisms,  90.  840 

ct  ammonii  acclatis,  903            ^^fl 

^^^^H              acidosis,  83S 

oxychloridi,  903                           ^^^H 

^^^^H          Lactose,  66 

pcrchluridi  fortis.  904                ^^^^| 

^^^^^B           Lactucarium,  295 

persulphalis,  904                         ^^^B 

^^^^H          Lambert-Towns  method,  781 

subsulphiitis.  904                                 ■ 

^^^^K          LamdliT,  39 

formaldehydi  snponatus,  609         ^^H 

^^^^H          Lanolin, 

magnesii  citrates,  767                    ^^H 

^^^^H         Lanthanum,  907 

plumbi'  subacetatcs,  941               ^^^B 

^^^^V                           XII 

seriparus,  98                                   ^^^| 

^^^^H           Larkspurs.  509 

node  chlorinatie,  6r6                     ^^^B 

^^^^H          Lassar's  pane,  919 

sodii  boraiis  comp.,  575                 ^^fl 
chluridi  physiologicus,  783                H 

^^^^P          Lathyrism,  379 

^^^^V           Lathyrus.  370 

phosphatis  compositus,  761             ■ 

^^^^H          Latin  prescription,  63 

Liouores,  30                                               H 
Litnarge,  9^3                                          .^^fl 

^^^^1                wordit  and  phrases,  63 

^^^^B           Laudanons,  ^86 

Lithii  brnmidum,  813                         ^^^H 

^^^^^          Laudanum,  287 

carbonas,  789                                 ^^^^| 

^^^H           Laughing  gas,  705 

dtras,  789                                      ^^^1 

^^^^B           Laurocerasi  folia,  733 

Lithium  salts,  789                             ^^^^| 

^^^^fl           Lavandula,  68 

Lithrxa  caustica.  193                         ^^^H 

^^^^B           Laxatives, 

Liver,  heat  regulation,  536                ^^^B 

^^^H          Lead,  93  >  to  943 

of  sulphur.  i>o                              ^^^fl 

^^^H              water,  943 

Lloyd's  reagent,  88                           ^^^H 
Lobelia,  378                                         ^^^M 

^^^^B          Leaves.  17 

^                 Lecithin,  qio,  948  to  952 

r^betin,  378                                      ^^H 

^^P                   Leeches,  441 

Local  actions.  So                                 ^^^H 

^^                     Lemon  grass,  68 

anesthetics,  296  to  314                 ^^^H 

Lemonade.  851 

application,  83                                ^^^| 

Leonurus,  .150 

imtants.  121  to  132                       ^^^B 

Lcptandra,  314 

Localization  of  action,  8s                 ^^^B 

Lettuce.  295 

Locally  acting  emetics,  530             ^^^B 

I-eucoc>*tes,  328 

Locke's  solution,  749                         ^^^B 

Levigaiion,  24 

Luco,  295                                            ^^H 

Levulosc,  100 

Lotio  hydrargyri,  flava  and  Di^ta,  MfB 

L'Hrrraitc's  experiment,  733 

opii  et  plumbi,  287                                  H 

Ucc,  174 

Lozenges,  38                                               fl 

Licorice,  67 

Lubulin,  395                                             ^fl 
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Luetin  reaction,  818 
Lugol's  solution,  157 
LuminaJ,  703 
Lunar  caustic,  914 
hun^  extract,  443 
Lupines,  379 
LupuUn>  195 
Lupulfnic  add,  395 
Lutein,  4,51 
Lycetol,  850 
Lycopudium,  119 
Lymph  formation,  755 
Lyotropic  series,  726 
Lysidin,  850 
Lysitol,  577 
Lysol,  577 
Lysosolveol,  577 
Lytta  vesicatona,  189 

Macejiation,  26 
Macrotya,  iqj 
Magma,  big^mutiii,  893 

magnesia&t  767 
Magnesia,  767 

waters,  773 
Magnesii  carbonas,  767 

oxidum,  767 

sulphas,  767 
Magnesium  compounds,  763  to  767 
Malaria^  552 
Malates,  8S3 
Male  fern,  218 
Mai  turn,  99 
Mammary  gland,  452 
Mandragora,  334 
Mandrake,  214 
Mangaoese,  904 
Mangani  dioxidum,  904 
Mamfcstations  of  pharmacologic  actions, 

77  to  79 
Alanna, 2x6 
Mannit,  loi 

Mannitol  hexanitrdttr,  457 
Marasiama,  57S 
Marrow,  red  bone,  426 
Marsdenia,  1Q7 
Marsh  marigold,  191 
Marsh's  test.^  53 
Marah-mallow  rot^t,  116 
Masaa  hydmrgyri,  933 
Masses,  36 

Mastic,  mastiche,  173 
Matches,  943 
A!at6,  241  to  258 
Materia  medica,  17 
Matico,  171 
Matricaria,  197 
May  apple,  214 
Maximal  doses,  61 
Meadow  saffron,  517 
McMunn's  elixir  288 
Measures,  46 

Meat  extracts  and  juices,  100 
Mechanical  protectives,  120 
Meconic  acid,  jSSi  28? 
Meconium,  286 
67 


Medicines,  patent,  33 
Medinal,  703 
Meissner's  plexus,  338 
Mel,  66 

Melanophores,  328 
Melon  seeds,  222 
Melubrin,  568 

Membrane,  plasma,  and  electric  stimula- 
tion, 748 
Mentha  piperita,  198 
piperitfCi,  aqua,  68 
viridis,  198 
aqua,  69 
Menthol,  497 
Mercurochrom,  220,  ^o 
Mercurnphen,  920 
Mercury,  919  to  935 
Mcscat  and  mescalin,  492 
Mesotan,  599 
Mttanzresyiacetate,  577 
Metallic  salts,  local  actions,  157  to  159 
Metals  and  their  salts,  855 
I       colloid,  857  to  S$& 
j   Methaform,  699 

I   Methemoglobin  formation,  824  to  826 
{    Methyl  alcohol,  6^0  to  661 
:       salicylate,  sgB 
I       xanthinS;,  24T  to  25fl 
i   Methylatropin ,  344 
!   Mcthylchlorosulphonate^  147 
1   Methylene  blue,  603 
j   Methyl-eth^'l  amnioniura  compounds,  368 
I    Methyl'guanidin,  384 
I  Methylmorphin,  259  to  28B 

Methyliulphonal,  701 
!  Methylthionin,  603 
1   McthylthioTiinx  chloridum,  603 
i  Metric  system,  44  to  48 
I  Metrology,  44  to  48 
Mcyer-Uverton  law,  634 
Moiereum,  191 
Microscopic  structure,  iS 
Milk  dtarrhca,  268 
of  lime,  148 
of  magne^a,  767 
of  sulphur,  151 
sugar,  66,  786 
j  Minderenis,  spirit  of,  793 

Mineral  fats,  113 
'       salts,  2z 

waters,  771  to  773 
Miosis,  causes  of  342 
Mistletoes,  436 
Mi&trrra  crelx,  690,  S03 
fern  composita,  902 
gtycyrrhiiSK  composita,  287 
MitcheUa,  450 
Mixtures,  34 

Molecular  concentration,  736 
of  blood  and  tissues,  740 
Monkshood,  509 
Monsel's  solution,  904 
Morphin  derivatives,  chief  differences  of, 
283  to  286 
group,  259,  to  288,  310,  326  to  333.422» 
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Morphina^  288 
Morrhuic,  oleum,  loa 
Moschus,  166 
Mos(]uitocs,  174 
Mountain  laurel,  5x3 

sickness,  718 
Mucilagincs,  31 
Mucilaginous  substances.  115 
Mucous  membrane,  irritation  of,  124 
Muriatic  acid,  153 
Muscarin,  319  to  ^^3*  ^^4 
Muscle-nerve  piisons.  70 
Mushroom  poisoninK,  365 
Mushrooms,  edible,  365 
Musk,  166 
Muskrtx^t,  166 
Mustard,  175,  530 

Kas,  17s  to  18** 

oil.  174 
Mydriasis,  causes  of,  342 
Mydriatics,  341-344 
Mylabris,  io» 
Myoneural  junction,  320 
Myristica,  lyi  * 

Myrobalanum,  163 
Myrosin,  174 
Myrrhtt,  173 

Napiitiiaun,  563,  584 

Naphthol.  585 

Naj>hthylamin,  tctra-hydro-beta,  537 

Narccin,  250  to  28H 

Nan*i>phin.  280.  2H8 

NariHJsis,  theories  of,  tt^^ 

Nftni>tic9,  2(K> 

Nanvtin,  250  to  288.  201 

National  formular>*,  23 

Nausea,  phenomena  of.  522 

Nauseant  exiK\*torants.  S2ti 

Neisser  bacterin,  633 

Neo-arsnhcnamin,  S70  to  88a 

NeiH'incnophen,  601 

NtHxIymium.  007 

Neiwalvarsan,  S70  to  881 

Nephrites,  drug.  125 

Nerve  trunks,  70 

Neurin,  307 

N.  F..  23 

Neutral  principles,  20 

Neutrality,  S20 

New  and  nonot^Wial  remedies,  23 

Nickel.  010 

carlxniyl,  ow 
Nia>liu.  31S  to  ;33,  30;*  to  378 
Nihilism.  thcn»iK'utic,  -o 
Niiratt*s,  8.*2  to  82? 

alkyt.  45  2  to  460 
Nitric  [HTvvtid.  140 
Niirils.  7 to  to  :.*.; 
Nitrite  {x>i>^^miv:.  803 
Nitrites,  4>j  to  460 
*■  NitrtoiJ. "  reaction*.  S75 
N:tn>Senjk.4.  580 
N:;r,xfUu!ose,  45S 
Nitrvvhloroiorra.  14s 
Xitrogenti  monoxtdurr:.  708 


Nitroglycerin,  453  to  460 
Nitroprussids,  719 
Nitro-trichloro-me  thane,  145 
Nitrous  acid,  146 

ether,  spirit  of,  459 

oxid,  543,  681,  705  to  708 
N.N.R.,  23 

Normal  ssdine  solution,  748  to  750 
Novaspirin,  598 
Novatophan,  601 
Novocain,  314 
Nucleic  acids,  nucleins  and  nudeopioteiiis, 

Nutgall,  163 
Nutmeg,  171 

poisoning,  170 
Nutrients,  96  to  107 
Nux  vomica,  324  to  339 

Oculomotor  mechanism,  341 
Official  drugs,  33 
Oils,  essential,  3X 

fatty,  31,  109 

fixed,  21 

volatile,  2t,  164  to  175 
Ointment  bases,  114 
Ointments,  40 
01  ea  pingua  109 
Oleander,  460  to  491 
Oleates,  40 

Oleatum  hydrargyri,  798,  935 
Oleic  acid  anemia,  109 
Oleoresins,  20,  34 
Oleum  cinerum,  934 
Olfactory  stimiilants,  165 
01i\'se,  oleum,  zo9|  304 
Oliveri.  68 

cortex,  68 
Onion,  175 
Opianic  add,  39 
Opisthotonus,  325 
Opium,  259  to  3^  542 

alkaloids,  327 
Opiumism,  chronic,  274  to  281 
Opodeldoc,  149 
(^tical  isomers,  ^^s 
Optochin.  557  to  559 
Oral  administration.  84 
Orange  peel,  66 
Orchitic  extracts,  452 
Organ  extracts,  326 
Organic  acids  and  their  salts.  ^  :u  ^ 
Origani.  oleum,  269 
i>rphoK  S93 
Orris  root,  314 
tVthoform.  315 
Ortho-oxybenaoic  add,  5i«} 
Ortho-sulph-amidobcnxoic  aizic.  ?c^ 
Osoeins  and  oscin.  3^5 
Osmosis,  730  to  737 
Omotic  effects  on  cdls,  730  t:  -j-l 

eTchjDges  in  body,  750  to  *f? 
Ouabain,  463,  491 
tVar>\  451 

(.Halic  acid  and  oTatareii.  Sc4.  ^j  ia^ 
Oxgall.  2IO 
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Oxidases,  715 
Oxidation  theories,  715 
Oxidizing  agents,  618  to  620 
Oxybutyric  acid,  837 
Oxycamphor,  497 
Oxy-di-colchicin,  519 
Oxygen,  140,  714  to  719 
deficiency,  717,  to  719 
Oxymel,  66 

OxyquinoUn  sulphate,  586 
Oxytocics,  449 
Oxyuris,  223 
Ozone,  618 

Pagenstecher's  ointment,  934 
Pain  on  inflammation,  128 

referred,  127 
Palite,  13s,  14s 
Panax,  197 

Pancreas  preparations  in  diabetes,  97 
Pancreatic  extracts,  441 
Pancreatinum,  98 
Pantopon,  385 
Papain,  98 
Papaver,  286      •' 
Papaverin,  259  to  388 
Para-acet-phenetidin,  568 
Paracoto,  406 
Paradtchlorbenzen,  577 
Para-hydroxyphenyf-ethylamin,    436    to 

437 
Paraffin,  112,  113 

dermatitis  and  cancer,  583 
Paraform,  606  to  609 
Paraformaldehydum,  699  to  700 
Paraguay  tea,  259 
Paraldehydum,  699,  700 
Paralysis,  81 
Paramidophenol,  563 
Paraphenylendiamin,  438 
Para-rosanilin,  606 
Para-5ulphon-di-chloramino  benzoic  acid, 

6r6 
Parasympathetic  system,  316  to  333 
Parathyroid  tetany,  800 
Parathyroids,  422 
Para-toluene  sulphochloramid,  615 
Paregoric,  287 
Pareira,  196 

Parenteral  alimentation,  107 
Parsley,  170 

Partition  coefficient,  635 
Passi6ora,  450 
Patent  medicines,  22,  23 
Pathologic    states,    influence    on    drug 
action,  95 

tissue,  selective  absorption,  178 
Peanut  oil,  no 
Pectinin,  492 
Pectins,  18 
Pediculosis,  174 
Pelletierin,  231 
Pellitory,  174 
Pellotin,  492 
Pennyroyal,  170 
Peony  root,  449 


Pepo,  333 
Pepper,  191 
Peppermint,  68,  198 
Pepsi num,  98 
Peptones,  100 
Perborates,  623 
Percolation,  26 
Permanganates,  630 
Permeability  of  odis,  742 

of  plasma  membranes,  636 
Peronin,  265 
Peroxid,  hydrogen,  618 
Peroxidase,  715 
Peroxids  of  metals,  619 

organic,  6x9 
Persionis,  64 
Pertonal,  568 

Peruvianum  balsamum,  173 
Petrolatum,  106,  X13 

liquidum,  ii2,  113 
Petroleum,  113 

products,  113 
toxic  effects,  113 
Petroselinij  oleoresin,  fructus,  170 
Petroseliinm,  170 
Pharmaceutic  methods,  33 

preparations,  39  to  41 

standards,  22 
Pharmacognosy,  17 

Pharmacology,    chemical    and    physical 
basis,  75 

scope  of,  73 

value  and  limitations  of  experimental,  83 
Pharmacologic  groups,  79 
Pharmacology,  experimental,  83 
Pharmacopeias,  32 
Pharmacy,  22 
Phenacain,  298  to  314 
Phenacetin,  540 
Phenacetinum,  568 
Phenanthren,  563 

derivatives,  259  to  388 

nucleus,  384 
Phenazonum,  568 
Phenetidin,  563 
Phenmethylol,  313 
Phenobarbital,  703 
Phenol,  571  to  575 

caniphor,  575 

coefficient,  576 
Phenol-hydrogen  chtorid,  147 
Phenolin,  577 

Phenoloid  disinfectants,  577 
Phenolphthalein,  308,  209 
Phenols,  polyatomic,  577 
Phenolsulphonates,  575 
Phenolsulphonephthalein,  309 
Phenylacetamid,  567 
Phenyl-carbylamin,  563 
Phenylcinchoninic  acid,  601 
Phenyldimethyl-pyrazalon,  568 
Phenylethylamin,  438 
Phenylethyl-barbituric  acid,  703 
Phenylglycinamidarsonic  add,  883 
Phenyl-quinolin-carboxylic  acid,   600   to 
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Phenyl  salicylate,  599 
Phlobaphenes,  19 
Phlorhizin,  424 
Phloroglucin,  577 
Phoradendron,  436 
Phosgen,  145,  686 
Phosphate  baking  powders,  906 

soaium,  761 
Phosphatids,  949 
Phosphid,  zinc,  94% 

Phosphin,  phosphoretted  hydrogen,  948 
Phosphorus,  51,  943  to  948 

compounds  in  nutrition,  948  to  949 

pentachlorid,  948 
red,  948 
Phrymium,  69 

Physical  counterirritants,  194 
Physicians's  epitome,  23 
Physiologic  saline  solutions,  748  to  750 

standardization,  29 

tests,  52 
Physostigmin,  319  to  333,  361  to  363 
Phytin,  952 
Picric  acid,  573  to  579 
Picrorhiza,  196 
Picrotoxin  group,  239  to  241 
Pigments,  21 
Pills,  36 

Pilocarpin,  319  to  333,  356  to  361.  492 
Pilocarpus,  361 
Pilula  aloes  et  ferr,  903 

aloin,  belladonna  et  strychnin,  ao8 

cathartics  composite,  215 

ferri,  903 
iodidi,  903 

laxative,  215 

plumbi  cum  opio,  942 

sap.  Co.  387 
Pimentse,  oleum,  169 
Pine  needles,  oil,  167 
Pineal  gland,  423 
Pini  pumilionis,  oleum,  167 
Pink  root,  222 
Piper  and  piperin,  191 
Piperazin,  050 
Piperidin,  850 
Piperonal,  174 
Piscidia,  395 
Pituitary  extract,  406  to  413 

lobe,  anterior,  413 
Piturin,  369 
Pix  carbonis,  583 

liquids,  583 
Plant  constituents,  18  to  22 
Plasma     membranes,     permeability     of, 

636 
Plasmaphaercsis,  785 
Plaster  of  Paris,  120 
Plasters,  40,  1 20 
Platinum  salts,  915 
Plattner's  bile,  210 
Pleurisy,  experimental,  171 
Plumbi  acetas,  942 

carbonis.  942 

iodidum,  942 

oxidum,  942 


Plumbism,  9^7  to  942 
Plummer's  piU,  934 

Podophylli     resina,    podophyilin,    podo- 
phyllum, 212,  213.  214 
Poison,  definition  of,  48,  49 

ivy,  192 
Poisoning,  treatment  of,  53 
Pollen  extracts,  630 
Pomegranate  bark,  221,  222 
Poppy,  259,  287 
Popular  measure,  46 
Posology,  61,  90 
Potash,  caustic,  147 
Potassa  caustica,  147 
I       sulphurata,  150 
!  Potassii  acetas,  851 

bicarbonas,  847 

bichromas,  005 

bitartras,  763 

bromidum,  813 

carbonas,  148 

chloras,  824 

chloridum,  789 

citras,  853 

cyanidum,  723 

et  sodii  tartras,  763 

hydroxidum,  147 

iodidum,  82 x 

nitras,  823 

permanganas,  620 

sulphas,  761 

tartras  acidus,  763 
Potassium,  297,  300 

salts,  787  to  789 
Potassium-mercuric  iodid,  920,  935 
Potato,  501 
Potentiation,  96 
Poultice  masses,  119 
Poultices,  41 
Powders,  36 
Praesodymium,  907 
Predigested  foods,  99 
Pregnancy,  92 
Preparations,  check  list  for  the  study  of, 

959  to  964 
I  Prescription  latin,  61  to  64 

writing,  58  to  64 
Preservatives,  32 

food,  624 
Prickly  ash,  197 
Primrose,  194 
Primula  dermatitis,  194 
Principles,  neutral  or  bitter,  30 
Procam,  297, 3141  327 
I  Procain-derivatives,  314 
I  Proflavin,  604 
I  Propaesin,  315 
!  Proponal,  703 
I  Proprietary  dhugs,  22 

Prostate,  326,452 
I  Prostatic  extract,  326 
Protamin,  441 
Protargin,  915 
Protargol,  915 
I  Protectives,  mechanical,  120 
1  Protein  injections,  non-specific,  626 
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Protein  poison,  split,  440 
Proteins,  21 
Proteoses,  430  to  440 
Protocatechyl  tropein,  351 
Protopin  group,  289 
Protoplasmic  poisons,  79 
Protoveratrin,  389,  513,  516 
Proximate  principles,  x8 
Prunus  virginiana,  723 
Psychotherapy,  71 
Psychotrin,  528 
Pterocarpus,  163 
Ptomain  poisoning,  439 
Pulmonary  edema,  135  to  143 
Pulque,  658 
Pulsatilla,  191,  450 
Pulverization,  34 
Pulvis,  36 

antimonialis,  889 

cretie  aromaticus,  67,  803 
compositus,  803  ■ 

effervesce  ns  compositus,  763 

glycyrrhizae  compositus,  306 

ipecac  Co.,  287 

ipecacuanhse  et  opii,  287 

sodse  tartaratie  effervescens,  763 
Pumpkin  seed,  233 
Punica,  222 
Punicin,  221 
Pupil,  Localization  of  actions  on,  341 

atropin-pilocarpin-physostigmin     on, 
322 
Purgatin,  308 
Purgatives,  203 
Purified  antitoxin,  627 
Purin  derivatives,  241  to  258 
Pus  formation,  aseptic,  122 
Pustulation,  122 
Pyloric  control,  839 
Pyrethron,  513 
Pyrethrum,  174 
Pyretics,  534  to  538 
Pyridin,  375,  563 
Pyrocatechin,  577 
Pyrogallol,  578 
Pyrophosphates,  761 
Pyrojylinum,  120 
P>Tozol,  563 

QUADRIURATE,  847 

Quassia,  196 

Quebracho,  524 

Queen's  root,  214 

Quevenne's  iron,  903 

Quicklime,  148 

Quillaja,  497  to  500 

Quince  seed,  116 

Quinic  acid,  602 

Quinicin,  546 

Quinidin,  548 

Quinin,  297,  326  to  333,  539,  545  to  SS7 

and  urea  hydrochlorid,  549,  556 
Quinins  ethylcarbonas,  556 
Qumoidin,  546 
QuinoUn,  563,  585 
Quinotoxin,  546 


Rachitis,  797 

Radium  and  radioactive  metals,  908  to 
9x2 

emanation,  908 
Radix,  17 
Rancidity,  108 
Ranunctuus,  191 
Raoult's  law,  736 
Rational  therapeutics,  73 
Reaction  of  body,  826  to  838 

fluids,  actual,  837 
Receptive  substance,  320 
Rectal  administration,  85 

feeding,  106 
Red   blood   cells,   osmotic  changes,    741 

gum,  163 

precipitate,  934 
Reduced  iron,  902 
Reducing  properties  of  tissues,  453 

substances  m  urine,  607 
Reflex  effects,  80 
of  irritants,  126 

shock,  127 
Remote  actions,  80 

effects  of  acids,  826  to  841 
of  alkalies,  826  to  847 
Rennet,  98 
Resina,  114 
Resin  oids,  20 
Re^ns,  30 

artiflcial,  34 
Resorcinol,  577  to  578 
Respiratory  reflexes,  126 
Retractor  penis,  muscle,  327 
Riueados  petala,  66 
Rhamnus  frangula,  205 

purshiana,  205 
Rhatany,  163 
Rheum,  206 
Rhizome,  17 
Rhodanates,  821 
Rhododendron,  513 
Rhubarb,  3o6 

leaf  poisoning,  805 
Rhus,  192 
Ricin,  211 
Ricini,  oleum,  311 
Ricinoleic  acid,  310 
Ringer  solution,  749 
Roach  powders,  174 
Rochelle  salt,  763 
Roentgen-rays,  911 
Root,  17 

Rosa  gallica,  66  ^ 

Rosac,  aqua,  6g 
Rose  water,  60 
Rosemary  and  oil,  169 
Rose-oil,  314 
Rosin,  114 

Rosmarini,  oleum,  169 
Rubber,  21 

Rubefacient  volatile  oils,  168 
Rubefacients,  121 
Rubefaction,  114 
Rubidium  salts,  789 
Rubijervin,  517 
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Rum,  659 

Rumex  crispus,  205 
Rusch  solution,  749 
Russian  flies,  190 

Sabal,  172 
Sabina,  170 
Sabromin,  813 
Saccharin,  60a 
Saccharose,  107 
Saccharum,  65 

lactis,  66,  786 
Saffron,  65 
Sajodin,  8x6 
Sal  ammoniae,  793 

volatile,  793 
Salep,  116 
Salicain,  314 
Salicin,  597 
Salicyl  alcohol,  314 

compounds,  542,  589  to  596  to  600 

derivatives,  596  to  000 
Saligenin,  597 
Saline  infusions,  7S2  to  786 

solutions,  749 
Saliva,  excretion  by,  90 
Salmi ac,  793 
Salol,  599 
Saloquinin,  555 

Salt  actions,  physical  factors  of,  724  to 
739 

common,  77^ 

fate  of,  752 

fever,  781 

glycosuria,  781 

starvation,  780 

table,  776 
Saltpeter,  832 
Salt-poor  diet,  780 
Salts,  36 

effervescent,  37 

of  tartar,  148 
Salvarsan,  870  to  882 
Sanatogen,  953 
Sanatol,  577 

Sandalwood  and  oil,  171, 172 
Sanguinaria,  290 
San  tali,  oleum,  172 
Santalum  rubrum,  64 
Santogenin,  222 
Santonic  acid,  222 
Santonin,  222,  333 
Sapo,  149 

Sapo-glucosids,  497  to  500 
Sapokresol,  577 
Saponaria,  500 
Saponins,  19,  497  to  500 
Saponis  linimentum,  137 
Sapotoxins,  19,  497  to  500 
Sappon, 163 
Sarsaparilla,  497  to  500 
Sassafras,  68 

medulla,  116 
Saturnism,  937  to  942 
Saunders,  red,  64 
.Savin,  170 


Saw  palmetto,  173 

Scammonium,  2x3 

Scammony  root,  213 

Scarification,  194 

Scarlet  red,  medicinal,  193 

Scilla,  459  to  4gi 

Scoparin,  380 

Scopariun,  380 

Scope  of  pharmacology,  73 

Scopola,  334 

Scopolamin,    280,   326  to  33^,  335,  344, 

3S2  to  ^56 
Scopolamm-morphin  narcosis,  355 
Scorpion,  502 
Scott^s  dressing,  934 
Scrophularia,  450 
Scurvy,  843,  853 
Scutellaria,  450 
Sea  water,  749 
Sea-baths,  artificial,  773 
Season  variations,  94 
Secale,  426  to  433 
Secalin,  428 
Sccalintoxin,  428 
Secondary  actions,  80 
Secretin,  441 
Seed,  18 

Seidlitz  powder,  763 
Selective  absorption,  78 

action,  78 
Selenium,  886 
Semecarpus,  193 
Semen,  18 

Seminal  vesicles,  337 
Semipermeable  membranes,  730 
Senecio,  171,  450 
Senega,  498  to  500 
Senna,  305 
Serpentaria,  197 
Serum,  443 

anttdiphthericum,  639 

antimeningococcus,  630 

antitetanicum,  630 

disease,  628 

hay  fever,  630 

horse,  443 

normal,  443 
Serums,  625  to  633 
Sesami,  oleum,  Xio 
Setons,  194 
Sevum,  XXX 
Sewer  gas,  150 
Sex,  92 

Sexual  glands,  451 
Siberian  fir,  oil  of,  167 
Side  actions,  80 
Side-chains,  75 
Sidonal,  602 
Signatures,  59 
Silicate,  sodium,  X30 
Silver,  912  to  915 

arsphenamin,  08a 

nitrate,  9x4 
Sinalbin,  174 
Sinapis,  alba,  175 
Sinapism,  127 
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Sinigrin,  174 

Skin,  absorption  from,  83 

irritants,  188 

penetration  of,  108 

protection  of,  108 
Skunk  cabbage,  z66 
Smokeless  gunpowder,  458 
Snake  venom,  501 
Snakeroot,  black,  197 

Seneca,  500 

Virginia,  197 
Sneezing  gas,  147 
Soap,  149 

bark,  497  to  500 

root,  498,  500 
Soda,  caustic,  148 

mints,  847 
Sodx  chlorinate,  liquor,  616 
Sodium  acetate,  851 

arsanilate,  869 

arsenate,  866 

benzoate,  588 

benzosulpMnid,  602 

bicarbonate,  847 

borate,  575 

bor.  camp,  liq.,  575 

bromid,  013 

cacodylate,  746,  868,  869 

carbonas,  14JB 

chlorate,  824 

chlorid,  776  to  78a 

citrate,  853 

citro- tartrate,  effervescent,  853 

cyanid,  713 

diethyl  barbiturate,  703 

hydroxid,  148 

hyposulphite,  617 

inaigotindisulphonate,  604 

iodid,  821 

me ta- vanadate,  887 

nitrate,  823 

nitrite,  459 

perborate,  6i8 

phenolsulphomite,  575 

phosphate,  761 
acid,  761 

salicylate,  596 

silicate,  120 

sulphate.  760 

sulphite,  617 

tellurate,  885 

thiosulphate,  6x7 
Sodium-potassium  tartrate,  763 
Sodorifics,  358 
Sojourn  in  blood,  89 
Solanin,  501 
Solanum  carolinense,'  501 

dulcamara,  501 
Solubilities,  41 
Solution  affinity,  729 
Solution- tension,  728 
Solutions,  25,  30 
Solutol,  577 

Solvents,  pharmaceutic,  37 
Solveol,  577 
Spanish  flies,  190 


Spartein,  330,  380 
Spearmint,  68, 198 
Species,  17 

pectorales,  795 
Spermaceti,  1x4 
Spermin,  453 
Spewing  sickness,  171 
Sphacehnic  acid,  438 
Sphacelotoxin,  438 
Spider,  502 
Spigelia,  32a 
Spinal  anesthesia,  3x0 
Spirit  of  mindererus,  793 
Spirits,  31 

Spiritus  ammonis  aromaticus,  793 
fetidus,  z66 
frumenti,  659 
rectiflcatus,  659 
vini  gallici,  659 
Spleen  extract,  443 

— relation  of,  to  iron  metabolism,  899 
Split  protein  poison,  440 
Sprays,  84 
Squill,  459  to  491 
Stains,  131 
Stannic  chlorid,  147 
Staphisagria,  509 
Starch,  18,  in,  117 
Stavesacre,  509 
Stearopten,  21 
Sterilization,  38 
Sternutatoria,  165 
Stillingia,  194  to  198 
Stimulation,  81 

polarization  theory  of,  636 
Stomach,  331 
Stomachics,  2x4 
Storage  places,  76 
Storax,  173 
Stovain,  314 
Straining,  38 
Stramonium,  334,  35a 
Straub's  mouse  test,  366 
Striped  muscle,  318 

phsystogmin,  curare  and  nicotin  on, 
324 
Strontium,  803  to  804 

bromid,  8x3 

iodid,  821 

lactate,  804 

salicylate,  596 
Stropbanthin,  331,  460  to  491 
Strophanthinum,  491 
Strophanthus,  490 
Strychni  semen,  239 
Strychnina,  224  to  238,  318,  336 
Stypticin,  292 
Styptics,  astringent,  163 
Styptol,  292 
Styrax,  173 
Styrocol,  582 

Subarachnoid  irrigation,  87 
Subcutaneous  administration,  85 

feeding,  107 
Subdural  injection,  86 
Suberin,  x8 
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Sublimation,  25 
Subnasal  injection,  86 
Succinates,  854  - 
Succini,  oleum,  169 
Succus,  $$ 
Suet,  III 
Sugar,  19 

o£  lead,  943 

substitutes,  65 
Sugars,  65 

non-dextrose,  100 
Sulphate  pota^ium,  761 

sodium,  760 
Sulphids,  alkaline,  149 
Sulphocarbolates,  5715 
Sulphoc^anids,  719,  721,  821 
Sulpho-ichthyolate,  ammonium,  153 
Sulphomethylmethanum,  701 
Sulphonal,  700  to  701 
Sulphonated  dyes,  229 
Sulphonmethanum,  700  to  701 
Sulphur,  151 

dioxid,  617 

springs,  150 

trioxid,  146 

waters,  773 
Sulphurated  lime,  150 

potash,  150 
Sulphuric  ether,  603 
Sulphurous  acid,  617 
Sumbul,  166 
Summation,  96 
Sun  cholera  mixture,  163 
Superpalite,  135 
Suppositoria,  glycerin,  115 
Suppositories,  39 
Suprarenal,  feeding  of,  405 

gland,  excision  of,  405 

testing,  405 
Suprarenals,  405 
Suprarenin,  385  to  405 
Surface  phenomena,  728 

tension,  728 
Surface -action  theory,  637 
Susceptibility  to  drug  action,  92 
Suspension  colloids,  725 
Sweat,  358 

e:FCretion  by,  90 
Sweet  flag,  197 

almond,  iiO|  116 
Sydenham's  laudanum,  287 
Sympathetic  system,  315  to  333 
Sympathicatonia,  339 
Sympathomimetic  action,  319,  386 
Symplocarpus,  166 
Symptoms,  variations  in,  80 
Synergism,  95 
Synthetic  compounds,  75 
Syrup, 31 

Syrups,  flavoring,  67 
Syrupus,  66 

acidi  citrici,  66 

calc.  lactophos,  803 

fcrr,  phosph.  c.  quin.  et  strych,  239 

fern  lodidi,  903 

pint  strobi  composttus,  795 


Systemic  conditions  on  cutaneous  irrita- 
tion, 122 
effects,  80 

Tabeixa,  3S 

Tablets,  38 

Talcum,  119 

Tamarindus,  3l6 

Tanacetum,  170 

Tannalbin,  163 

Tannic  acid,  161 

Tannigcn,  163 

Tannin,  16  x 
albuminates,  160 

Tannin-drugs,  163 

Tannins,  19,  159  to  163 

Tansy,  170 

Tar,  588 
eczema  and  cancer,  583 

Tarantula,  502 

Taraxacum,  196 
I  Tartar  emetic,  530,  889 
I  Tartrates,  762  to  763 
I  Tea,  241  to  258.  357 

Teas,  demulcent,  116 
I  Tellurium,  883  to  886 
I  Temperature  on  drug  action,  94 

Terebene,  168 
I  Terebinthinae  oleum,  167 
I  Terpenes,  164 

Terra  silicea  purificata,  119 

Tetanus,  antitoxin,  629 
toxin,  229 

Tethelin,  414 

Tetra,  692 

Tetrachlorethane,  692 

Tetra-ethyl  ammonium  chlorid,  368 

Tetrahydro-beta-naphthylamin,  537 

Tetra- hydro-papa  Venn,  289 

Tetra-methylammonium  chlorid,  368 

Tetra-mcthylthionin  chlorid,  604 

Tetranitrol,  459 

Tetronal,  700  to  701 

Tetryl,  580 

Thallium,  942 

Thebaicum,  286 

Thebain,  259  to  a88 

Thein,  241  to  358 

Theobroma,  257 
I  Theobromatis,  oleum,  no 
I  Theobromin,  241  to  258 
I  Theocin,  356 
I  Theophorin,  356 
I  Theophyllin,  241  to  358 
{  Therapeutic  classification,  341  to  358 
I  Therapeutics,  69 
'  Thermo  regulating  centers,  533 
I  Thiocyanates,  821 

Thiodiglycolchlorid,  175 

Thiosinamin,  153 

Thiosulphate,  617 

Thirst,  771 

Thorium,  907  to  9x3 

Thuja,  170 

Thujon,  165,  170 

Thymi,  oleum,  X69 
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Thymol,  583 

ThymoUs  iodidum,  623 

Thymus,  423,  426 

Thyreotropic  iodin  compound,  415 

Thyroplobulin,  415 

Thyroid  deficiency,  417 

preparations,  414  to  433 
Thyroideum  siccum,  433 
Thyroxin,  414  10433 
Tiennas,  381 
Tiglii,  oleum,  3i6 
Tin,  91S  ^ 

Tinctura  antipenodica,  556 

benzoini  composita,  173 

camphor,  co.,  387 

ferri  chloridi,  904 
Tinctures,  32 
Tissue  extracts,  hemostatic,  443 

with  histamin-like  actions,  44 
T.  N.  T.,  579 
Toad,  460 
Tobacco,  368  to  378 

habitual  use  of,  374  to  378 
Tolamine,  615 
Tolerance,  93 
Tolu.  67, 173 

Toluene  parasulphondichloramin,  oto 
Toluol,  571 

Tolutanum,  balsamum,  173 
Tolutanus,  syrupus,  68 
Toluylazo-naphthol,  192 
Tolysin,  6oi 
Tomato-vine  juice,  193 
Torrefaction,  25 
Touch-me-not,  193 
Toxicodendrol,  192 
Toxicologic  analysis,  50  to  53 
Toxicology,  48  to  58 
"^rachea,  injections,  86 

igacantha,  116 

ransfer  of  results,  82 
ransfusion,  786 
Treatment  of  disease,  69 
Trichloraldehyd,  695 
Trichloromethyl-chloroformate,  145 
Tricresol,  576 

Trimethyl-oxyethylammonum,  366 
Trimethylxanthin,  241  to  258 
Trinitrin,  459 
Trinitrophcnol,  579 
Trinitrqtoluen,  579 
Trional,  700  to  701 
Trioxymethylen,  604  to  609 
Triticum,  117 
Triturations,  24,  36 
Troches,  38 

Trochisci  krameris  et  cocains,  26a 
Trochiscus,  38 
Tropacocain,  297,  315 
Propeins  and  tropin,  334 
Troy  weight,  45 
Trypaflavins,  604 
Trypan  red,  362 

Trypanosome  experiments,  744,  867 
Trypsin,  98 
Tuberculin  preparations,  631  to  633 


Tubers,  17 
Tungsten,  887 
Turhngton's  balsam,  173  ■ 
Turmeric,  65 
Turpentine,  165,  i66-,  167 

Canada,  167 
Turpethum,  213 
Tutm,  239 
Twilight  sleep,  355 
Typhoid  fever,  atropin  test  for,  339 

vaccine,  632  to  633 
Tyramin,  427,  430  to  437 
Tyrode  solution,  749 
Tyrosin,  436 

Ulcers,  124 
Ulmus,  H7 
Unguentum,  40, 114 

diachylon,  943 

lanie  Co.,  1x4 

paraff.,  114 
Upas  tiente,  239 
Uranium,  889  to  891,  908 
Urari,  381 

Urate  solvents,  847  to  850 
Urea,  786 

derivatives,  hypnotic,  701 

formation,  791 
Ureter  and  remil  pelvis,  absorption  from, 

8S 

movements,  327 
Urethane,  702,  704 
Urethra,  absorption  from,  85 
Ur^inea,  49X 

Urtc  acid  and  its  salts,  847  to  850 
Urinary  antiseptics,  624 

bladder  movements,  85 
Urine,  salt  actions  on,  753  to  755 
Urosin,  603 
Urotropin,  609  to  613 
Urticaria,  121 

experimental,  436 
Useful  drugs,  23 
U.  S.  P.  X.,  23 
Ustilago  maydis,  433 
Uteramin,  436  to  437 
Uterine  cavity,  85 

sedatives  and  hemostatics,  499  to  452 
Uterus,  motor  response  of,  324  to  326  ' 
Uva  ursi,  578 
Uzara,  uzaron,  400 

Vacone  virus,  631 
Vaccines,  625  to  633 
Vagina  absorption,  85 
motor  response,  326 
Vagotonia,  339 
Valerates,  166 
Valerian,  165,  x66,  450 
Valerianates,  166 
Vallet's  mass,  903 
Valyl,  166 
Vanadium,  887 
Vanillin,  67 

Van't  Hoff's  theory,  731 
Vas  deferens,  326 
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Vaselin,  ixa 

Vasodermal  system,  317 
Vasodilation,  441 

Vasomotor  mechanism,  atropin  and  pilo- 
carpin  on,  323 

reflexes,  126 
"Vegetative"  nervous  system,  315 
Vehicle,  58 
Veratralbin,  514 
Veratramin,  514 
Veratridin,  509 
Veratrin,  509  to  513 
Veratroidin,  514 
Veratrum,  509,  513  to  517 
Vermicides  and  vermifuges,  217  to  333 
Veronal,  702  to  703 
Verwom's  theory  of  oxygen  deprivation, 

638 
Vesicating  collodion,  190 
Vesication,  121,  153,  190 
Viburnums,  450  to  451 
Vinegar,  Sj^i 
Vinum  antimoniale,  889 

ferri  and  ferri  citratis,  903 
Virus  vaccinicum,  631 
Vis  medicatrix  naturs,  71 
Viscum,  436 
Vitamins.  102  to  105 
Vitriol,  blue,  917 

green,  903 

oil  of,  154 

white,  918 
Vlemingkx's  solution,  150 
Volatile  caustics,  132 

irritants  in  warfare,  132  ^o  147 

oils,  2],  164  to  175 

poisons,  151 
Vomiting  center,  531 

circulation  and  respiration  in,  522 

gas,  145 
Vuzin,  557,  560^0562 

Wafers,  38 
Wahoo,  491 

Warburg's  tincture,  556 
War  gases,  132  to  147 
Warming  plater,  191 
Washing  soda,  148 
Water,  767  to  771 

distilled,  771 

withholding,  771 
Water-hemlock,  239,  379 
Waters,  30 


Waters,  mineral,  771  to  773 
Waxes,  21,  114 
Weights,  46 
Wheals,  265 
Whiskey,  659 
White  lead,  943 

pine,  compound  S3rrup  of,  795 

precipitate,  934 

vitriol,  918 
Wild  cherry  bark,  733 
Wine  measure,  46 
Wines,  33,  659 
Wintergreen,  oil  of,  599 
Witch  hazel,  162 
Wolfsbane,  509 
Wood,  17,  i8 

alcohol,  660 
Wool  fat,  III 
Woorara,  381 
Worm  seed,  American,  330 

Levant,  233 
Wright's  surgical  solution,  782 

Xanthin,  242  to  258 
Xanthins,  methyl,  241  to  258 
Xanthoxylum,  197 
Xerophthalmia,  104 
Xylyl  bromid,  146 

Yeast,  105 

formation,  328 
Yellow  wash,  934 
Yellow-cross  shells,  175 
Yerba  santa,  69 
Yohimbin,  315 
Young's  rule,  91 
Yperite,  175 
Yttrium,  907 

Zeooaria,  198 
Zinc,  917  to  918 

carbonate,  918 

chlorid,  918 

oleostearate,  919 

oxid,  918 

phenol  sulphonate,  918 

phosphid,  948 

stcarate,  9x9 

sulphate,  530,  918 

valerate  and  valerianate,  9x8 
Zinziber,  198 
Zirconium,  907 
Zygadenus,  509 
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